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Life  Support  and  Nuclear  Facility  Applications  Policy 

As  a  general  policy,  Precision  Monolithics  Inc.  |PM1]  does  not 
recommend  the  use  of  any  of  its  products  in  |a|  life  support 
applications  where  failure  or  malfunction  of  the  PMI  product 
can  be  reasonably  expected  to  cause  failure  of  the  life  support 
device  or  to  significantly  affect  its  safety  or  effectiveness,  or  |b) 
any  nuclear  facility  applications.  PMI  will  not  knowingly  sell 
its  products  for  use  in  such  applications  unless  it  receives  in 
writing  assurances  satisfactory  to  PMI  that  |a)  the  risks  of 
injury  or  damage  have  been  minimized  |b]  the  customer 
assumes  all  such  risks,  and  (c)  the  liability  of  PMI  is  adequately 
protected  under  the  circumstances. 

Examples  of  devices  considered  to  be  life  support  devices  are 
neonatal  oxygen  analyzers,  nerve  stimulators  (whether  used  for 
anesthesia,  pain  relief,  or  other  purposesl,  autotransfusion 
devices,  blood  pumps,  defibrillators,  arrhythmia  detectors  and 
alarms,  pacemakers,  hemodialysis  systems,  peritoneal  dialysis 
systems,  neonatal  ventilator  incubators,  ventilators  for  both 
adults  and  infants,  anesthesia  ventilators,  and  infusion  pumps, 
as  well  as  other  devices  designated  as  "critical"  by  the  FDA.  The 
above  are  examples  only  and  are  not  intended  to  be  conclusive 
or  exclusive  of  any  other  life  support  device- 
Examples  of  nuclear  facility  applications  are  applications  in 
(a)  a  nuclear  reactor,  or  |b|  any  device  designed  or  used  in 
connection  with  the  handling,  processing,  packaging, 
preparation,  utilization,  fabricating,  alloying,  storing,  or 
disposal  of  fissionable  material  or  waste  products  thereof. 
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8-Bit  A/D  Converter  12-47 
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Analog  Switches/Multiplexers 

Introduction   13-3 

Definitions  13-3 

Selection  Guide  13-6 
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14-Lead  Flatpack,  Bottom-Brazed  16-22 

16-Lead  Flatpack  16-23 

16-Lead  Flatpack,  Bottom-Brazed  16-23 

24-Lead  Flatpack  16-23 

24-Lead  Flatpack,  Bottom-Brazed  16-23 

Leadless  Chip  Carriers 

20-Position  Chip  Carrier   16-24 

28-Position  Chip  Carrier  16-25 

Plastic  Leaded  Chip  Carriers 

20-Lead  Plastic  Leaded  Chip  Carrier  16-26 

28-Lead  Plastic  Leaded  Chip  Carrier  16-27 


Small  Outline  ICs 

8-Lead  Narrow-Body  SO  16-28. 

14-Lead  Narrow-Body  SO  16-28 

16-Lead  Narrow-Body  SO  16-29 

16-Lead  Wide-Body  SO  16-30 

18-Lead  Wide-Body  SO  16-31 

20-Lead  Wide-Body  SO  16-32 

24-Lead  Wide-Body  SO  16-33 
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Absolute  Value  Circuit  5-36, 5-72, 

5-  246,  5-260,  5-281,  5-446 

Active  Filter,  Programmable  1 1-172 

Ammeter,  Low-Current  5-185 

Amplifier 

Absolute  Value  5-36,  5-72,  5-246,  5-281 

Buffer  5-231,7-10 

Composite  5-71,  5-219,  5-272 

Differential  Input  5-210,  5-245, 

5-280,  5-348 

Differential  Input/Output  5-349, 6-23 

Differential  Output  5-390 

Digital  Offset  Adjust  5-219,  6-26,  6-46, 

11-193,  11-208/209 

Driver  5-231,6-19 

Gated  5-137 

High  Output  ...5-196,  5-390,  5-403,  6-22,  6-44 

Instrumentation  5-54,  5-97/98, 5-138, 

5-172,  5-210,  5-262,  5-280,  5-302, 
5-303,  5-320/322, 5-348 
6-22,  6-23,  6-26,  9-34 

Integrator  5-231 

Inverting  6-24 

Isolation  5-211 

Logarithmic  5-436,  5-447,  9-22 

Low-Noise  5-374,  5-389,  9-22 

Low  Phase  Error  5-392 

Microphone  5-150,  5-151,  5-175 

Micropower  5-138,  5-163,  5-262 

Offset  Correction  5-197 

Peak  Detector  14-40 

Photodiode  5-435 

Piezo-Electric  Transducer  5-185 

Phono  RIAA  5-149,  5-174 

Precision  6-23,9-10 

Programmable  Gain  5-272,  5-391,  5-404, 

6-  22,  11-223,  11-248,  13-32 

Sample  and  Hold  7-10,  13-23 

Squelch  5-375 

Summing  5-71 


CIRCUIT  FUNCTION  PAGE 

Amplifier  continued 

Tape  Head  5-150,  5-174 

Temperature  Transducer  5-122,  10-18 

Thermocouple  5-72 

Vector-Summer  9-33 

Wideband,  Micropower  5-163 

Analog  Switch  8-49 

High  Off  Isolation  13-25 

Single  Supply  13-23 

Analog-to-Digital  Converter 

Companding  AD/DA 

Converter  System  11-67 

Compressing  11-55 

Dual  Slope  13-14 

High-Speed...  8-35,  11-102 

Peak-Reading  14-40 

Sign-Magnitude,  10-Bit  11-89 

Software  SAR  11-113 

Tracking  8-13,  11-85 

Analog-to-Digital 
Divider  11-258 

Attenuator 

Telephone,  Digitally  Controlled  11-238 

Voltage  Controlled  9-35 

Auto-Zero  Instrumentation 
Amplifier  6-26 

Baseline  Restorer 

Programmable  5-220 

Booster,  Power  5-29 

Buffer  Amplifier  5-196,  5-231,  7-10 

Bulk  Resistance 
Compensation  9-19 

Capacitance  Multiplier  5-435 

CODEC  PCM  Encoder  13-66,  14-22 
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Companding  AD/DA 
Converter  System  11-67 


Compensation, 
Bulk  Resistance 


.9-19 


Composite  Amplifier  5-71, 

5-219,  5-272 

Compressing  A/D  Converter  11-55 

Converter 

Analog-to-Digital  8-13,  8-35,  11-55, 11-67, 

11-68,  11-85, 11-89, 11-102, 
11-113,  13-14, 14-40 

Companding  AD/DA  System  11-67 

Compressing  A/D  11-55 

Current-to-Voltage  5-116,  5-184 

DC/DC,  Regulated  8-50 

Digital -to- Analog  5-116,  5-185, 

5-281, 5-402, 11-67 

4-20mA  Output  D/A  11-181 

Multifunction  9-21 

Voltage-to-Current  6-21 

Current  Ammeter  5-186 

Current  Integrator  5-231 

Current  Mirror  9-31 


Current-to-Voltage 
Converter  


...5-116,5-184 
5-262, 5-271 


Current  Sink  5-246, 9-32, 10-10 

Current  Source  5-246,  5-281 

Bilateral  5-79,  5-231, 5-245, 

5-281,  6-21 

Differential  Input  5-349,  6-44 

Digitally  Controlled  1 1-208 

Source  10-10 

Current  Transmitter, 
4-20mA  5-138, 5-260,  6-21,  11-181 


CIRCUIT  FUNCTION  PAGE 

DC/DC  Converter  8-50 

Differential  Amplifier  5-210, 5-245 

Differential  Input/Output  5-349,  6-23 

Differential  Line  Driver  5-390 

Digital  Offset  Adjust  5-219, 6-26, 

6-46, 11-193, 11-208,  11-209 

Digitally  Controlled 
4-20mA  Transmitter  11-181 

Digitally  Controlled 
Gain  Divider   11-223, 11-258 

Digitally  Controlled 
R.F.  Generator  11-182 

Digitally  Controlled  Stereo 
Panning  Circuit  5-375 

Digitally  Controlled 
Telephone  Attenuator  11-238 

Digitally  Programmable 
Window-Comparator  11-237 

Divider,  Analog-to-Digital  11-258 

Divider/Multiplier  9-18 

Driver,  50H  Load  5-231, 6-19 

Dual  Slope  A/D  Converter  13-14 

Fiber-Optic  Receiver  5-209 

Filter 

Bandpass  5-209 

Highpass  5-209 

Low-Pass,  Programmable  13-40 

Notch,  High-Q  5-185 

Programmable  11-172 
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4 -20mA  Current 
Transmitter  


.5-138,  5-260, 
6-21,  11-181 


Gain  Divider, 
Digitally  Controlled         11-223,  11-258 

In  strumentation 

Amplifier  5-54,  5-97,  5-98 

Auto-Zero  6-26 

Differential  Output  5-349 

Digital  Offset  Correction  6-46 

Dual,  Low  Power  5-280,  5-348 

High  Input  Impedance  5-210 

High  Output  Current  6-22,  6-23,  6-44 

High-Speed  5-172,  9-34 

Low-Noise  5-320/322,  9-34 

Micropower  5-138,  5-262,  5-302,  5-303 

Programmable  Gain  6-22,  6-45 


Integrator 


.5-231 


Interfacing  to  Microprocessors 

A/D  Converters 

6502   12-31 

68000   12-29 

D/A  Converters 

Z-80  11-193,  11-213,  11-303 

6502  11-114,  11-194,  11-213 

6800  11-109,  11-141,  11-223, 

11-237,  11-280,  11-292,  11-303 

6801  11-109 

6809  11-109,  11-194,  11-213,  11-318 

8048  11-113 

8080  11-109,  11-303 

8085  11-109,  11-140,  11-193 

11-213,  11-222,  11-237 

8086  11-141 

8088  11-193 

68000   11-129,  11-142,  11-213 

68008   11-194 


Isolation  Amplifier 


5-211 


CIRCUIT  FUNCTION  PAGE 

High  Off  Isolation  Switch   13  25 

Light  Detector  5-183 

Linearization,  Photo-Diode 
A/D  Converter  11-68 

Logarithmic  Amplifier  9-22, 

5-436,  5-447 

Low  Distortion  Sinewave 

Oscillator,  Programmable  1 1-173 

Low-Noise  Amplifier  9-22, 

5-374,5-389 

Low-Noise  Instrumentation 
Amplifier  9-34 

Low-Noise  Voltage  Reference  5-247 

Low-Pass  Filter, 
Programmable  13-40 

Low  Phase  Error  Amplifier  5-392 

Microphone  Amplifier  5-150, 

5-151,5-175 

Multifunction  Converter  9-21 

Multiplier/Divider  9-18,  9-20 

Noise  Test  Circuit  5-76 

Offset  Correction,  Integrating  5-197 

Oscillator  8-27,  8-50 

Micropower  VCO  5-261,  5-401 

Programmable,  Sinewave  11-173 

R.F.,  Digitally  Controlled   11-182 

Wien  Bridge  5-139 

PCM  Encoder  13-66,  14-22 

Peak  Detector  5-247,  14-34/40 
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Peak-Reading  A/D 
Converter  


14-40 


Phono  Amplifier,  RIAA  5-149,  5  174 


Photo  Detector 
Amplifier  


Photodiode  Amplifier 


.5-183,5-209 
 5-435 


Photo-Diode  Linearizing 
A/D  Converter  


11-68 


Piezo-Electric 
Transducer  Amplifier  5-185 

Power  Booster  5-29 

Programmable  Active  Filter  1 1-172 

Programmable  DAC  Reference  ...11-211 

Programmable  Gain 

Amplifier  5-272,  5-391,  5-404, 

6-22,  11-223,  11-248,  13-32 


Programmable  Gain 
Divider  


11-223 


Programmable  Gain 

Instrumentation  Amplifier  6-22, 

6-45 

Programmable  Ramp 

Generator   14-41 


Programmable  Window 
Comparator  


Ramp  Generator, 
Programmable . . 


11-237 


14-41 


Repeater  System,  1.544  MHz   15-10 

R.F.  Generator, 

Digitally  Controlled  11  182 


CIRCUIT  FUNCTION  J'AGE 

RIAA  Phono  Amplifier  5-149,  5-174 

Sample  and  Hold  Amplifier 

Multi-Channel  13-23 

High-Speed   7-10 

Sinewave  Generator 

Programmable   11-173 

3-  Phase  11-212 

Squelch  Amplifier   5-375 

Stereo 

Digital  Panning  5-375 

Graphic  Equalizer  5-376 

Summing  Amplifier  5-71 

Switch,  Analog  8-49,  13-23,  13-25 

Tape-Head  Amplifier  5-150,  5-174 

Temperature  Controller  10-18 

Temperature  Sensor  5-122,  5-248 

Temperature  Transducer 

Amplifier  10-18 

Thermocouple  Amplifier  5-72 

Threshold  Detector/Amplifier  ...5-248 

Time  Delay  Generator  8-28 

Transmitter, 

4-  20m A  Current  5-138,  5-260, 

6-21,  11-181 

Vector-Summing  Amplifier  9-33 

Voltage  Comparator  8-26,  11-83 

High-Sensitivity  5-230 

Window  Comparator  8-20,  8-48,  1 1-237 


lb-6 
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Voltage  Controlled  £5 
Attenuator  9-35  g 

Voltage  Controlled  Oscillator  H 

Micropower  5-401 

M 

Voltage  Reference  D 

Dual  5-282  % 

Dual  Tracking  5-98  Z 

High  Stability  5-36,  5-246  O 

Low  Noise  5-247  G 

Micropower  1.23  Volt  5-137  U 

Multiple-Output  Tracking  5 -350  3 

+3  Volt  10-19  S 

+10  Volt  10-10  < 

Programmable  11-211 

Voltage  Regulated 
DC/DC  Converter  8-50 

Voltage  Regulator, 
Micropower  5-139 

Voltage -to  -  Current 
Converter  6-21 

Wien-Bridge  Oscillator  5-139 

Window  Comparator  8-20, 

8-48, 11-237 

Window  Comparator, 

Programmable  11-237 

High  Resolution  5-282, 11-139 

Non-Overlapping  11-210 

Overlapping  11-211 

Zero-Crossing  Detector  5-435 
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For  additional  applications  information,  please  refer  to  PMI's  Linear  and  Conversion  Applications 
Handbook  which  contains  the  fol  lowing  list  of  application  notes.  I'lcase  contact  your  local  sales  office  or 
address  your  inquiry  to  PMI  Literature  Department. 


AB-1  Strobing  the  DAC-08  under  Logic  Control 

AB-2  OP-10  Instrumentation  Amplifier  CMRR  vs.  Frequency  Improvement 

AB-3  Digital  Nulling  of  Precision  Op  Amps 

AB-4  REF-02  Temperature  Controller 

AB-6  Single  Supply  Operation  of  the  DAC-08  and  DAC-20 

AB-9  Dual  Precision  Voltage  Reference 

AB-101  Precision  Audio  Switch 

AB-102  12-Bit  4  Quadrant  Multiplying  D/A  Converter 

AB-103  Low-Drift  Micropower  Instrumentation  Amplifier 

AB-104  Single-Supply  Micropower  Instrumentation  Amplifier 

AB-105  Low  Input-Current  Operational  Amplifier 

AB-106  Transimpedance  Amplifier 

AB-107  Two-Wire,  4-20mA  Current  Transmitter 

AB-108  A  Micropower  Single-Supply  Precision  Rectifier 

AB-109  High  Speed  Precision  Rectifier 

AB-110  Logarithmic  Converter 

AB-111  Single-Supply  Wien-Bridge  Oscillator 

AB-112  Single-Resistor  Controls  Wien-Bridge  Oscillator  Frequency 

AB-113  Precision  Ramp  Generator 

AB-114  Precision  Current  Regulator 

AB-115  Micropower  1.23V  Bandgap  Reference 

AN-6  A  Low-Cost,  High-Performance  Tracking  A/D  Converter 

AN-11  A  Low-Cost,  Easy-To-Build  Successive  Approximation  A/D  Converter 

AN-12  Temperature  Measurement  Method  Based  on  Matched  Transistor  Pair  Requires  no 
Reference 

AN-13  The  OP-07  Ultra-Low  Offset  Voltage  Op  Amp  —  A  Bipolar  Op  Amp  that  Challenges 
Choppers,  Eliminates  Nulling 

AN-14  Interfacing  Bipolar  Technology  D/A  Converters  with  CMOS  Logic 

AN-15  Minimization  of  Noise  in  Operational  Amplifier  Applications 

AN-16  Low-Cost,  High-Speed  A/D  Conversion  with  the  DAC-08 

AN-17  DAC-08  Applications  Collection 

AN-18  Thermometer  Applications  of  the  REF-02 
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AN-19  Differential  and  Multiplying  D/A  Converter  Applications 

AN-20  Exponential  Digitally  Controlled  Oscillator  using  DAC-86 

AN-21  4-20mA  Digital  to  Process  Current  Transmitter 

AN-23  D/A  Converter  Generates  Hyperbolic  Functions 

AN-24  The  OP-17,  OP-16,  OP-15  as  Output  Amplifiers  for  High  Speed  D/A  Converters 

AN-25  Applying  the  OP-06  Op  Amp  as  a  High  Precision  Comparator 

AN-27  Polarity  Programmable  Peak  Detector 

AN-28  Audio  Applications  for  the  DAC-86  Companding  D/A  Converter 

AN-31  Successive  Approximation  Register  Design  for  Multi-Channel  CODECs 

AN-32  Single  Supply  Operation  of  PMI  Multiplexers 

AN-35  Understanding  Crosstalk  in  Analog  Multiplexers 

AN-36  DAC-08  Control  of  555  Timers 

AN-37  Eight-Channel  CODEC  Applications 

AN-38  Four-Channel  Shared  CODEC 

AN-39  Companding  D/A  Converter 

AN-40  A  Buffer  Amplifier  Applications  Collection 

AN-41  Improved  Shared-Channel  CODEC  Design  with  PMI's  Companding  DACs 

AN-42  A  1kHz,  OdBmO  Standard  Signal  Generator 

AN-47  BCD  DAC  makes  Programming  of  Function  Generator  Simple 

AN-48  Designing  Digital  Repeaters  with  ICs 

AN-50  A  Variable-Frequency,  Clock-Recovery  Circuit  using  the  RPT-82  or  RPT-83 

AN-53  Sample/Hold  Circuit  Monitors  Two  Input  Signals  and  Tracks  the  Smaller  or  Larger  Signal 

AN-101  Cross-Plot  Generator  Allows  Quick  A/D  Converter  Evaluation 

AN-102  Very  Low  Noise  Operational  Amplifier 

AN-103  Take  the  Guesswork  out  of  Settling-Time  Measurements 

AN-104  Radiation  Effects  of  Linear  Integrated  Circuits 

AN-10S  Applications  of  the  MAT-04,  a  Monolithic  Matched  Quad  Transistor 

AN-106  A  Collection  of  Op  Amp  Applications 


1b-9 


Table  of  Contents 

la 

Applications  Subject  Index 

lb 

Ordering  Information 

2 

Product  Assnnmcp  Proprpm 

X  X Uvi 14- V./ L  iLOO 111 (Ulv v  X  XvsJ^XCXXXX 

Tndustrv  dross  Reference 

XXXvXlXOvXy    V^IUOO  IWlvlvilvv 

4 

Onerational  Amnlifiprs 

V/UWl  CI  LXwXXCLX  X  XXXX  L/XXX  lvl  O 

s 

Instrumentation  Amnlifiers 

XXXOIX  LXXXXW'XXlCllXvsXX  X  XXXX  L/XXX  X wX  o 

6 

Vol  tape  Followers/Buffers 

V  V-/X  Idww  X  VJ11U  VV  vl  O/  XJ  LXXX  vl  O 

7 

! 

VoImpp  Com  nara  tors 

ft 

u 

A/iritrhpd  Transistors 

X  V  XCl  Lv/XX^VX  XXCLXXOXOLWXO 

0 

y 

Vnltatrp  Rpfprprippc 

xU 

OiPit^l-to- Analop"  Convprtprs 

11 

XX 

xAaalog-to-Digital  Converters 

12 

Analog  Switches/Multiplexers 

13 

Sample-and-Hold  Amplifiers 

14 

Communications  Products 

15 

Package  Information  16 


Sales  Offices,  Representatives  and  Distributors  17 


PMi)  ORDERING 

INFORMATION 


Precision  Monolithic*  Inc. 


Package  Products  Part 

Numbering  System  2-3 

Dice  Part  Numbering  System  2-4 

JAN  Products  Part  Numbering  System  2-5 

Military  Drawings  2-6 

Dice  Information  2-7 

Reliability  Information  2-8 

Discontinued  Product  Replacement 

Guide  2-9 


pmI> 


ORDERING 
INFORMATION 


I'rcc Lshiii  Monolithlcs  Int. 


PACKAGED  PRODUCTS  PART  NUMBERING  SYSTEM 


DAC-08  Bl  E  Q  /883 


Device  Type  &  Model  Number 
Burn-In  Option 
Electrical  Grade 
Package  Suffix 

MIL-STD-883,  Class  B,  Revision  C  Option 

PMI  -55°C  to  +125°C  devices  are  available  with  MIL-STD-883, 
Class  B,  Revision  C  screening  as  standard  products.  To  order  an  883 
part,  simply  add  the  designation  /883  to  the  part  number.  For  example, 
the  DAC-08AQ,  screened  to  the  883  requirements  would  be  ordered  as 
a  DAC-08AQ/883.  Contact  factory  for  883  device  specifications. 


Package  type 

H   =6  lead  TO-78  Can 

J    =8  lead  TO-99  Can 

K   =  10  lead  TO-100  Can 

O  =  Not  used 

P  =EpoxyDIP 

PC  =  Plastic  Leaded  Chip  Carrier 
Q  =16  lead  Ceramic  DIP 
R   =  20  lead  Ceramic  DIP 
RC  =  20  position  LCC* 


S  =  Small  Outline  Package 

T  =28  lead  Ceramic  DIP 
TC  =  28  position  LCC* 

U  =  Not  used 

V  =  24  lead  Ceramic  DIP 
X  =18  lead  Ceramic  DIP 

Y  =14  lead  Ceramic  DIP 
Z  =  8  lead  Ceramic  DIP 

'Available  on  certain  883  products 
Note:  See  more  complete  listing 
on  page  16-2. 
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Select  electrical  grade  from  data  sheet. 

PMI  offers  all  0°/70°C  and  -25°/+85°C  devices  with  burn-in.  Parts  with 
this  option  are  specified  with  the  letters  Bl  added  between  the  model 
number  and  the  electrical  grade.  For  example,  to  order  DAC-08EQ  with 
burn-in,  the  part  number  is  DAC-08BIEQ. 


Device  types  are  listed  on  next  page.  Select  model  number  from 
product  listings. 
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ORDERING 
INFORMATION 


DICE  PART  NUMBERING  SYSTEM 


Device  Type  &  Model  Number 

Electrical  Grade 

N  =  Top,  G  =  Middle,  GR  =  Lowest 

Temperature-Tested  Die  Option  (125°  C) 
Visual  Criteria 

A  =  MIL-STD-883,  Method  2010,  Test  Condition  A. 
B  =  MIL-STD-883,  Method  2010,  Test  Condition  B. 

Backing  Suffix 

C  =  Plain,  CG  =  Gold  Backed 


DAC-08   N   T  B  C 


All  PMI  dice  are  available  with  either  plain  backing  or,  for  a  50%  adder 
plus  a  $250  lot  charge,  a  1-micron-thick  eutectic-bonded  gold  backing. 

Many  PM I  devices  are  available  with  min/max  wafer  probe  limits  for  dice 
tested  at  + 125°  C.  See  specific  data  sheet. 

Data  sheets  give  specific  available  grades  for  each  PMI  device. 


—  Device  Type 

ADC 

—  Analog-to-Digital  Converter 

AMP 

—  Instrumentation  Amplifier 

BUF 

—  Buffer  (Voltage  Follower) 

CMP 

—  Comparator 

DAC 

—  Digital-to-Analog  Converter 

JAN 

—  MIL-M-38510  Slash  Sheet 

LIU 

—  Serial  Data  Line  Interface  Unit 

MAT 

—  Matched  Transistor 

MUX 

—  Multiplexer 

OP 

—  Proprietary  Operational  Amplifier 

PKD 

—  Peak  Detector 

PM 

—  Second-Source,  Industry  Specifications 

REF 

—  Voltage  Reference 

RPT 

—  PCM  Line  Repeater 

SMP 

—  Sample-and-Hold  Amplifier 

SW 

—  Analog  Switch 

Select  model  number  from  product  listings. 
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ORDERING 
INFORMATION 


['revision  iVUmolit  It  ics  Inc. 


JAN  PRODUCTS  PART  NUMBERING  SYSTEM 
MIL-M-38510 

PMI's  factory  is  certified  to  produce  JAN  parts  per  MIL-M-38510.  PMI 
currently  has  JAN  Qualifications  on  the  following  devices:  741  A, 
747A,  LM108A,  LH2108,  4136,  LF155A,  LF156A,  LF157A,  LF155, 
LF156,  LF157,  OP-07A,  OP-07,  OP-27A,  DAC-08A,  DAC-08,  LM111 
and  LM139.  These  devices  are  in  full  compliance  with  the  military 
detail  specifications  and  are  listed  on  the  Qualified  Products  List 
(QPL). 


SLASH  SHEET  PART  NUMBERING  SYSTEM 


MIL-M-38510 

Slash  Sheet  Number 

Device  Number  on  Slash  Sheet 


JM38510/  113  02  B  E  B 


L 


Lead  Finish 

A  =  Solder  dipped 

B  =  Tin  plated 

C  =  Gold  plated 

X  =  Any  above  lead  finish 

Package  Type 

C  =  14-pin  1/4"  X  3/4"  DIP 

E  =  16-pin  1/4"  X  7/8"  DIP 

G  =  8-pin  TO-99  Can 

I  =  10-pin  TO-100  Can 

J  =  24-pin  1/2"  X  1-1/4"  DIP 

P  =  8-pin  1/4"  X  3/8"  DIP 

Screening  Level 
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ORDERING 
INFORMATION 


Precision  Mmmlithics  Inc. 


JAN  PART  NUMBERING  SYSTEM 


Device  Type  &  Model  Number 
Screening  Level 

Package  Type 

K  =  10-pin  TO-100  Can 

J  =  8-pin  TO-99  Can 

Q  =  16-pin  1/4"  X  7/8"  DIP 

V  =  24-pin  1/2"  X  1-1/4"  DIP 

Y  =  14-pin  1/4"  x  3/4"  DIP 
Z  =  8-pin  1/4"  X  3/8"  DIP 

MIL-M-38510 

Lead  Finish 

1  =  Gold  plated 

2  =  Tin  plated 

5   =  Solder  dipped 

X   =  Any  above  lead  finish 


PMI) 


DAC-08  A  Q   2  /38510 


MILITARY  DRAWINGS 

Precision  Monolithics  offers  compliant  883C 
products  tested  to  military  drawing 
requirements.  Those  devices  currently  available 
are  listed  in  the  table  below.  New  devices  are 
being  added  to  the  military  drawing  system  as 
program  needs  are  identified.  If  your  program 
has  a  use  for  products  which  are  not  currently 
on  this  list,  PMI  will  assist  you  in  preparing  a 
military  drawing  for  your  requirement.  Please 
call  PMI  direct  for  assistance. 


Generic  Part  Number 
MUX-08AQ/883 
MUX-08BQ/883 
MUX-08BRC/883 
MUX-16AT/883 
MUX-16BT/883 
MUX-16BTC/883 
MUX-24AQ/883 
MUX-24BQ/883 
OP-07AJ/883 
OP-07ARC/883 
OP-07AZ/883 
OP-07J/883 
OP-07RC/883 


Military  Drawing  Number 

5962-8771601  EX 

5962-8771602EX 

5962-87716022X 

5962-8771701 XX 

5962-8771702XX 

5962-87717023X 

5962-8771801  EX 

5962-8771802EX 

5962-8203601 GX 

5962-82036012X 

5962-8203601 PX 

5962-8203602GX 

5962-82036022X 


Generic  Part  Number 

OP-07Z/883 

OP-14AJ/883 

OP-14AZ/883 

OP-14BJ/883 

OP-14BZ/883 

OP-17AJ/883 

OP-17AZ/883 

OP-17BJ/883 

OP-17BZ/883 

OP-77AJ/883 

OP-77AZ/883 

OP-207AY/883 

OP-207BY/883 

OP-227AY/883 

OP-400ATC/883 

OP-400AY/883 

PM-139ARC/883 

PM-139AY/883 

PM-7226AR/883 

PM-7524AQ/883 

PM-7524ARC/883 

PM-7524BQ/883 

PM-7524BRC/883 

PM-7528AR/883 

PM-7528ARC/883 


Military  Drawing  Number 

5962-8203602PX 
5962-8771401  GX 
5962-8771401  PX 
5962-8771402GX 
5962-8771402PX 
5962-8770601  GX 
5962-8770601  PX 
5962-8770602GX 
5962-8770602PX 
5962-8773801  GX 
5962-8773801  PX 
5962-8771501 CX 
5962-8771502CX 
5962-8688701  CX 
5962-87771013X 
5962-8777101  CX 
5962-87739012X 
5962-8773901  CX 
5962-8780201 RX 
5962-8770001  EX 
5962-87700012X 
5962-8770002EX 
5962-87700022X 
5962-8770101  RX 
5962-87701012X 


2-6 


PMl) 


Precision  Monolithics  Inc. 


ORDERING 
INFORMATION 


Generic  Part  Number 

PM-7528BR/883 

PM-7528BRC/883 

PM-7545AR/883 

PM-7545ARC/883 

PM-7545BR/883 

PM-7545BRC/883 

REF-02AJ/883 

REF-02AZ/883 


Military  Drawing  Number 

5962-8770102RX 
5962-87701022X 
5962-8770201 RX 
5962-87702012X 
5962-8770202RX 
5962-87702022X 
5962-8551401 GX 
5962-8551401  PX 


DICE  INFORMATION 
Triple  Passivation 

Triple  Passivation  is  a  three-step  process  which 
provides  superior  reliability  and  protection  tor 
all  PMI  integrated  circuits.  First,  a  specially 
treated  thermal  silicon  dioxide  layer  is  grown. 
This  protects  the  junctions  and  also  attracts  any 
residual  ionic  impurities  to  the  top  surface  of  the 
oxide,  where  they  are  held  fixed.  Next,  a  layer  of 
silicon  nitride  is  applied  to  prevent  the  entry  of 
any  potential  contamination  or  impurities.  The 
third  step  is  the  thick  glass  overcoat  layer  which 
leaves  only  the  bonding  pads  exposed.  This 
"glassivation"  protects  the  die  from  damage  dur- 
ing assembly  and  is  especially  important  in  min- 
imizing yield  loss  during  shipment  and  assembly 
of  dice  for  hybrid  circuits. 

Quality  Assurance 

PMI  believes  that  quality  and  reliability  must  be 
built  into  the  product;  no  amount  of  testing  can 
replace  these  inherent  properties.  For  this  rea- 
son, devices  are  fabricated  and  processed  with 
many  exclusive  processes  and  controls  added  to 
improve  quality  and  reliability.  The  integrity  of 
aluminum  metallization  is  confirmed  by 
sampling  wafer  lots  using  Scanning  Electron 
Microscope  (SEM)  examinations  per  Method 
2018  specifications. 

Mechanical  Information 

Aluminum  metallization  with  a  nominal  thick- 
ness of  10,000  angstroms  is  standard  for  all 
devices.  Die  thickness  is  19  mils  minimum  to  21 
mils  maximum.  Minimum  bonding  pad  size  is  4.0 
mils  X  4.0  mils  for  all  devices. 

Visual  Inspection 

All  dice  are  100%  visually  inspected  to  the  appli- 
cable visual  criteria  per  MIL-STD-883  Method 
2010,  Condition  B. 


Electrical  Connections 

The  back  side  of  dice  should  be  electrically  iso- 
lated from  adjacent  voltages.  If  it  is  necessary  to 
connect  the  die-attach  area  to  a  voltage,  the  fol- 
lowing conditions  apply: 

1.  All  bipolar  technology  die  substrates  should 
be  connected  to  the  negative  power  supply 
voltage  (V-). 

2.  All  CMOS  technology  die  substrates  should 
be  connected  to  the  positive  power  supply 
voltage  (VDd)- 

Electrical  Testing 

All  dice  are  100%  tested  to  the  25°  C  DC  wafer 
test  limits  shown  in  this  catalog  before  the  wafer 
is  separated  into  individual  dice.  Due  to  varia- 
tions in  assembly  methods  and  normal  yield  loss, 
PMI  does  not  guarantee  specifications  after 
packaging  for  standard  dice.  Sample  assembly 
and  testing  in  standard  PMI  packages  to  speci- 
fied LTPD's  and  min/max  specifications  are 
available  at  extra  cost.  Consult  factory  for  dice 
lot  qualification  negotiation. 

Shipping 

Protection  during  shipment  is  provided  by  a  waf- 
flepack  carrier  with  anti-static  shield  and 
cushioning  strip.  In  addition,  the  wafflepack  is 
vacuum  sealed  in  a  polyethylene  bag. 

Military/ Aerospace  Applications 

PMI  devices  are  widely  used  in  military  and 
aerospace  programs.  A  partial  listing  includes: 

Military  Aircraft  (Electronic  Systems) 


B-1B 
A-10 
F-15 
F-18 

Missile/Spacecraft 

Harm  Missile 

Sparrow  Missile 

Minuteman 

TOW 

GOES 

FAADS 


F-14 
F-16 
F-5 


ADATS 

Maverick 

Milstar 

Stinger  Missile 
Cruise  Missile 
Space  Shuttle 
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Precision  Alonulithics  Inc. 


ORDERING 
INFORMATION 


RELIABILITY  INFORMATION 
MIL-STD-883C 

PMI  standard  "883"  parts  are  manufactured  to 
be  in  full  compliance  with  all  MIL-STD-883 
requirements.  See  Section  3  for  more  details. 

Specials 

At  PMI,  we  have  a  proven  track  record  for  han- 
dling "customer  specials".  Many  IC  manufactur- 
ers shy  away  from  processing  precision  linear 
ICs  to  the  unique  in-house  specifications  of 
their  customers.  PMI  recognizes  your  special 
needs  and  welcomes  the  opportunities  provided 
by  the  military/aerospace  industry.  The  Military 
and  Aerospace  industry  is  a  cornerstone  of 
PMI's  business  and  we  will  continue  to  offer  the 
extra  processing  that  your  applications  require. 

Radiation  Resistance 

As  a  leading  supplier  of  precision  linear  ICs  to 
the  military/aerospace  industry,  PMI  is  suppor- 


tive of  the  system  designer's  needs  for  readily 
available,  standard  components  that  are  radia- 
tion resistant.  A  number  of  standard  PMI  linear 
integrated  circuits  have  characteristically  dem- 
onstrated good  resistance  to  radiation.  These 
devices  have  been  subjected  to  radiation  levels 
necessary  to  perform  effectively  in  military/aer- 
ospace radiation  environments,  and  they  are 
now  being  used  in  a  number  of  demanding  mil- 
itary and  space  programs. 

Experiments  to  isolate  the  processing  mecha- 
nisms that  led  to  PMI's  increased  radiation 
hardness  characteristics  have  pointed  heavily 
toward  the  use  of  a  silicon  nitride  passivation 
layer.  While  we  do  not  believe  that  this  process 
is  the  only  radiation  hardening  advantage  of  PMI 
devices,  it  does  add  a  great  deal  to  survivability. 

For  more  information  request  PMI's  "Radiation 
Resistance"  brochure. 
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ORDERING 
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ALTERNATE  REPLACEMENTS  FOR 
DISCONTINUED  ELECTRICAL  GRADES 
AND  PACKAGE  TYPES 

PMI  has  discontinued  certain  electrical  grades 
and/or  package  options.  The  guide  below  is 
provided  to  help  the  designer  select  an 
appropriate  alternate  device.  Exact 
Replacements  are  drop-in  replacements  with 
identical  packaging  and  electrical  specifications, 
equal  to  or  better  than  the  original  device. 
Similar  Replacements  will  serve  the  same  basic 
function,  but  electrical  specifications  or 
packaging  may  vary. 


Packaged  Products 

Part  Number     Alternate  Device  Type 

EXACT  REPLACEMENT  —  AMP01 BTC/883C 


Packaged  Products 

Part  Number      Alternate  Device  type 


AMP01BTC 

CMP02C2 

CMP02EJ 

CMP02EZ 

CMP02J 

CMP02J/883C 

CMP02Z 

CMP02Z/883C 

DAC01AY 

DAC01AY/883C 

DAC01BY 

DAC01FY/883C 

DAC01Y 

DAC02BCX1 

DAC03B0X1 
DAC03BDX2 
DAC030DX1 
DAC03DDX2 

DAC05CX1 

OAC0SCX1/883C 

DAC05GX1 

OAC06CX 

DAC06CX/883C 

DAC06GX 

DAC08RC 

DAC10CX/883C 


SIMILAR 
SIMILAR 
SIMILAR 
SIMILAR 
SIMILAR 
SIMILAR 
SIMILAR 


REPLACEMENT 
REPLACEMENT 
REPLACEMENT 
REPLACEMENT 
REPLACEMENT 
REPLACEMENT 
REPLACEMENT 


SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
EXACT  REPLACEMENT  - 
EXACT  REPLACEMENT  - 

EXACT  REPLACEMENT  -  DAC02ACX1 


-  CMP02CP 

-  CMP01EP 

-  CMP02EP 

-  CMP02EP 

-  CMP01J/883C 

-  CMP02EP 

-  CMP012/883C 

-  DAC01FY 

-  DAC01Y/883C 

-  DAC01FY 
DAC01Y/863C 
OAC01Y/863C 


EXACT  REPLACEMENT 
EXACT  REPLACEMENT 
EXACT  REPLACEMENT 
EXACT  REPLACEMENT 

EXACT  REPLACEMENT 
EXACT  REPLACEMENT 
EXACT  REPLACEMENT 

EXACT  REPLACEMENT 
EXACT  REPLACEMENT 
EXACT  REPLACEMENT 

EXACT  REPLACEMENT 

EXACT  REPLACEMENT 


DAC100BBQ6/883C  EXACT 
DAC100BCQ6/883C  EXACT 
DAC100BCQ8  EXACT 
DAC100CCO8  EXACT 
DAC100DDQ4  EXACT 
DAC100DDQ8  EXACT 


REPLACEMENT 
REPLACEMENT 
REPLACEMENT 
REPLACEMENT 
REPLACEMENT 
REPLACEMENT 


DAC03ADX1 
DAC03ADX2 
DAC03CDX1 
DAC03CDX2 

DAC05AX1 

DAC05AX1/883C 

OAC0SEX1 

DAC06BX 

DAC06BX/883C 

OAC06FX 

DAC08RC/883C 

DAC10BX/883C 

DAC100ACO6/883C 

OAC100ACQ6/883C 

DAC100BBQ8 

DAC100BBQ8 

DAC100CCQ4 

DAC100BBQ8 


DAC208AX 

SIMILAR 

REPLACEMENT 

DAC210 

DAC208AX/883C 

SIMILAR 

REPLACEMENT 

— 

DAC210 

DAC206BX 

SIMILAR 

REPLACEMENT 

— 

DAC210 

DAC208BX/883C 

SIMILAR 

REPLACEMENT 

DAC210 

LJt\\j  £UOC  A 

CIMII  AD 

RPPI  ACFMFNT 

L/nwcVOr  A 

CIMII  AO 

RFPLACFMF.NT 

DAC210 

DAC210ASX 

SIMILAR 

REPLACEMENT 

— 

DAC210EX 

DAC210ASX/883C 

SIMILAR 

REPLACEMENT 

— 

OAC210EX 

DAC210AX 

SIMILAR 

REPLACEMENT 

— 

DAC210EX 

DAC210AX/883C 

SIMILAR 

REPLACEMENT 

— 

DAC210EX 

DAC210BSX 

SIMILAR 

REPLACEMENT 

— 

DAC210FX 

DAC210BSX/883C 

SIMILAR 

REPLACEMENT 

DAC210FX 

DAC210BX 

SIMILAR 

REPLACEMENT 

DAC210FX 

DAC210BX/883C 

SIMILAR 

REPLACEMENT 

DAC210FX 

DAC210ESX 

SIMILAR 

REPLACEMENT 

DAC210EX 

DAC210FSX 

SIMILAR 

REPLACEMENT 

DAC210FX 

DMX88EQ 

SIMILAR 

REPLACEMENT 

MUX88FQ 

DMX88FQ 

SIMILAR 

REPLACEMENT 

MUX88FQ 

GAP01AX 

SIMILAR 

REPLACEMENT 

PKD01 

GAP01AX/883C 

SIMILAR 

REPLACEMENT 

PKD01 

GAP01BX 

SIMILAR 

REPLACEMENT 

PKD01 

GAP01BX/883C 

SIMILAR 

REPLACEMENT 

PKD01 

GAP01EP 

SIMILAR 

REPLACEMENT 

PKD01 

GAP01EX 

SIMILAR 

REPLACEMENT 

PKD01 

GAP01FP 

SIMILAR 

REPLACEMENT 

PKD01 

GAP01FX 

SIMILAR 

REPLACEMENT 

PKD01 

MAT02BRC 

MUX08BRC 

MUX16BTC 

MUX28AT 
MUX28AT/883C 
MUX28BT 
MUX28BT/883C 

MUX88EQ 

OP01GJ/883C 

OP01GZ 

OP01GZ/883C 

OP01Z 

OP012V883C 
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EXACT  REPLACEMENT  -  MAT02BRC/883C 

EXACT  REPLACEMENT  -  MUX08BRC/883C 

EXACT  REPLACEMENT  —  MUX16BTC/883C 

NOT  RECOMMENDED  FOR  NEW  DESIGNS 
NOT  RECOMMENDED  FOR  NEW  DESIGNS 
NOT  RECOMMENDED  FOR  NEW  DESIGNS 
NOT  RECOMMENDED  FOR  NEW  DESIGNS 

SIMILAR  REPLACEMENT  —  MUX88FQ 


EXACT  REPLACEMENT  - 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 


OP01J/683C 

-  OP01HZ 

-  OP01J/883C 

-  OP01J 

-  OP01J/883C 


OP02BZ 

EXACT 

REPLACEMENT 

OP02AZ 

OP02BZ/883C 

EXACT 

REPLACEMENT 

OP02AZ/883C 

OP02DJ 

EXACT 

REPLACEMENT 

OP02CJ 

OP02DZ 

EXACT 

REPLACEMENT 

OP02CZ 

OP02Z 

EXACT 

REPLACEMENT 

OP02AZ 

OP04AK 

EXACT 

REPLACEMENT 

OP04AK/883C 

OP04BK 

EXACT 

REPLACEMENT 

OP04K/883C 

OP04BK/883C 

EXACT 

REPLACEMENT 

OP04K/883C 

OP04BY 

EXACT 

REPLACEMENT 

OP04Y 

OP04BY/883C 

EXACT 

REPLACEMENT 

OP04Y/883C 

OPCMCK 

EXACT 

REPLACEMENT 

OP04K/883C 

OP04K 

EXACT 

REPLACEMENT 

OP04K/883C 
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Packaged  Products 

Part  Number      Alternate  Device  type 


Packaged  Products 

Part  Number      Alternate  Device  Type 


OPOSAY 

OP05AY/883C 

OP05CY 

OP05EY 

OPOSY 

OP05Y/883C 

OP06AZ 

OP06AZ/883C 

OP06BZ 

OP06BZ/883C 

OP06CJ 

OP06CZ 

OP06EJ 

OP07AY 

OP07AY/883C 

OP07CY 

OP07DY 

OP07EY 

OP07RC 

OP07Y 

OP07Y/883C 


SIMILAR  REPLACEMENT  -  OP05AZ 
SIMILAR  REPLACEMENT  -  OP0SAZ/883C 
SIMILAR  REPLACEMENT  -  OPOSCZ 
SIMILAR  REPLACEMENT  -  OPOSEZ 
SIMILAR  REPLACEMENT  —  OP05Z 
SIMILAR  REPLACEMENT  —  OP05Z/883C 


SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
EXACT  REPLACEMENT  - 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 

SIMILAR  REPLACEMENT 

SIMILAR  REPLACEMENT 

SIMILAR  REPLACEMENT 

SIMILAR  REPLACEMENT 

SIMILAR  REPLACEMENT 
EXACT  REPLACEMENT  - 

SIMILAR  REPLACEMENT 

SIMILAR  REPLACEMENT 


-  OP06AJ 

-  OP06AJ/883C 

-  OP06BJ 

-  OP06BJ/883C 

-  OP06BJ 

-  OP06BJ 

-  OP06EZ 

-  OP07AZ 

-  OP07AZ/883C 

-  OP07CZ 

-  OP07DZ 

-  OP07EZ 
OP07RC/883C 

-  OP07Z 

-  OP07Z/883C 


OP08CJ 

EXACT 

REPLACEMENT 

OP08AJ 

OP08CJ/883C 

EXACT 

REPLACEMENT 

OP08AJ/883C 

OPOSCZ 

EXACT 

REPLACEMENT 

OP08AZ 

OP08GJ 

EXACT 

REPLACEMENT 

OP08EJ 

OP08GP 

EXACT 

REPLACEMENT 

OP08EP 

OP09BY 

EXACT 

REPLACEMENT 

OP09AY 

OP09BY/S83C 

EXACT 

REPLACEMENT 

OP09AY/883C 

OP11ARC 

EXACT 

REPLACEMENT 

OP11ARC/883C 

OP11CY 

EXACT 

REPLACEMENT 

OP11BY 

OP11GY 

EXACT 

REPLACEMENT 

OP11FY 

OP12AJ 

EXACT 

REPLACEMENT 

PM1012AJ 

OP12AJ/883C 

EXACT 

REPLACEMENT 

PM1012AJ/883C 

OP12AZ/883C 

EXACT 

REPLACEMENT 

PM1012AZ/683C 

OP12BJ 

EXACT 

REPLACEMENT 

PM1012AJ 

OP12BJ/883C 

EXACT 

REPLACEMENT 

PM1012AJ/883C 

OP12BZ/883C 

EXACT 

REPLACEMENT 

PM1012AZ/883C 

OP12CJ 

EXACT 

REPLACEMENT 

PM1012AJ 

OP12CJ/883C 

EXACT 

REPLACEMENT 

PM1012AJ/883C 

OP12CZ/883C 

EXACT 

REPLACEMENT 

PM1012AZ/883C 

OP12FZ 

EXACT 

REPLACEMENT 

PM1012GZ 

OP14BJ 

EXACT 

REPLACEMENT 

OPMAJ 

OPMBJ/883C 

EXACT 

REPLACEMENT 

OP14AJ/883C 

OPMBZ 

EXACT 

REPLACEMENT 

OP14AZ 

OP14BZ/883C 

EXACT 

REPLACEMENT 

OP14AZ/883C 

OP14DJ 

EXACT 

REPLACEMENT 

OP14CJ 

OP15BZ/883C 

EXACT 

REPLACEMENT 

OP15AZ/883C 

OP15CJ 

EXACT 

REPLACEMENT 

OP1SBJ 

OP15CJ/883C 

EXACT 

REPLACEMENT 

OP1SBJ/883C 

OP15CZ 

EXACT 

REPLACEMENT 

OP15BZ 

OP15CZ/883C 

EXACT 

REPLACEMENT 

OP15AZ/883C 

OP16AZ 

OP16AZ/883C 

OP16BZ 

OP16CJ 

OP16CJ/883C 

OP16CZ 

OP17AZ 

OP17BJ 

OP17BZ 

OP17CJ/883C 

OP17CZ 

OP17CZ/883C 

OP20BJ/883C 
OP20BZ/883C 
OP20CJ/883C 
OP20CZ/883C 

OP21AJ/883C 

OP21AZ/883C 

OP21BJ/883C 

OP21BZ/883C 

OP21EP 

OP21FJ 

OP21GZ 

OP22AZ 

OP22BJ 

OP22BJ/883C 

OP22BZ 

OP22BZ/883C 

OP22FJ 

OP22HJ 

OP27BRC 

OP27CJ/883C 

OP27CZ/883C 

OP32BRC 

OP37BRC 
OP37CZ/883C 

OP207BY 
OP207BY/883C 

OP215AY 

OP21SAY/883C 

OP215BY 

OP215BY/883C 

OP215CJ 

OP215CY 

OP215CY/883C 

OP215CZ 

OP215EY 

OP215FY 

OP215GJ 

OP215GY 


SIMILAR  REPLACEMENT  —  OP16AJ 
SIMILAR  REPLACEMENT  —  OP16BZ/883C 
SIMILAR  REPLACEMENT  —  OP16BJ 
EXACT  REPLACEMENT  —  OP16BJ 
EXACT  REPLACEMENT  —  OP16BJ/883C 
SIMILAR  REPLACEMENT  —  OP16BJ 


SIMILAR  REPLACEMENT 
EXACT  REPLACEMENT  - 
SIMILAR  REPLACEMENT 
EXACT  REPLACEMENT  - 
SIMILAR  REPLACEMENT 
EXACT  REPLACEMENT  — 


-  OP17AJ 

-  OP17AJ 

-  OP17AJ 

-  OP17AJ/883C 

-  OP17CJ 
OP17BZ/883C 


SIMILAR  REPLACEMENT 

SIMILAR  REPLACEMENT 

SIMILAR  REPLACEMENT 

SIMILAR  REPLACEMENT 


—  OP20BJ 

—  OP20BZ 

—  OP20CJ 

—  OP20CZ 

—  OP21AJ 

—  OP21AZ 

—  OP21BJ 

—  OP21BZ 

—  OP21FP 

—  OP21FZ 

—  OP21GJ 

—  OP32AZ 

—  OP32BZ 

—  OP32BZ/883C 

—  OP32BZ 

—  OP32BZ/883C 

—  OP22FZ 

—  OP22HZ 

—  OP27BRC/883C 

—  OP27BJ/883C 

—  OP27BZ/883C 

EXACT  REPLACEMENT  —  OP32BRC/883C 


SIMILAR 
SIMILAR 
SIMILAR 
SIMILAR 
SIMILAR 
SIMILAR 
SIMILAR 

SIMILAR 
SIMILAR 
SIMILAR 
SIMILAR 
SIMILAR 
SIMILAR 
SIMILAR 


REPLACEMENT 
REPLACEMENT 
REPLACEMENT 
REPLACEMENT 
REPLACEMENT 
REPLACEMENT 
REPLACEMENT 

REPLACEMENT 
REPLACEMENT 
REPLACEMENT 
REPLACEMENT 
REPLACEMENT 
REPLACEMENT 
REPLACEMENT 


EXACT  REPLACEMENT 
EXACT  REPLACEMENT 
EXACT  REPLACEMENT 


EXACT  REPLACEMENT  - 
EXACT  REPLACEMENT  - 

EXACT  REPLACEMENT  ■ 
EXACT  REPLACEMENT  ■ 

SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT  - 
EXACT  REPLACEMENT  - 
SIMILAR  REPLACEMENT  - 
SIMILAR  REPLACEMENT  - 
EXACT  REPLACEMENT  - 
SIMILAR  REPLACEMENT  - 


—  OP37BRC/883C 

—  OP37BZ/B83C 

—  OP207AY 

—  OP207AY/883C 

—  OP215AZ 

—  OP215AZ/883C 

—  OP215BZ 

—  OP215BZ/883C 

—  OP215CZ 

—  OP2158Z 

—  OP215CZ/883C 
OP215BZ 
-  OP215EZ 

■  OP21SFZ 
OP215FJ 

■  OP215GZ 
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ORDERING 
INFORMATION 


Packaged  Products 

Part  Number   Alternate  Device  type 


OP220A27883C 

OP220BJ/883C 

OP220BZ 

OP220BZ/883C 

OP220CZ/883C 

OP220EJ 

OP220FJ 

OP220HJ 

OP220HZ 

OP221AJ 

OP221AJ/883C 

OP221A2/883C 

OP221BJ 

OP221BJ/883C 

OP221BZ 

OP221BZ/883C 

OP221CJ/883C 

OP221CZ 

OP221C27883C 

OP221EJ 

OP221FJ 

OP221FZ 

OP227BY 

OP227BY/883C 

OP227CV 

OP420CRC 

PM108AJ  . 

PM108ARC 

PM108AZ/883C 

PM108J 

PM10827883C 

PM117RC 

PM139ARC 

PM148Y/883C 

PM1SSARC 
PM1S5AZ 

PM1S6ARC 

PM1S7AJ 

PM208J 

PM3S7AJ 
PM3S7AZ 

PM725CJ 

PM725CP 

PM725CZ 

PM725J 

PM72SZ 

PM2108AQ 
PM2108AQ/883C 
PM2108Q 
PM2108Q/883C 


SIMILAR  REPLACEMENT 
EXACT  REPLACEMENT  - 
EXACT  REPLACEMENT  - 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 

SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
EXACT  REPLACEMENT  - 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 
EXACT  REPLACEMENT  - 

EXACT  REPLACEMENT  - 
EXACT  REPLACEMENT 
EXACT  REPLACEMENT  - 


-  OP220AJ/883C 
OP220AJ/883C 
OP220AZ 

-  OP220AJ/883C 

-  OP220CJ/883C 

-  OP220EZ 

-  OP220FZ 

-  OP220FZ 

-  OP220FZ 

-  OP221AZ 

-  OP221AZ 

-  OP221AZ 

-  OP221AZ 

-  OP221AZ 
OP221AZ 

-  OP221AZ 

-  OP221CJ 

-  OP221CJ 

-  OP221CJ 

-  OP221EZ 

-  OP221EZ 
OP221EZ 

OP227AY 

OP227AY/883C 

OP227AY 


EXACT  REPLACEMENT  —  OP420CRC/883C 


EXACT  REPLACEMENT  - 
EXACT  REPLACEMENT  - 
SIMILAR  REPLACEMENT  - 
EXACT  REPLACEMENT  - 
SIMILAR  REPLACEMENT  - 

EXACT  REPLACEMENT  — 

EXACT  REPLACEMENT  — 

EXACT  REPLACEMENT  - 

EXACT  REPLACEMENT 
SIMILAR  REPLACEMENT  - 

EXACT  REPLACEMENT  — 

EXACT  REPLACEMENT  — 

EXACT  REPLACEMENT  - 

EXACT  REPLACEMENT  — 
EXACT  REPLACEMENT  — 

SIMILAR  REPLACEMENT  - 
SIMILAR  REPLACEMENT  - 
SIMILAR  REPLACEMENT  - 
SIMILAR  REPLACEMENT  - 
SIMILAR  REPLACEMENT  - 

SIMILAR  REPLACEMENT  - 
SIMILAR  REPLACEMENT  - 
SIMILAR  REPLACEMENT  - 
SIMILAR  REPLACEMENT  - 


PM108AJ/883C 
PM108ARC/883C 

-  PM108AJ/883C 
PM108J/883C 

-  PM108J/883C 

PM111RC/883C 

PM139ARC/883C 

OP11BY/883C 

PM15SARC/883C 

-  PM155AJ 

PM156ARC/883C 

PM157AJ/883C 

PM208AJ 

PM1S7AJ/883C 
PM157AZ 

-  OP06 

-  OP06 

-  OP06 

-  OP06 

-  OP06 

-  PM2108AO2/38510 

-  PM2108AO2/38510 

-  PM2108AQ2/38510 

-  PM2106AQ2/38S10 


Packaged  Products 

Part  Number      Alternate  Device  Type 

PM4136RC  EXACT  REPLACEMENT  —  PM4136RC/883C 

REF01RC  EXACT  REPLACEMENT  -  REF01RC/883C 


REF02DJ 
REF02DZ 
REF02RC 

SMP11BRC 

SW02BQ 
SW02BQ/883C 

SW05BK 

SW05BK/883C 

SW05BY 

SW05BY/883C 

SWOSFK 

SW05FY 

SW05GP 

SW06BRC 
SW06GQ 

SW201BQ 
SW201FQ 

SW202BQ 
SW202BQ/883C 


EXACT  REPLACEMENT  -  REF02CJ 
EXACT  REPLACEMENT  -  REF02CZ 
EXACT  REPLACEMENT  —  REF02RC/883C 

EXACT  REPLACEMENT  -  SMP11BRC/683C 

SIMILAR  REPLACEMENT  -  SW01BQ 
SIMILAR  REPLACEMENT  —  SW01BQ/883C 


NOT  RECOMMENDED  FOR 
NOT  RECOMMENDED  FOR 
NOT  RECOMMENDED  FOR 
NOT  RECOMMENDED.  FOR 
NOT  RECOMMENDED  FOR 
NOT  RECOMMENDED  FOR 
NOT  RECOMMENDED  FOR 

EXACT  REPLACEMENT  - 
SIMILAR  REPLACEMENT 

SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 

SIMILAR  REPLACEMENT 
SIMILAR  REPLACEMENT 


NEW 
NEW 
NEW 
NEW 
NEW 
NEW 
NEW 


DESIGNS 
DESIGNS 
DESIGNS 
DESIGNS 
DESIGNS 
DESIGNS 
DESIGNS' 


SW06BRC/883C 

-  SW06GP 

-  SW06BQ 

-  SW201GP 

-  SW06BQ 

-  SW06BQ/883C 


SW202FQ 

SIMILAR 

REPLACEMENT 

SW202GP 

Dice  Products 

Part  Number 

Alternate  Device  Type 

AMP01GAC 

SIMILAR 

REPLACEMENT 

AMP01GBC 

AMP01NAC 

SIMILAR 

REPLACEMENT 

AMP01NBC 

BUF03GAC 

SIMILAR 

REPLACEMENT 

BUF03GBC 

BUF03NAC 

SIMILAR 

REPLACEMENT 

BUF03NBC 

CMP01GRAC 

SIMILAR 

REPLACEMENT 

CMP01GRBC 

CMP01NAC 

SIMILAR 

REPLACEMENT 

CMP01NBC 

CMP02GRAC 

SIMILAR 

REPLACEMENT 

CMP02GRBC 

CMP02NAC 

SIMILAR 

REPLACEMENT 

CMP02NBC 

CMP04GAC 

SIMILAR 

REPLACEMENT 

CMP04GBC 

CMP04NAC 

SIMILAR 

REPLACEMENT 

CMP04NBC 

DAC01GAC 

SIMILAR 

REPLACEMENT 

DAC01GBC 

DAC01NAC 

SIMILAR 

REPLACEMENT 

DAC01NBC 

DAC02GAC 

SIMILAR 

REPLACEMENT 

DAC02GBC 

DAC02NAC 

SIMILAR 

REPLACEMENT 

DAC02NBC 

DAC08GAC 

SIMILAR 

REPLACEMENT 

DAC08GBC 

DACOSGRAC 

SIMILAR 

REPLACEMENT 

DAC08GRBC 

DAC08GTAC 

SIMILAR 

REPLACEMENT 

DAC08GTBC 

DAC08NAC 

SIMILAR 

REPLACEMENT 

DAC08NBC 

DAC08NTAC 

SIMILAR 

REPLACEMENT 

DAC08NTBC 

DAC10GAC 

SIMILAR 

REPLACEMENT 

DAC10GBC 

DAC10NAC 

SIMILAR 

REPLACEMENT 

DAC10NBC 
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Alternate  Device  Type 

DAC20QAC 

SIMILAR 

REPLACEMENT 

DAC20GBC 

DAC210GAC 

SIMILAR 

REPLACEMENT 

DAC210GBC 

DAC210GRAC 

SIMILAR 

REPLACEMENT 

DAC210GRBC 

lUM  ML/ 

SIMILAR 

REPLACEMENT 

DAC210NBC 

SIMILAR 

REPLACEMENT 

DAC312GBC 

OAC312NAC 

SIMILAR 

REPLACEMENT 

DAC312NBC 

DAC888GAC 

SIMILAR 

REPLACEMENT 

DAC888GBC 

DAC888NAC 

SIMILAR 

REPLACEMENT 

DAC888NBC 

SIMILAR  REPLACEMENT  - 

-  DAC1408A— GBC 

DMX88GBC 

SIMILAR 

REPLACEMENT 

— 

MUX88GBC 

DMXS8NBC 

SIMILAR 

REPLACEMENT 

MUX88NBC 

GAP01NAC 

SIMILAR 

REPLACEMENT 

— 

PKD01NBC 

GAP01NBC 

SIMILAR 

REPLACEMENT 

— 

PKD01NBC 

MATCH  N  AC 

SIMILAR 

REPLACEMENT 

MAT01NBC 

MAI  U£PJAL» 

SIMILAR 

REPLACEMENT 

— 

MAT02NBC 

MUX08GAC 

SIMILAR 

REPLACEMENT 

- 

MUX08GBC 

MUX08NAC 

SIMILAR 

REPLACEMENT 

— 

MUX08NBC 

MUX08NTAC 

SIMILAR 

REPLACEMENT 

MUaUoNTdC 

MUX16GAC 

SIMILAR 

REPLACEMENT 

— 

MUX16GBC 

MUX16GTAC 

SIMILAR 

REPLACEMENT 

— 

MUX16GTBC 

MUX16NAC 

SIMILAR 

REPLACEMENT 

— 

MUX16NBC 

MUX16NTAC 

SIMILAR 

REPLACEMENT 

— 

MUX16NTBC 

MUX24GAC 

SIMILAR 

REPLACEMENT 

— 

MUX24GBC 

MUX24NAC 

SIMILAR 

REPLACEMENT 

— 

MUX24NBC 

MUX24NTAC 

SIMILAR 

REPLACEMENT 

— 

MUX24NTBC 

MUX28GAC 

CIMM  AD 

HCrLMOCfvlClN  1 

MUX28GTAC 

RFPI  Af^PMPKIT 

Ml  IX3flfiTRP 

MUX28NAC 

SIMILAR 

REPLACEMENT 

MUX28NBC 

MUX28NTAC 

SIMILAR 

REPLACEMENT 

MUX26NTBC 

OP01GAC 

SIMILAR 

REPLACEMENT 

OP01GBC 

OP01GRAC 

SIMILAR 

REPLACEMENT 

OP01GRBC 

OP01GTAC 

SIMILAR 

REPLACEMENT 

OP01GTBC 

OP01NAC 

SIMILAR 

REPLACEMENT 

OP01NBC 

OP01NTAC 

SIMILAR 

REPLACEMENT 

OP01NTBC 

OP02GAC 

SIMILAR 

REPLACEMENT 

OP02GBC 

OP02GRAC 

SIMILAR 

REPLACEMENT 

OP02GRBC 

OP02GTAC 

SIMILAR 

REPLACEMENT 

OP02GTBC 

OP02NAC 

SIMILAR 

REPLACEMENT 

OP02NBC 

OP02NTAC 

SIMILAR 

REPLACEMENT 

OP02NTBC 

SIMILAR 

REPLACEMENT 

OP04GBC 

OP04NAC 

SIMILAR 

REPLACEMENT 

OP04NBC 

OP05GAC 

SIMILAR 

REPLACEMENT 

OPOSGBC 

OP05GRAC 

SIMILAR 

REPLACEMENT 

OP05GRBC 

OPOSGTAC 

SIMILAR 

REPLACEMENT 

OPOSGTBC 

OP05NAC 

SIMILAR 

REPLACEMENT 

OP05NBC 

OP05NTAC 

SIMILAR 

REPLACEMENT 

OPOSNTBC 

OP06GAC 

SIMILAR 

REPLACEMENT 

OP06GBC 

OP06GRAC 

SIMILAR 

REPLACEMENT 

OP06GRBC 

OP06GTAC 

SIMILAR 

REPLACEMENT 

OP06GTBC 

OP06NAC 

SIMILAR 

REPLACEMENT 

OP06NBC 

OP06NTAC 

SIMILAR 

REPLACEMENT 

OPOSNTBC 

ORDERING 
INFORMATION 


Dice  Products 


Part  Number 

Alternate  Device  Type 

OP07GAC 

SIMILAR 

REPLACEMENT 

- 

OP07GBC 

UrU/UHAV/ 

SIMILAR 

REPLACEMENT 

— 

UP07GRDC 

OP07GTAC 

SIMILAR 

REPLACEMENT 

— 

OP07GTBC 

OP07NAC 

SIMILAR 

REPLACEMENT 

— 

OP07NBC 

OP07NTAC 

SIMILAR 

REPLACEMENT 

OP07NTBC 

OP08GAC 

SIMILAR 

REPLACEMENT 

- 

OPOBGBC 

KJ  rUOO  Mn^ 

SIMILAR 

REPLACEMENT 

OP08GTAC 

SIMILAR 

REPLACEMENT 

— 

OPOSGTBC 

OP08NAC 

SIMILAR 

REPLACEMENT 

— 

OP08NBC 

OP08NTAC 

SIMILAR 

REPLACEMENT 

OPOSNTBC 

OP09GRAC 

SIMILAR 

REPLACEMENT 

— 

OP09GRBC 

UrUOU  1  ML/ 

SIMILAR 

REPLACEMENT 

— 

OPOSNAC 

SIMILAR 

REPLACEMENT 

OP09NBC 

OP09NTAC 

CI1JM  AD 

RPPI  ACPMFMT 

OP09NTBC 

riPn^Af* 

Ur  1 1  Onu 

SIMILAR 

REPLACEMENT 

— 

OP11GRAC 

SIMILAR 

REPLACEMENT 

— 

OP11GRBC 

OP11GTAC 

SIMILAR 

REPLACEMENT 

— 

OP11GTBC 

OP11NAC 

SIMILAR 

REPLACEMENT 

OP11NBC 

OP11NTAC 

ciMII  AR 

RPPI  APPMPNT 

OP11NTBC 

rtDlOftAf* 

UrVvaAO 

SIMILAR 

REPLACEMENT 

— 

OP12GBC 

0P12GRAC 

SIMILAR 

REPLACEMENT 

— 

OP12GRBC 

OP12GTAC 

SIMILAR 

REPLACEMENT 

— 

OPA2GT6C 

OP12NAC 

SIMILAR 

REPLACEMENT 

— 

OP12NBC 

OP12NTAC 

QIMII  AD 

DPPI  Af*PMPMT 

OP12NTBC 

SIMILAR 

REPLACEMENT 

— 

UPT4GBC 

OP14GRAC 

SIMILAR 

REPLACEMENT 

— 

OP14GRBC 

OP14NAC 

SIMILAR 

REPLACEMENT 

— 

OP15GAC 

SIMILAR 

REPLACEMENT 



OP15GBC 

OP15GRAC 

SIMILAR 

REPLACEMENT 

— 

OPT5GRBC 

OP15GTAC 

SIMILAR 

REPLACEMENT 

— 

OP15GTBC 

OP1SNAC 

SIMILAR 

REPLACEMENT 

— 

QP1SNRC 

wr  IwllDw 

OP1SNTAC 

SIMILAR 

REPLACEMENT 

— 

OPISNTRf 
vr  101^1 1  Dw 

OP16GAC 

SIMILAR 

REPLACEMENT 

— 

OP16GBC 

Ur  lOOnnLy 

SIMILAR 

REPLACEMENT 

— 

UrlDunDLf 

vr  iou  mw 

SIMILAR 

REPLACEMENT 

— 

Ur  IQVa  I  0\s 

SIMILAR 

REPLACEMENT 

— 

UrlDPJDO 

r)P1fiklTAr* 
Ur  ION  I  MO 

SIMILAR 

REPLACEMENT 

tODICKtrar* 
\JrlON  I  DU 

OP17GAC 

SIMILAR 

REPLACEMENT 

— 

OP17GBC 

SIMILAR 

REPLACEMENT 

— 

f^onr*  oar 
(JrlruriDLy 

Ur  1 1 0  IMO 

SIMILAR 

REPLACEMENT 

Url/ljl  Du 

SIMILAR 

REPLACEMENT 

Ur  If  IN  DO 

0P17NTAC 

SIMILAR 

REPLACEMENT 

OPt7NTBC 

OP20GAC 

SIMILAR 

REPLACEMENT 

OP20GBC 

OP20GRAC 

SIMILAR 

REPLACEMENT 

OP20GRBC 

OP20NAC 

SIMILAR 

REPLACEMENT 

OP20NBC 

OP21GAC 

SIMILAR 

REPLACEMENT 

OP21GBC 

OP21GRAC 

SIMILAR 

REPLACEMENT 

OP21GRBC 

0P21GTAC 

SIMILAR 

REPLACEMENT 

OP21GTBC 

OP21NAC 

SIMILAR 

REPLACEMENT 

OP21NBC 

OP21NTAC 

SIMILAR 

REPLACEMENT 

OP21NTBC 

OP22GAC 

SIMILAR 

REPLACEMENT 

OP22GBC 

OP22GRAC 

SIMILAR 

REPLACEMENT 

OP22GRBC 

OP22NAC 

SIMILAR 

REPLACEMENT 

OP22NBC 
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ORDERING 
INFORMATION 


Dice  Products 


Part  Number 

Alternate  Device  type 

OP27GAC 

SIMILAR 

OP27GBC 

OP27GRAC 

SIMILAR 

REPLACEMENT 

_ 

OP27GRBC 

OP27GTAC 

SIMILAR 

REPLACEMENT 



OP27GTBC 

OP27NAC 

SIMILAR 

REPLACEMENT 



OP27NBC 

OP27NTAC 

SIMILAR 

REPLACEMENT 



OP27NTBC 

OP32GAC 

SIMILAR 

RFPJ  APFMFNT 

OP32GBC 

OP32GRAC 

SIMILAR 

REPLACEMENT 

OP32GRBC 

OP32NAC 

SIMILAR 

REPLACEMENT 



OP32NBC 

OP37GAC 

SIMILAR 

REPLAHFMFNT 

OP37GBC 

OP37GRAC 

SIMILAR 

REPLACEMENT 

OP37GRBC 

OP37NAC 

SIMILAR 

REPLACEMENT 



OP37NBC 

OP50GAC 

QIMILAR 

RFPLAfiFMFNT 

OP50GBC 

SIMILAR 

REPLACEMENT 



\Jrl /uBL> 

OP77NAC 

SIMILAR 

REPLACEMENT 

OP77NBC 

OP215GAC 

SIMILAR 

REPLACEMENT 

— 

OP215GBC 

SIMILAR 

REPLACEMENT 

Ur£l3unDU 

OP215GTAC 

SIMILAR 

REPLACEMENT 

OP215GTBC 

OP215NAC 

SIMILAR 

o  i  ivi  i  L*m» 

REPLACEMENT 

OP215NBC 

OP215NTAC 

SIMILAR 

REPLACEMENT 

z 

OP215NTBC 

OP220GAC 

SIMILAR 

REPLACEMENT 

OP220GBC 

OP220GRAC 

SIMILAR 

REPLACEMENT 

OP220GRBC 

OP220NAC 

SIMILAR 

REPLACEMENT 

OP220NBC 

OP221GAC 

SIMILAR 

REPLACEMENT 

OP221GBC 

OP221GRAC 

SIMILAR 

REPLACEMENT 

OP221GRBC 

OP221NAC 

SIMILAR 

REPLACEMENT 

OP221NBC 

OP420GAC 

SIMILAR 

REPLACEMENT 

OP420GBC 

OP42CGRAC 

SIMILAR 

REPLACEMENT 

OP420GRBC 

OP42CNAC 

SIMILAR 

REPLACEMENT 

OP420NBC 

OP421GAC 

SIMILAR 

REPLACEMENT 

OP421GBC 

OP421GRAC 

SIMILAR 

REPLACEMENT 

OP421GRBC 

OP421NAC 

SIMILAR 

REPLACEMENT 

OP421NBC 

PKD01NAC 

SIMILAR 

REPLACEMENT 

PKD01NBC 

Dice  Products 

Part  Number 

Alternate  Device  Type 

PM562GAC 

SIMILAR 

REPLACEMENT 

PM562GBC 

REF01GAC 

CIMIf  AD 

nCrLALrCMCIN  1 

REF01GBC 

REF01GTAC 

SIMILAR 

REPLACEMENT 

REF01GTBC 

REF01NAC 

SIMILAR 

REPLACEMENT 

_ 

REF01NBC 

ntrUliN  IAO 

SIMILAR 

REPLACEMENT 

ntrUlN  1  Dlr 

REF02GAC 

SIMILAR 

REPLACEMENT 

REF02GBC 

REF02G  1AC 

SIMILAR 

REPLACEMENT 

D  c  crvmTQ 
KbrUZo  1 DU 

REF02NAC 

SIMILAR 

REPLACEMENT 

REF02NBC 

REF02NTAC 

SIMILAR 

REPLACEMENT 

REF02NTBC 

SMP10GAC 

SIMILAR 

REPLACEMENT 

SMP10GBC 

SMP10NAC 

SIMILAR 

REPLACEMENT 

SMP10NBC 

SMPiluAG 

SIMILAR 

REPLACEMENT 

SMP11GBC 

SMP11 NAC 

SIMILAR 

REPLACEMENT 

SMP11NBC 

SW01 GAO 

SIMILAR 

REPLACEMENT 

SW01GBC 

SW01NAC 

SIMILAR 

REPLACEMENT 

SW01NBC 

oWUZuAls 

SIMILAR 

REPLACEMENT 

SW02GBC 

SW02NAC 

SIMILAR 

REPLACEMENT 

SW02NBC 

NOT  RECOMMENDED  FOR  NEW  DESIGNS 

SW05GBC 

NOT  RECOMMENDED  FOR  NEW  DESIGNS 

SW05NBC 

NOT  RECOMMENDED  FOR  NEW  DESIGNS 

SW06GAC 

SIMILAR 

REPLACEMENT 

SW06GBC 

SW06NAC 

SIMILAR 

REPLACEMENT 

SW06NBC 

SW201GAC 

SIMILAR 

REPLACEMENT 

SW201GBC 

SW201NAC 

SIMILAR 

REPLACEMENT 

SW201NBC 

SW202GAC 

SIMILAR 

REPLACEMENT 

SW202GBC 

SW202NAC 

SIMILAR 

REPLACEMENT 

SW202NBC 

SW7510GAC 

SIMILAR 

REPLACEMENT 

SW7510GBC 

SW7510NAC 

SIMILAR 

REPLACEMENT 

SW7510NBC 

SW7511GAC 

SIMILAR 

REPLACEMENT 

SW7511GBC 

SW7511NAC 

SIMILAR 

REPLACEMENT 

SW7511NBC 
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ASSURANCE 


INTRODUCTION 

PMI  has  long  been  recognized  as  a  High  Quali- 
ty/Reliability supplier  of  Commercial,  Industrial 
and  Military/ Aerospace  Products.  The  PMI  Pro- 
duct Assurance  Department  plays  a  vital  role  in 
controlling  processes  to  ensure  the  manufacture 
of  highly  reliable,  cost-effective  product,  and 
to  make  certain  that  all  pertinent  customer 
specifications  and  requirements  are  met. 

ORGANIZATION 

Product  Assurance  Department  of  PMI  is  com- 
posed of  four  functional  departments:  Process 
Quality  Control,  Quality  Assurance,  Reliability, 
and  Program  Management. 

RESPONSIBILITIES 

Process  Control  —  The  primary  responsibility  of 
the  Process  Control  Department  is  to  establish 
and  maintain  effective  controls  over  process 
integrity  by  monitoring  manufacturing  processes 
and  equipment  operation;  to  provide  real-time  feed- 
back of  information  concerning  the  status  of 
these  controls;  and  to  initiate  statistically 
valid  techniques  to  further  improve  quality  and 
reliability  levels.  These  concepts  are  used 
extensively  throughout  all  manufacturing 
processes. 

Quality  Assurance  (Standard  and  Mil/ Aero)  —  The 
primary  responsibility  of  the  Quality  Assurance 
Department  is  to  assure  that  the  delivered  pro- 
duct meets  PMI  or  Customer  Product  Standards 
of  reliability  and  quality.  Process  monitors  and 
gate  inspections  are  designed  so  that  all  devices 
are  properly  tested  and  required  sample  tests  are 
performed  prior  to  shipment.  Inspection  records 
and  reports  concerning  monitor  and  inspection 
data  keep  all  cognizant  personnel  fully  informed 
about  the  status  of  the  quality  level  of  products 
going  through  final  test  operations. 

Reliability  —  The  Reliability  Department  assures 
a  high  and  consistent  reliability  of  PMI  products. 
The  Reliability  Department  establishes,  defines, 
and  maintains  evaluation  programs  to  deter- 
mine process/product  reliability.  The  Reliability 
Department  will  issue  periodic  reports  on  the 
results  of  all  evaluation  testing.  Contact  the 
nearest  PMI  Sales  Office  or  the  Literature 


Department  for  the  latest  issue  of  the  PMI  Relia- 
bility Bulletin. 

The  Reliability  Department  also  performs  failure 
analyses  as  required. 

Program  Management  —  The  primary  responsi- 
bility of  the  Program  Management  Department 
is  to  ensure  that  the  MIL-M-38510  JAN  Program 
and  other  special  customer  program  requirements 
are  met.  This  is  accomplished  by  monitoring  the 
in-house  procedures  used  to  define  each  pro- 
cess step  of  a  particular  program.  If  necessary, 
baselining  documentation  is  written  detailing 
specific  procedures  and  processing  flows.  A 
Configuration  Control  System  consisting  of 
maintenance  of  PMI  standard  baselining  for 
each  device  type,  as  well  as  notification  to  cus- 
tomers of  major  process  and  product  changes, 
are  also  responsibilities  of  this  group. 

Contact  the  nearest  PMI  Sales  Office  or  the  Liter- 
ature Department  for  a  copy  of  the  comprehen- 
sive PMI  Product  Assurance  Manual. 

QUALITY  LEVELS 

PMI  processes  to  stringent  quality  standards. 
Quality  guarantees  range  from  parts-per-mil- 
lion  on  Standard  Product  to  imposed  Quality 
Levels  dictated  by  customer  specification  on 
custom  orders. 

Current  information  on  Quality  Levels  is 
available  upon  request;  contact  the  nearest  PMI 
Sales  Office  or  the  Literature  Department. 

PROCESSING 

The  cornerstone  of  the  manufacturing  of  PMI 
hermetic  products  is  the  strict  adherence  to  all 
requirements  of  the  latest  revision  of  MIL-STD- 
883,  Level  B,  for  our  "883"  product  line.  PMI  is 
also  a  leading  producer  of  devices  processed  to 
Level  S  requirements  —  contact  your  PMI  sales 
office  to  discuss  your  application. 

The  manufacture  of  plastic  devices  is  inherently 
different  from  hermetic  in  the  area  of  assembly. 
Automation  of  the  assembly  line  has  produced  a 
tightly  process-controlled  product  that  requires 
few  interim  inspections  from  wafer  fabrication  to 
pre-mold  visual.  Plastic  product  may  also  be 
obtained  with  a  burn-in  (Bl)  option  (see  Section 
2,  Ordering  Information  for  further  details). 
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DATA  SHEET  SPECIFICATIONS 

PMI  standard  product  is  guaranteed  to  meet  the 
published  limits  under  the  test  conditions  shown 
in  the  data  sheet.  Where  practical,  PMI  performs 
100%  testing  of  the  indicated  parameters; 
however,  following  accepted  industry  practice, 
certain  parameters  may  be  guaranteed  by 
sample  testing  or  by  using  design  and/or 
characterization  data. 

PMI  provides  separate  data  sheets  for  all  "883" 
products  in  strict  conformance  with  MIL-STD- 
883,  Method  5005.8  and  MIL-M-38510F, 
Appendix  B.  Interim  Electrical  Test  Parameters 
(pre-burn-in),  Final  Electrical  Test  Parameters, 
Group  A  Test  Parameters,  and  guidelines  used 
for  PDA  calculations,  are  all  detailed  in  tabular 
form  on  the  "883"  data  sheets. 

We  recommend  that  the  "883"  data  sheet  be 
used  as  a  baseline  for  new  military  or  aerospace 
Source  Control  Drawings.  Consult  your  sales 
representative  to  obtain  these  "883"  data  sheets. 

TESTING 

Testing  of  electrical  parameters  is  generally 
performed  using  pulse  testing  techniques  on 
automated  test  equipment.  Unless  otherwise 
specified,  chip  temperature  remains  close  to  the 
ambient  temperature. 

PROCESS  CHANGE  NOTIFICATION 

PMI  reviews  all  process,  product,  and  package 
changes  for  possible  impact  on  form,  fit,  or 
function.  All  major  changes  are  submitted  for  a 
re-qualification,  which  may  include  electrical, 
mechanical,  and/or  thermal  characterization. 
Where  applicable,  reliability  re-qualification  is 
performed. 


Upon  completion  of  this  internal  re-qualifi- 
cation, PMI  informs  all  customers  who  have 
requested  process  change  notification  with  a 
complete  description  of  the  change,  along  with 
applicable  reliability  or  characterization  data. 
Upon  request,  PMI  will  assist  customers  in  their 
internal  re-qualification  effort. 

STANDARD  PROCESS  FLOWS 

(JAN  38510.  Class  B.  883  Class  B:  PMI  Industrial/Commercial) 
Die  Fabrlcallon 


Incoming  Inspection  of  all  critical  raw  materials  used  In  fabrication  |l.e  waters, 
masks,  dopant,  chemicals). 


Scanning  electron  microscope/x-ray  dlsbursive  system  controls  oxide  profiles, 
diflusion  profiles  end  metallization  integrity. 


Die  son  —  automated  electrical  test  at  room  or  elevated  temperature  as  required. 


Die  preparation  —  water  saw 


Die  sort  visual 


To  AiMmbly: 

Htrmelic  Plaillc 

* 

t 

SBmiautomalic  die  attach 
(eutectlc) 

Aulomalic  die  attach  (epoxy) 

* 

t 

Semiautomatic  banding 
{aluminum  wirei 

Automatic  bonding  igold  wire) 

1 

1 

Flows  1, 2. 3 

Pm-mold  visual 

1 

Continued  on  facing  page 

Plastic  molding 

Post-mold  cure 


Temperature  cycle 


Electrical  (est  (Flow  4) 


Continued  on  facing  page. 
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Bowl 
MIL-STD-883 
METHOD  5004  CLASS  B/ 
JAN  385(0 
I 


Preseal  Internal 
visual  Method  2010 
Condition  B 


QA  Sample 
tnspeclkm 


Stabilization  Bake 
Method  1008 
Condition  C  (24  Krs.) 


Temperature  Cycling 
Method  W0 
Condition  C 


Constant  Acceleration 

Method  2001 
Condition  E  ¥t  Plane 


Seal  Method 
1014 
Condition  A,  a  C 


Electrical  Test 
*25'C 


Bum-In  Test 
Method  1015  Cond.B 


Rnal  Electrical  Test 
ot+25'C 


Static  Test 
Mln/Max 
Temperatures 


Dynamic  Tests  and 
Switching  Tests 
at+2S'C 


GfoupA 
Method  5005 


External  visual 
Method  2009 


Quality  Conformance 
Inspection 
Pet  Mll-M-38510 


OA  Plant 
Clearance 


Row2 
Mll-STD-883 
METHOD  5004  CLASS  B 
(See  Note  1) 

I 


Preseal  Internal 
visual  Method  2OI0 
Condition  B 


QA  Sample 
Inspection 


StablUtaflon  Bake 
Method  1008 
Condition  C  (24  Krs.) 


Temperature  Cycling 
Method  1010 
Condition  C 


Constant  Acceleration 

Method  2001 
Condition  E  VI  Plane 


Seal  Method 
10M 
Condition  A,  »C 


Electrical  Test 
+25*  C 


Burn-In  Test 
Method  1015  Cond.B 


Rnal  Electrical  Test 
at+2S*C 


Static  Test 
Mln/Max 
Temperatures 


Dynamic  Tests  And 
Switching  Tests 
at+25*C 


Group  A 
Method  5005 


External  Visual 
Method  2009 


Quality  Conformance 
Periodic  Inspection 


OA  Plant 
Clearance 


PMI  STANDARD 
HERMETIC  DEVICES 


Preseal  Internal 
Visual  Method  20t0 
Condition  B 


QA  Sample 
Inspection 


Stabilization  Bake 
Method  1008 
Condition  C  (24  Hrs.) 


TemperatL 
Methc 
Condi 

rre  Cycling  1 
id  ion  ■ 
tlonC  | 

Seal  Method  I 

1014  I 

Condition  A,  etc  | 

Electrical  Test 
+25-C  (Optional) 


Bum-ln  Test 
Multl-Opllon 


Rnal  Electrical  Test 
at+25#C 


PMI  STANDARD 
PLASTIC  DEVICES 


Electrical  Test 
+25-C  (Optional) 


Bum-In  Test 
Multi-Option 


Rnal  Electrical  Test 
at+25'C 


(SmMo**3) 

I 


NOTES: 

1.  tm^pr^o^bassombteoytostedpw 

montt  of  Mtl-M-MMO  and  MIL-STD-883.  Rev.  C.  Ctost 
8.  oi  won  o*  totted  per  PMI  electrical  (est  programs. 
PDA  -  5%  @  2VC  (Subgroup  1). 
Note:  Cn-house  test  ipeciAcatJons  are  available  upon 


2.  standard  product  it  available  with,  bum-ln  options. 
Muttlpte  burrvtn  conditions  are  available. 

3.  Standard  product  Es  tested  at  25*C  with  programs 
guard  banded  (or  aP  temperatures. 

4.  As  required  by  derailed  spectfrccfton. 


Sample  lest 
at+iS^C 


Sample  Test 
at+2VC 


Externa 
Motto 

Visual  1 

QA  Plant  1 

Clearance  I 

Externa 
PMISto 

VUual  1 
ndard  ■ 

QA  Plant  1 
Clearance  1 

Country  of  Origin  Assembly  Codes:  United  States  =  S.  Korea  =  K,  Philippines  =  D.  Puerto  Rico  -  P 
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Direct  Replacement 


AMD  4-3 

Analog  Devices   4-3 

Bun  Brown  4-5 

Exar  4-5 

Fairchild  : .  4-5 

Harris  4-6 

Intersil  4-7 

Linear  Technology  4-7 

Maxim  ;   4-9 

Micropower  4-10 

Motorola  4-12 

National  4-13 

NEC  4-15 

RCA  4-15 

Raytheon  4-16 

Signetics  4-17 

Siliconix  .4-18 

Teledyne  4-18 

TI  4-18 


Functional  Replacement 


Analog  Devices   4-19 

Burr  Brown  4-19 

Exar  4-19 

Fairchild   .4-19 

Harris  ...4-19 

Intersil  4-20 

Linear  Technology  4-20 

Maxim  4-21 

Motorola  4-21 

National  4-22 

RCA  4-22 

Signetics  4-23 

Siliconix  4-23 

Teledyne  4-23 

TI  4-23 
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ANALOG 

AMAI  f\f* 

AN  ALU  (a 

AMD 

PMI 

DEVICES 

PMI 

DEVICES 

Am140BL6 

DAC1408A-6Q 

AD542LH 

0P41EJ 

AD7524AD 

Am1408L7 

DAC1408A-7Q 

AD542SH 

0P41BJ 

AD7524AQ 

Am1408L8 

DAC1408A-8Q 

AD6012N 

DAC312FR 

AD7524BD 

Am1408N6 

DAC14(JoA-oP 

AD611JH 

0P15FJ 

AD7524BQ 

Am1408N7 

DAC1408A-7P 

ADS11KH 

0P15EJ 

AD7524CD 

Am1408N8 

DAC1408A-8P 

AD7224BQ 

PM7224FX 

AD7524CQ 

Am1S08L8 

DAC1508A-8Q 

AD7224CQ 

PM7224EX 

AD7524JN 

Am6012ADC 

DAC312ER 

AD7224KN 

PM7224HP 

AD7524JP 

Am6012DM 

DAC312BR 

AD7224TD 

PM7224BX 

AD7524KP 

Am6012PC 

DAC312FR 

AD7224UD 

PM7224AX 

AD7524LN 

AD7226BCHIPS 

PM7226GBC 

AD7524SD 

AD7226BQ 

PM7226FR 

AD7524SD/883 

ANALOG 

AUl  ££Or\IN 

DM700CLJD 

AU(  0£4oU/00o 

UCVll/CS> 

DUI 
r  Ml 

AD7226KP 

PM7226HPC 

AD7524TD 

AD101A 

OP77+ 

AD7226TE/883 

PM7226BRC/883 

AD7S24TD/883 

AD1408-7D 

DAC1408-7Q 

AD7226TQ 

PM7226BR 

AD7524TQ 

AD1408-8D 

DAC1408-8Q 

AD7226TQ/883 

PM7226BR/883 

AD7524TQ/883 

AD1408-9D 

DAC08HQ+ 

AD741CH 

OP02DJ+ 

AU(S)£4UU 

AD1508-8D 

DAC1508-8Q 

I  IVI  /*♦  1  LyJ 

AD7524UD/883 

AD1508-9D 

DAC08AQ+ 

AD741CN 

OP02DP+ 

AD7524UQ 

AD201A 

OP77+ 

AD741H 

PM741J 

AD7524UQ/883 

AD301A 

OP77+ 

AD741H 

OP02BJ+ 

AD7528ACHIPS 

AD503JH 

OP41FJ+ 

AD741JH 

OP02J+ 

AD7528AQ 

AD503KH 

OP41FJ+ 

MUfHl  JIN 

■"■DnOf*D4- 
UrUtLrt 

AD7528BO 

AD503SH 

OP41BJ+ 

AD741KH 

OP02CJ+ 

AD7528CQ 

AD504JH 

OP05CJ+ 

AD741KN 

OP02CP+ 

AD7528JN 

AD504KH 

OP05CJ+ 

AD741LH 

OP02EJ+ 

AD7528JP 

AD504LH 

OP05EJ+ 

AD741LN 

OP02EP+ 

AD504MH 

OP05AJ+ 

UrVfiJT 

AD7528KP 

AD504SH 

OP05AJ+ 

AD7510DIJQ 

SW7510EQ 

AD7528LN 

AD506JH 

OP41FJ+ 

AD7510DIKQ 

SW7510FQ 

AD7528SD 

ADS06KH 

OP41FJ+ 

AD7510DISQ 

SW7510AQ 

AD7528SD/883 

AD506LH 

0P41EJ+ 

AD7511DIJQ 

SW7511EQ 

AD7528SE/883 

AD506SH 

OP41BJ+ 

cunci  -i  cr\ 
oW/olirU 

MLS 1 

AD510JH 

OP77FJ+ 

AD7511DISQ 

SW7511AQ 

AD7528SQ/883 

AD510KH 

OP77EJ+ 

AD7511DITQ 

SW7511BQ 

AD7528TD 

AD510LH 

OP77EJ+ 

AD7520JD 

PM7533FQ+ 

AD7528TD/883 

AD510SH 

OP77AJ+ 

AD7520JN 

PM7533HP+ 

AD7528TE/883 

AD517JH 

OP77FJ+ 

AD7520KD 

PM7533FQ 

AD7528TQ 

AD517KH 

OP77EJ+ 

AD7520KN 

PM7533HP 

AD7528TQ/883 

AD517LH 

OP77EJ+ 

AD7520LD 

PM7533EQ 

AD7528UD 

AD517SH 

OP77AJ+ 

AD7520LN 

PM7533GP 

AD7528UD/883 

AD518JH 

OP42FJ 

AD7520SD 

PM7533BQ+ 

AD7530JD 

AD518JN 

OP42FZ 

AD7520SD/883 

PM7533BQ/883+ 

AD7530JN 

AD518KH 

OP42FJ 

AD7520TD 

PM7533BQ 

AD7530KD 

AD518KN 

OP42FZ 

AD7520TD/883 

PM7533BQ/883 

AD7530KN 

AD518SH 

OP42AJ 

AD7520UD 

PM7533AQ 

AD7530LD 

AD542JH 

OP41FJ 

AD7520UD/883 

PM7533AQ/883 

AD7530LN 

AD542KH 

OP41FJ 

AD7521JD 

PM7541FX+ 

AD7531JD 

PMI 

PM7524FQ+ 
PM7524FQ+ 
PM7524FQ 
PM7524FQ 
PM7524EQ 

PM7524EQ 
PM7524HP+ 
PM7524HPC+ 
PM7524HP 
PM7524HPC 

PM7524GP 
PM7524BQ+ 
PM7524BQ/883+ 
PM7524BQ/883+  ^ 


U 


ui 
oi 
to 

§ 


D 
Q 
2 


PM7524BQ 

PM7524BQ/883 
PM7524BQ 
PM7524BQ/883 
PM7524AQ 
PM7524AQ/883 

PM7524AQ 
PM7524AQ/883+  >-> 
PM7528GBC 
PM7528FR+ 
PM7528FR+ 

PM7528ER 
PM7528HP+ 
PM7528HPC+ 
PM7528HP 
PM7528HPC 

PM7528GP 
PM7528BR+ 
PM7528BR/883+ 
PM7528BRC/883+ 
PM7528BR+ 

PM7528BR/883+ 
PM7528BR 
PM7528BR/883 
PM7528BRC/883 
PM7528BR 

PM7528BR/883 
PM7528AR 
PM7528AR/883 
PM7533FQ+ 
PM7533HP+ 

PM7533FQ 
PM7533HP 
PM7533EQ 
PM7533GP 
PM7541FX+ 


+Direct  pin-lor-pin  replacement  with  improved  specifications. 
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ANALOG 

ANALOG 

ANALOG 

nnnive 
DEVICES 

PMI 

r  Ml 

PUI 

AD7S21JN 

PM7541HP+ 

AD7S41ATD/883 

PM7541AAX/883+ 

AD7545TQ 

PM7545BR 

AD7521KD 

PM7541FX+ 

AD7S41BD 

PM7541EX 

AD7545TQ/883 

PM7545BR/683 

AD7521KN 

PM7541HP+ 

AD7S41JN 

PM7541HP 

AD7S4SUD 

PM7545BR+ 

AD7521LD 

PM7541FX+ 

AD7541KN 

PM7541GP 

AD7545UD/883 

PM7545BR/883+ 

AD7521 LN 

PM7S41 HP+ 

AD7541SD 

PM7541BX 

AD7545UE/8o3 

PM7545BRC/883+ 

AD7521SD 

PM7541BX+ 

AD7541SD/883 

PM7541BX/883 

AD754SUQ 

PM7545BR 

AD7S21SD/883 

PM7541BX/883+ 

AD7541TD 

PM7541AX 

AD7545UQ/883 

PM7545BRC/883 

AD7521TD 

PM7541BX+ 

AD7541TD/883 

PM7541 AX/883 

AD7548AQ 

PM7548FR+ 

AD7521TD/883 

PM7541BX/883+ 

AD7S42AD 

PM7542FQ+ 

AD7548BQ 

PM7548ER+ 

AD7521UD 

PM7541BX+ 

AD7542BD 

PM7542FQ+ 

AD7548JN 

PM7548HP+ 

AD7521UD/883 

PM7541BX/883+ 

AD7S42GBD 

PM7542EQ 

AD7548KN 

PM7548GP+ 

AD7523JN 

PM7524HP+ 

AD7542GKN 

PM7542GP 

AD7548SD 

PM7548BR+ 

AD7S23KN 

PM7524HP+ 

AD7542GTD 

PM7542AQ 

AD7S48SD/883 

PM7548BR/883+ 

AD7S23LN 

PM7524GP+ 

AD7542JN 

PM7542HP+ 

AD7548TD 

PM7548AR+ 

AD7524ACHIPS 

PM7524GBC 

AD7542KN 

PM7542HP+ 

AD7548TD/883 

n*         ao  a  n  too**  i 

AD7S31JN 

PM7S41HP+ 

AD7542SD 

PM7542BQ+ 

AD7574AD 

PM7574FX 

AD7531KD 

PM7541FX+ 

AD7542TD 

PM7542BQ+ 

AD7S74AD 

ADC908FX+ 

AD7531KN 

PM7541HP+ 

AD7S43AD 

PM7543FQ+ 

AD7S74BD 

PM7574EX 

AD7S31LD 

PM7541FX+ 

AD7543BD 

PM7543FQ+ 

AD7S74BD 

ADC908EX+ 

AD7531LN 

PM7541HP+ 

AD7543GBD 

PM7543EQ 

AD7574JN 

Bft  AT  dA  l_l  n 

PM7574HP 

AD7533AD 

PM7S33FQ+ 

AD7S43GKN 

PM7543GP 

AD7574JN 

ADC908HP+ 

AD7S33AQ 

PM7533FQ+ 

AD7543GTD 

PM7543AQ 

AD7S74KN 

PM7574GP 

AD7533BD 

PM7533FQ 

AD7543JN 

PM7543HP+ 

AD7574KN 

ADC908GP+ 

AD7S33BQ 

PM7533FQ 

AD7S43KN 

PM7543HP+ 

AD7S74SD 

PM7574BX 

AD7533CD 

PM7533EQ 

AD7543SD 

PM7543BQ+ 

AD7S74SD 

ADC908BX+ 

AD7533CQ 

PM7533EQ 

AD7543TD 

PM7543BQ+ 

AD7574TD 

PM7574AX 

AD7S33JN 

PM7533HP+ 

AD7545ACHIPS 

PM7545GBC 

AD7574TD 

ADC908AX+ 

AD7S33KN 

PM7533HP 

AD7S4SAQ 

PM7545FR+ 

AD7820BQ 

PM0820FR 

AD7S33LN 

PM7533GP 

AD7545BQ 

PM7545FR+ 

AD7820CQ 

PM0820ER 

AD7S33SD 

PM7533BQ+ 

AD7545CQ 

PM7545FR+ 

AD7820KN 

PM0820GP 

AD7533SD/883 

PM7533BQ/883+ 

AD7545GCQ 

PM7545ER 

AD7820LN 

PM0820HP 

AD7S33SQ 

PM7533BQ+ 

AD7545GLN 

PM7545GP 

AD7820TQ 

PM0820BR 

A07S33SQ/883 

PM7533BQ/883+ 

AD7S4SGUD 

PM7545AR 

AD7820UQ 

PM0820AR 

AD7533TD 

PM7533BQ 

AD7545GUD/883 

PM7545AR/883 

ADDAC100JD 

DAC100BCQ7 

AD7S33TD/883 

PM7533BQ/883 

AD7545GUQ 

PM7545AR 

ADDAC100KD 

DAC100ABQ7 

AD7S33TO 
nut  iNw  i  w 

PM7533BQ 

AD7545GUQ/883 

PM7545AR/883 

ADDAC100LD 

DAC100AAQ7 

nMJI  9w  1  WWW 

PM7533BQ/883 

AD7545JN 

PM7545HP+ 

ADOP07AH 

OP07AJ 

AD7533UD 

PM7533AQ 

AD7545JP 

PM7545HPC+ 

ADOP07AH 

OP77AJ+ 

AD7533UD/883 

PM7533AQ/883 

AD7S4SKN 

PM7545HP+ 

ADOP07CH 

OP07CJ 

AD7633UQ 

PM7533AQ 

AD7545KP 

PM7545HPC+ 

ADOP07CH 

OP77FJ+ 

AD7533UQ/883 

PM7S33AQ/883 

AD7S4SLN 

PM7S45HP+ 

ADOP07CN 

OP07CP 

AD7541AACHIPS 

PM7541AGBC+ 

AD7545LP 

PM7545HPC+ 

ADOP07CN 

OP77GP+ 

AD7541AAQ 

PM7541AFX+ 

AD7S4SSD 

PM7545BR+ 

ADOP07DH 

OP07DJ 

AD7541ABQ 

PM7541AEX+ 

AD7545SD/883 

PM7545BR/883+ 

ADOP07DH 

OP77FJ+ 

AD7541AD 

PM7541FX 

AD7545SE/883 

PM7545BRC/883+ 

ADOP07DN 

OP07DP 

AD7541AJN 

PM7541AHP+ 

AD7545SQ 

PM7545BR 

ADOP07DN 

OP77GP+ 

AD7541AKN 

PM7541AGP+ 

AD7545SQ/883 

PM7S4SBR/883 

ADOP07EH 

OP07EJ 

AD7541ASD 

PM7541ABX+ 

AD7545TD 

PM7545BR+ 

ADOP07EH 

OP77FJ+ 

AD7541ASD/883 

PM7541ABX/883+ 

AD7545TD/883 

PM7545BR/883+ 

ADOP07EN 

OP07EP 

AD7541ATD 

PM7541AAX+ 

AD7545TE/883 

PM7545BRC/883+ 

ADOP07EN 

OP77FP+ 

+Direct  pin-for-pln  replacement  with  Improved  specifications. 
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PMI) 


['rccisinu  Monoliihics  Inc. 


DIRECT 
REPLACEMENT  GUIDE 


FAIRCHILD 

MA4136PC 

pA714EHC 

pA714EHC 

jiA714HC 

MA714HC 

MA714HM 

MA714HM 

MA714LHC 

PA714LHC 

j»A715 

pA725AHM 

fiA725AHM 

/iA725HC 

^A725HC 

MA725HM 

fiA725HM 

>iA725TC 

pA725TC 

pA741AHM 

fiA741EHC 

MA741HC 
MA741HC 
pA741HM 
MA741HM 
MA741RC 

pA741TC 

MA747ADM 

/iA747AHM 

pA747CM 

pA747DC 

pA747DC 

fiA747DM 

fiA747DM 

MA747EDC 

,»A747EHC 

MA747HC 

,xA747HM 

jiA747IDC 

tiA747IDM 

^A747IHC 

fiA747IHM 

fiA747PC 

pA771ARC 

MA771ARM 

#iA771ATC 

/iA771BRC 
pA771BRM 
MA771BTC 
pA771LRC 
,iA771LTC 


PMI 

FAIRCHILD 

PMI 

HARRIS 

UrUyrr 

..A771 Of* 

UA3-9695.5 

UrU/LJ 

/iA771TC 

HA7-9R95-'; 

OP77FJ+ 

uA772ARC 

OP215FZ+ 

HA2-2650-2 

OP07CJ 

MA772ARM 

OP215BZ+ 

HA7-26S0-2 

OP77FJ+ 

jjA772ATC 

OP215FZ+ 

HA2-26S0-8 

Uru  1 J 

/1A77ZBHC 

UrZiOPi+ 

HA7-2650-8 

r*P77B  14- 

A770DDH4 

HA2-26S5-5 

OP07DJ+ 

"A772BTC 

OP215FZ+ 

Vl  l»jnfa.T 

HA7-2655-5 

OP77FJ+ 

I/A772RC 

OP215GZ+ 

HA2-2720-2 

OP44+ 

uA772TC 

OP215GZ+ 

HA7-2720-2 

OOORA  14- 

/iA776HC 

UrZZEJ+ 

HA2-2720-B 

r*D77Q_14- 

/xA776HM 

UPZZAJ+ 

HA7-2720-8 

OP06GJ+ 

nA77fiTfl 

OP22HZ+ 

HA2-2725-5 

OP77FJ+ 

fiA798 

OP5>nOFZ+ 

\J  rcUvrLT 

HA7-2725-5 

OP06BJ+ 

HA1-46O0-2 

AD77D  1  I 

HARRIS 

PMI 

nn  l~HOUU"0 

Ur77orr 

MA1^R0n-fl 

rlM  l^tOvV^O 

OP06GZ+ 

t  rr*"fV  fa  * 

HA2-OP07AJ-2 

OP07AJ 

HA1-4602-2 

OP02AJ+ 

HA2-OP07AJ-8 

AM7A  IJAQ4^ 

OP07AJ/883C 

HA1-4602-8 

OP02EJ+ 

HA7-OP07AZ-Z 

OP07AZ 

HA1-4605-5 

HA7-OP07AZ-8 

OP07AZ/B83C 

MA1^741.2 

HA2-QP07CJ-S 

OP07CJ 

HA1-4741-5 

PM741J 

HA3-OP07CP-5 

OP07CP 

HA3-4741-S 

OP02BJ+ 

n  A7-U  P07C2.-5 

OP07CZ 

HA1-4741-7 

OP02CZ+ 

M  AZ-U  PU7  cJ-o 

AM7C  | 

HA1-4741-S 

HA3-OP07EP-5 

OP07EZ 

HA7-5102-2 

HA7-OP07EZ-5 

1            ■     \J  1    Vl  faA»  w 

OP07EZ 

HA3-5102-5 

OP04K/B83C+ 

ha  a  a  rvt7  i  n 

HA2-OP07J-2 

OP07J 

HA7-5102-5 

OP04BK/883C+ 

HA2-OP07J-8 

OP07J/883C 

HA7-5102-8 

PM747CY 

HA7-OP07Z-2 

OP07Z 

HA1-S104-2 

OP04DY+ 

U  A  7_/"\  p/Y77_0 
rlM  r  ~  V  rU  /  £~0 

nPf!77/AA^P 
UrUf  fa/OOOL/ 

HAi-mnd-A 

riM  i  o  iuh~o 

PM747Y 

fl  M£~faOUU~fa 

OPA9A  14- 

unjHv  ft 

HA7-2600-2 

OP62AZ+ 

HA1-5104-8 

OP04CY+ 

HA2-2600-8 

OP62AJ/883C+ 

HA2-5130-2 

OP04K/883C+ 

HA7-2600-8 

OP62AZ/883C+ 

HA7-5130-2 

OP04BK/883C+ 

O  DCO  A  IX 

i-iAo.m'wi; 

OP04BK/883C+ 

LIA7  neno  o 

HA7-ZO0Z-Z 

LJ  AOCIOAC 

MAO-01OU-D 

OP04UY 

HA2-2602-8 

OP62AJ/883C+ 

HA7-5130-S 

OP04AY 

HA7-2602-8 

OP62AZ/883C+ 

nnt  fl  lOv^D 

HA2-2605-5 

OP62FJ+ 

HA7-5130-A 

OP04K 

HA3-260S-5 

OP62GP+ 

HA2-5135-2 

OP04DY 

HA7-260S-S 

OP62FZ+ 

HA7-S135-2 

0P1SFZ+ 

HA2-2620-2 

OP64AJ+ 

HA2-5135-5 

0P15BZ+ 

HA7-2620-2 

OP64AZ+ 

HA3-513S-5 

OP15FZ+ 

HA2-2620-8 

OP64AJ/883C+ 

HA7-5135-5 

0P15GZ+ 

HA4-2620-8 

OP64ARC/883C+ 

HA2-5135-8 

0P15BZ+ 

HA7-2620-8 

OP64AZ/883C+ 

HA4-5135-6 

OP15GZ+ 

HA2-2622-2 

OP64AJ+ 

HA7-5135-8 

OP15GZ+ 

HA7-2622-2 

OP64AZ+ 

HA1-5190-2 

0P15GZ+ 

HA2-2622-8 

OP64AJ/883C+ 

HA1-5190-2 

HA7-2622-8 

OP64AZ/883C+ 

HA4-5190-8 

HA2-2625-5 

OP64FJ+ 

PMI 

OP64GP+ 

OP64FZ+ 

OP271AJ+ 

OP271AZ+ 

OP271AJ/883C+ 

OP271AZ/883C+ 

OP271FJ+ 

OP271FZ+ 

OP22BJ+ 

OP22BZ+ 

OP22BJ/883C+ 

OP22BZ/883C+ 

OP22HJ+ 

OP22HZ+ 

OP470AY 

OP470FY 

OP470AY/883C 

OP470AY 

OP470AY/883C 

OP470FY 

OP400AY+ 

OP400FY+ 

OP400GP+ 

OP400BIFY+ 

OP400AY/883C+ 

OP270AZ+ 

OP270GP+ 

OP270FZ+ 

OP270AZ/883C+ 

OP470AY+ 

OP470FY+ 

OP470GP+ 

OP470AY/883C+ 

OP77AJ+ 

OP77AZ+ 

OP77EJ+ 

OP77EP+ 

OP77EZ+ 

OP77AJ/883C+ 

OP77AZ/883C+ 

OP77BJ+ 
OP77BZ+ 
OP77FJ+ 
OP77FP+ 
OP77FZ+ 

OP77BJ/883C+ 

OP77BRC/883C+ 

OP77BRC/883C+ 

OP64AJ 

OP64AJ/883C 

OP64ARC/883C 


+ Direct  pln-for-pin  replacement  with  improved  specifications. 
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Mcmolitliics  Inc. 


DIRECT 
REPLACEMENT  GUIDE 


INTERSIL 

PMI 

INTERSIL 

PMI 

INTERSIL 

PMI 

AD7520JD 

PM7533FQ+ 

AD7S41JN 

PM7541HP 

OP07DJ 

OP07DJ 

AD7520JN 

PM7533HP+ 

AD7S41KN 

PM7541GP 

OP07DJ 

OP77FJ+ 

AD7520KD 

PM7533FQ 

AD7S41LN 

PM7541GP 

OP07DP 

OP07DP 

AD7520KN 

PM7533HP 

AD7S41SD 

PM7541BX 

OP07DP 

OP77GP+ 

AD7520LD 

PM7533EQ 

AD7541TD 

PM7541AX 

OP07EJ 

OP07EJ 

AO7520LN 

PM7633GP 

ICL8007ACTV 

0P41EJ 

OP07EJ 

OP77FJ+ 

AD7520SD 

PM7533BQ+ 

ICL8007AMTV 

0P41AJ 

OP07EP 

OP07EP 

AD7520TD 

PM7533BQ 

ICL8007CTY 

0P41FJ 

OP07EP 

OP77FP+ 

AD7520UD 

PM7533AQ 

ICL8007MTY 

0P41BJ 

OP07EZ 

OP07EZ 

AD7521JD 

PM7541FX+ 

ICL8008CPA 

OP77GP+ 

OP07EZ 

OP77FZ+ 

AD7521JN 

PM7541HP+ 

ICL8008CTY 

OP77FJ+ 

OP07J 

OP07J 

AD7521KD 

PM7541FX+ 

ICL8008MTY 

OP77BJ+ 

OP07J 

OP77BJ+ 

AD7521KN 

PM7541HP+ 

IH5108CPE 

MUX08FP+ 

OP07Z 

OP07Z 

AD7521LD 

PM7541FX+ 

IH5108IJE 

MUX08FQ+ 

OP07Z 

OP77BZ+ 

AD7521LN 

PM7541HP+ 

IH5108MJE 

MUX08BQ+ 

AD7S21SD 

PM7541BX+ 

IHS208CPE 

MUX24FP+ 

AD7521TD 

PM7541BX+ 

IH5208IJE 

MUX24FQ+ 

LINEAR 

AD7521UD 

PM7541BX+ 

IH6108CJE 

MUX08EQ+ 

TECHNOLOGY 

PMI 

AD7S23AD 

PM7524FQ+ 

IH6108CPE 

MUX08EP+ 

LT1001ACH 

OP77EJ+ 

AD7523BD 

PM7524FQ 

IH6108MJE 

MUX08AQ+ 

LT1001ACJ8 

OP77EZ+ 

AD7523CD 

PM7524EQ 

IH6116CJI 

MUX16FT+ 

LT1001ACN8 

OP77EP+ 

AD7523JN 

PM7524HP+ 

IH6116CPI 

MUX16FT+ 

LT1001AMH/883B 

OP77AJ/883C+ 

AD7S23KN 

PM7524HP 

IH6116MJI 

MUX16BT+ 

LT1001AMH 

OP77AJ+ 

AD7523LN 

PM7524GP 

IH6208CJE 

MUX24FQ+ 

LT1001AMJ8/883B 

OP77AZ/883C+ 

AD7523SD 

PM7524BQ+ 

IH6208CPE 

MUX24FP+ 

LT1001AMJ8 

OP77AZ+ 

AD7523TD 

PM7524BQ 

IH6216CJI 

II  IWfc  ■  V\t^\J  1 

MUX28FT+ 

LT1001CH 

OP77FJ+ 

AD7523UD 

PM7524AQ 

IH6216CPI 

MUX28FT+ 

LT1001CJ8 

OP77GZ+ 

AD7530JD 

PM7533FQ+ 

LM108AH 

OP97AJ+ 

LT1001CN8 

OP77GP+ 

AD7530JN 

PM7533HP+ 

LM108H 

OP97AJ+ 

LT1001MH/883B 

OP77BJ/883C+ 

AD7530KD 

PM7533FQ 

LM308AH 

PM308AJ 

LT1C01MH 

OP77BJ+ 

AD7530KN 

PM7S33HP 

LM308AN 

PM308AP 

LT1001MJ8/883B 

OP77BZ/883C+ 

AD7530LD 

PM7S33EQ 

LM308H 

OP97FJ+ 

LT1001MJ8 

OP77BZ+ 

AD7530LN 

PM7533GP 

LM308N 

OP97FP+ 

LT1007ACH 

OP27EJ 

AD7S31JD 

PM7541FX+ 

OP05AJ 

OPOSAJ 

LT1007ACJ8 

OP27EZ 

AD7531JN 

PM7541HP+ 

OP05CJ 

OP05CJ 

LT1007ACN8 

OP27EP 

AD7531KD 

PM7541FX+ 

OP05CP 

OP05CP 

LT1007AMH/883B  OP27AJ/883C 

AD7531KN 

PM7541HP+ 

OP05EJ 

OPOSEJ 

LT1007AMH 

OP27AJ 

AD7S31LD 

PM7541FX+ 

OP05EP 

OP05EP 

LT1007AMJ8/883B  OP27AZ/883C 

AD7531LN 

PM7541HP+ 

OP05J 

OP05J 

LT1007AMJ8 

OP27AZ 

AD7533AD 

PM7533FQ+ 

OP05/D 

OPOSGBC 

LT1007CH 

OP27FJ 

AD7513BD 

PM7533FO 

I  IVI 1  wUwi  \M 

UrU  f  M  J 

LT1007CJ8 

OP27FZ 

AD7533CD 

PM7533EQ 

HP77A  1+ 

LT1007CN8 

OP27FP 

AD7533JN 

PM7533HP+ 

OP07AZ 

OP07AZ 

LT1007MH/883 

OP27BJ/883C 

AD7533KN 

PM7533HP 

OP07AZ 

OP77AZ+ 

LT1007MH 

OP27BJ 

AD7533LN 

PM7533GP 

OP07CJ 

OP07CJ 

LT1007MJ8/883 

OP27BZ/883C 

AD7533SD 

PM7533BQ+ 

OP07CJ 

OP77FJ+ 

LT1007MJ8 

OP27BZ 

AD7533TD 

PM7533BQ 

OP07CP 

OP07CP 

LT1008CH 

PM1008GJ 

AD7S33UD 

PM7S33AQ 

OP07CP 

OP77GP+ 

LT1008CN8 

PM1008GP 

AD7541AD 

PM7541FX 

OP07CZ 

OP07CZ 

LT1008MH/883 

PM1008AJ/883C 

AD7541BD 

PM7541EX 

OP07CZ 

OP77FZ+ 

LT1008MH 

PM1008AJ 

LT1012CH 

PM1012GJ 

LT1012CN8 

PM1012GP 

LT1012MD/883B 

PM1012AZ/883C 

U 
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pmi) 


Precision  Mono! i  tli  ics  Inc. 


DIRECT 
REPLACEMENT  GUIDE 


LINEAR 

LINEAR 

LINEAR 

BUI 

DMI 

PUI 

r  ml 

LT1012MD 

PM1012AZ 

OP05J8/883B 

OP05Z/883C 

OP27EJ8 

OP27EZ 

LT1012MH/883B 

PM1012AJ/883C 

OP05J8 

OP05Z 

OP27EN8 

OP27EP 

LT1012MH 

PM1012AJ 

OP07AH/883B 

OP07AJ/883C 

OP27GH 

OP27GJ 

LT1013ACJ8 

OP200EY+ 

OP07AH 

OP07AJ 

OP27GJ8 

OP27GZ 

LT1013AMJ8/883B 

OP200AY/883C+ 

OP07AJ8/883B 

OP07AZ/883C 

OP27GN8 

OP27GP 

LT1013AMJ8 

OP200AY+ 

OP07AJ8 

OP07AZ 

OP37AH/883B 

OP37AJ/883C 

LT1013CJ8 

OP200FY+ 

OP07CH 

OP07CJ 

OP37AH 

OP37AJ 

LT1013CN8 

OP200GP+ 

OP07CJ8 

OP07CZ 

OP37AJ8/883B 

OP37AZ/883C 

LT1013DN8 

OP200GP+ 

OP07CN8 

OP07CP 

OP37AJ8 

OP37AZ 

LT1013MJ8/883B 

OP200AY/883C+ 

OP07CH 

OP07DJ 

OP37CH/883B 

OP37CJ/883C 

LT1013MJ8 

OP200AY+ 

OP07DJ8 

OP07CZ 

OP37CH 

OP37CJ 

LT1014ACJ 

OP400EY+ 

OP07DN8 

OP07DP 

OP37CJ8/883B 

OP37CZ/883C 

LT1014AMJ/883B 

OP400AY/883C+ 

OP07EH 

OP07EJ 

OP37CJ8 

OP37CZ 

LT1014AMJ 

OP400AY+ 

OP07EJ8 

OP07EZ 

OP37EH 

OP37EJ 

LT1014CJ 

OP400FY+ 

OP07EN8 

OP07EP 

OP37EJ8 

OP37EZ 

LT1014CN 

OP400GP+ 

OP07H/883B 

OP07J/883C 

OP37EN8 

OP37EP 

LT1014MJ/883B 

OP400AY/883C+ 

OP07H 

OP07J 

OP37GH 

OP37GJ 

LT1014MJ 

OP400AY+ 

OP07J8/883B 

OP07Z/883C 

OP37GJ8 

OP37GZ 

LT1023CH 

OP42FJ+ 

OP07J8 

OP07Z 

OP37GN8 

OP37GP 

LT1023CJ8 

OP42FZ+ 

OP15AH/883B 

OP15AJ/883B 

OP215AH/883B 

OP215AJ/883C 

LT1023CN8 

OP42FZ+ 

0P15AH 

0P15AJ 

OP215AH 

OP215AJ 

LT1023MH/883B 

OP42AJ/883C+ 

OP15BH/883B 

OP15BJ/883B 

OP215AJ8/883B 

OP215AZ/883C 

LT1C23MH 

OP42AJ+ 

0P15BH 

0P15BJ 

OP215AJ8 

OP215AZ 

LT1023MJ8/883B 

OP42AZ/883C+ 

OP15CH/883B 

OP15BJ/883B 

OP215CH/883B 

OP215CJ/883C 

LT1023MJ8 

OP42AJ+ 

0P15CH 

OP15BJ 

OP215CH 

OP215BJ 

LT1037ACH 

OP37EJ 

0P15EH 

OP15EJ 

OP21SCJ8/883B 

OP215CZ/883C 

LT1037ACJ8 

OP37EZ 

0P15FH 

OP15FJ 

OP21SCJ8 

OP215BZ 

LT1037ACN8 

OP37EP 

OP15FN8 

0P15FP 

OP215EH 

OP215EJ 

LT1037AMH/883B 

OP37AJ/883B 

0P15GH 

0P15GJ 

OP215EJ8 

OP215EZ 

LT1037AMH 

OP37AJ 

OP15GN8 

OP15GP 

OP215EN8 

OP215EZ 

LT1037AMJ8/883B  OP37AZ/883B 

OP16AH/883B 

OP16AJ/883B 

OP215GH 

OP21SGJ 

LT1037AMJ8 

OP37AZ 

0P16AH 

OP16AJ 

OP215GJ8 

OP215GZ 

LT1037CJ8 

OP37FZ 

OP16BH/883B 

OP16BJ/883B 

OP21SGN8 

OP215GZ 

LT1037CN8 

OP37FP 

0P16BH 

OP16BJ 

OP227AJ/883B 

OP227AY/883C 

LT1037MH/883B 

OP37BJ/883B 

OP16CH/883B 

OP16BJ/883B 

OP227AJ 

OP227AY 

LT1037MH 

OP37BJ 

0P16CH 

OP16BJ 

OP227CJ/883B 

OP227CY/883C 

LT1037MJ8/883B 

OP37BZ/883C 

0P16EH 

0P16EJ 

OP227CJ 

OP227AY 

LT1037MJ8 

OP37BZ 

0P16FH 

OP16FJ 

OP227EJ 

OP227EY 

OP05AH/883B 

OP05AJ/883C 

OP16FN8 

0P16FP 

OP227EN 

OP227EY 

OP05AH 

OP05AJ 

0P16GH 

OP16GJ 

OP227GJ 

OP227GY 

OP05AJ8/883B 

OP0SAZ/883C 

OP16GN8 

OP16GP 

OP227GN 

OP227GY 

OP05AJ8 

OPOSAZ 

OP27AH/883B 

OP27AJ/883C 

REF01AH/883B 

REF01AJ/883C 

OP05CH 

OP05CJ 

OP27AH 

OP27AJ 

REF01AH 

REF01AJ 

OP05CJ8 

OP05CZ 

OP27AJ8/883B 

OP27AZ/883C 

REF01AJ8/883B 

REF01AZ/883C 

OP05CN8 

OP05CP 

OP27AJ8 

OP27AZ 

REF01AJ8 

REF01AZ 

OP05EH 

OP05EJ 

OP27CH/883B 

OP27CJ/883C 

REF01CH 

REF01CJ 

OP05EJ8 

OP05EZ 

OP27CH 

OP27CJ 

REF01CJ8 

REF01CZ 

OP05EN8 

OP05EP 

OP27CJ8/883B 

OP27CZ/883C 

REF01CN8 

REF01CP 

OP05H/883B 

OP05J/883C 

OP27CJ8 

OP27CZ 

REF01EH 

REF01EJ 

OP05H 

OP05J 

OP27EH 

OP27EJ 

REF01EJ8 

REF01EZ 

+Direcl  pin-lor-pin  replacement  with  improved  specifications. 
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PMI) 


DIRECT 
REPLACEMENT  GUIDE 


LINEAR 


TECHNOLOGY 

PMI 

MAXIM 

PMI 

MAXIM 

PMI 

REF01EN8 

REF01EZ 

AD7521UD 

PM7541BX 

AD7S41AQ 

PM7541FX 

REF01H/883B 

REF01J/883C 

AD7S23JN 

PM7524HP 

A07541ASQ 

PM7541ABX 

REF01H 

REF01J 

AD7523KN 

PM7524HP 

AD7541ATQ 

PM7541AAX 

REF01HH 

REF01HJ 

AD7523LN 

PM7523GP 

A07541BQ 

PM7541EX 

ncruinjo 

nCrUint, 

r  M  r  OttUDv 

AD7541JC/D 

Dfc  J7CvM  Qf* 

rM754lUDU 

REF01HN8 

REF01HP 

AD7524AD 

PM7524FQ 

AD7541JN 

PM7541HP 

REF01J8/883B 

REF012/883C 

AD7524AQ 

PM7524FQ 

AD7541KN 

PM7541GP 

REF01J8 

REF01Z 

AD7S24BO 

PM7524FQ 

AD7541SQ 

PM7541BX 

REF02AH/883B 

REF02AJ/883C 

AD7524BQ 

PM7524FQ 

AD7541TQ 

PM7541AX 

DCCAOALJ 

nCrtfenn 

ncrUlAJ 

rMfOc4CU 

AD7542AU 

nine  X  ftrn 

PM7542FU 

REF02AJ8/883B 

REF02AZ/883C 

AD7S24CQ 

PM7524EQ 

AD7542BQ 

PM7542EQ 

REF02AJ8 

REF02AZ 

AD7S24JN 

PM7524HP 

AD7542JC/D 

PM7S42GBC 

REF02CH 

REF02CJ 

AD7524KN 

PM7524HP 

AD7542JN 

PM7542HP 

REF02CJ8 

REF02CZ 

AD7S24LN 

PM7524GP 

AD7542KN 

PM7542GP 

AD7ROQ  Art 

AD7542SQ 

PM7542BQ 

REF02DH 

REF02CJ 

AD7528BQ 

PM7S28ER 

AD7S42TQ 

PM7S42AQ 

REF02DJ8 

REF02CZ 

AD7S28CQ 

PM7S28ER 

AD7543AQ 

PM7543FQ 

REF02DN8 

REF02DP 

AD7528JC/D 

PM7S28GBC 

AD7S43BQ 

PM7S43EQ 

REF02EH 

REF02EJ 

AD7S28JN 

PM7528HP 

AD7S43JC/D 

PM7543GBC 

AUf  0£Or\iN 

Dftil7COQf2D 

rM/d£Our 

AD7543JN 

PM7543HP 

REF02EN8 

REF02EZ 

AD7528LN 

PM7528GP 

AD7S43KN 

PM7543GP 

REF02H/883B 

REF02J/883C 

AD7528SQ 

PM7528BR 

AD7543SQ 

PM7543BQ 

REF02H 

REFQ2J 

AD7528TQ 

PM7528AR 

AD7543TQ 

PM7S43AQ 

ncrOZHH 

Dccnou  i 

AD7528UQ 

PM7S28AR 

AD754SAQ 

PM7545FR 

oppnou  ID 

AUf  OOUJU 

rM(  OtSjrU 

AD7545BQ 

PM7545ER 

REF02HN8 

REF02HP 

AD7530JN 

PM7533HP 

AD7545JC/D 

PM7S4SGBC 

REF02J8/883B 

REF02Z/883C 

AD7530KD 

PM7533FQ 

AD7S4SJN 

PM7545HP 

REF02J8 

REF02Z 

AD7530KN 

PM7533HP 

AD7S45KN 

PM7545GP 

AD7530LD 

PM7533EQ 

AD7S4SSQ 

PM7S4SBR 

AUrOJULIN 

AD7545TQ 

PM7545AR 

m  ma  inn 

PMI 
rMI 

AD7S31JD 

PM7541FX 

AD764SAQ 

PM7645FR 

AD7224BQ 

PM7224FX 

AD7531JN 

PM7541HP 

AD7645BQ 

PM7645ER 

AD7224CQ 

PM7224FX 

AD7531KD 

PM7541FX 

AD7645JC/D 

PM764SGBC 

AD7224KN 

PM7224HP 

AD7531 KN 

PM7541  HP 

AD7645JN 

PM7645HP 

AD7224LN 

PM7224HP 

ML// %W  1 LU 

AUf  040 ISN 

AD7224TD 

PM7224BX 

AD7S31LN 

PM7541GP 

AD764SSQ 

PM7645BR 

AD7224TQ 

PM7224BX 

AD7S33AQ 

PM7S33FQ 

AD7645TQ 

PM764SAR 

AD7224UD 

PM7224BX 

AD7S33BQ 

PM7533FQ 

Am6012ADC 

DAC312ER 

AD7224UQ 

PM7224BX 

AD7533CQ 

PM7S33EQ 

Am6012APC 

DAC312ER 

AD7226BQ 

PM7226FR 

A07S33JN 

PM7533HP 

Am6012DC 

DAC312FR 

AD7226KC/D 

PM7226GBC 

AD7533KN 

PM7533HP 

Am6012DM 

DAC312BR 

AD7226KN 

PM7226HP 

AD7S33LN 

PM7533GP 

Am6012PC 

DAC312FR 

AD7226TQ 

PM7226BR 

AD7533SQ 

PM7S33BQ 

DG201AAK 

SW201BQ 

AD7521JD 

PM7521FX 

AD7533TQ 

PM7S33BQ 

DG201ABK 

SW201FQ 

AD7S21JN 

PM7541HP 

AD7S33UQ 

PM7S33AQ 

DG201ACJ 

SW201GP 

AD7521KD 

PM7541FX 

AD7S41AAQ 

PM7541AFX 

DG202AAK 

SW202BQ 

AD7S21KN 

PM7541HP 

AD7S41ABQ 

PM7541AEX 

DG202ABK 

SW202FQ 

AD7S21LD 

PM7541FX 

AD7541AJC/D 

PM7S41AGBC 

DG202ACJ 

SW202GP 

AD7S21LN 

PM7541HP 

AD7S41AJN 

PM7541AHP 

DGS08AAK 

MUX08BQ 

AD7S21SD 

PM7S41BX 

AD7541AKN 

PM7541AGP 

DGS08ABK 

MUX08FQ 

AD7521TD 

PM7541BX 
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PMI) 


Precision  Monolithics  Inc. 


DIRECT 
REPLACEMENT  GUIDE 


MAXIM 

PMI 

MAXIM 

PMI 

MICRO  POWER 

PMI 

DGS08ACJ 

MUX08FP 

REF02DZ 

REF02DZ 

MP308AP 

OP97FP+ 

DG509AAK 

MUX24BO 

REF02EJ 

REF02EJ 

MP355AJ 

PM355AJ 

DG509ABK 

MUX24FQ 

REF02EZ 

REF02EZ 

MP355AJ 

0P15FJ+ 

DG509ACJ 

MUX24FP 

REF02HJ 

REF02HJ 

MP3S5AZ 

PM355AZ 

MAX400CPA 

OP77EP+ 

REF02HP 

REF02HP 

MP35SAZ 

0P15FZ+ 

MAX400CTV 

OP77EJ+ 

REF02HZ 

REF02HZ 

MP3S6AJ 

PM356AJ 

MAX400EJA 

OP77EZ+ 

REF02J 

REF02J 

MP3S6AJ 

0P16FJ+ 

MAX400MJA 

OP77AZ+ 

REF02Z 

REF02Z 

MP3S6AZ 

PM356AZ 

OP07AJ 

OP07AJ 

MP356AZ 

0P16FZ+ 

OP07AJ 

OP77AJ+ 

MP357AJ 

OP17AJ+ 

OP07AZ 

OP07AZ 

MICRO  POWER 

PMI 

MP4136CY 

OP09FY 

OP07AZ 

OP77AZ+ 

MP108AZ 

PM108AZ 

MP4136Y 

OP09AY+ 

OP07CJ 

OP07CJ 

MP108AZ 

OP97AZ+ 

MP5520AD 

DAC01Y/883C 

OP07CJ 

OP77FJ+ 

MP108Z 

PM108Z 

MP5520BD 

DAC01BY 

OP07CP 

OP07CP 

MP108Z 

OP97FZ+ 

MP5520CD 

DAC01CY 

OP07CP 

OP77GP+ 

MP155AJ 

PM155AJ 

MP5520DD 

DAC01DY 

OP07CZ 

OP07CZ 

MP155AJ 

OP15BJ+ 

MP5520FD 

DAC01FY 

OP07CZ 

OP77FZ+ 

MP155AZ 

0P15BZ+ 

MPS520HD 

DAC01HY 

OP07DJ 

OP07DJ 

MP1S5J 

PM155J 

MP7510DIJD 

SW7510FQ 

OP07DJ 

OP77FJ+ 

MP155J 

0P15BJ+ 

MP7510DIJN 

SW7510FQ 

OP07DP 

OP07DP 

MP155Z 

PM155Z 

MP7510DIKD 

SW7510FQ 

OP07DP 

OP77GP+ 

MP155Z 

0P15BZ+ 

MP7510DIKN 

SW7510FQ 

OP07EJ 

OP07EJ 

MP156AJ 

PM156AJ 

MP7510DISD 

SW7510BQ 

OP07EJ 

OP77FJ+ 

MP156AJ 

0P16BJ+ 

MP7510DITD 

SW7510BQ 

OP07EP 

OP07EP 

MP156AZ 

PM156AZ 

MP7511DIJD 

SW7511FQ 

OP07EP 

OP77FP+ 

MP156J 

PM156J 

MP7511DIJN 

SW7511FQ 

OP07EZ 

OP07EZ 

MP156J 

0P16BJ+ 

MP7511DIKD 

SW7511FQ 

OP07EZ 

OP77FZ+ 

MP156Z 

PM156Z 

MP7511DIKN 

SW7511FQ 

OP07J 

OP07J 

MP156Z 

0P16CZ+ 

MP7511DISD 

SW7511BQ 

OP07J 

OP77BJ+ 

MP157AJ 

0P17AJ+ 

MP7511DITD 

SW7511BQ 

OP07Z 

OP07Z 

MP157AZ 

PM157AZ 

MP7524AD 

PM7524FQ 

OP07Z 

OP77BZ+ 

MP157J 

PM157J 

MP7524BD 

PM7524FQ 

REF01AJ 

REF01AJ 

MP157J 

0P17CJ+ 

MP7524CD 

PM7524EQ 

REF01AZ 

REF01AZ 

MP157Z 

PM157Z 

MP7524JN 

PM7524HP 

REF01CJ 

REF01CJ 

MP200DIAA 

SW05BK 

MP7524KN 

PM7524HP 

REF01CP 

REF01CP 

MP200DIAP 

SW05BY 

MP7524LN 

PM7524GP 

REF01CZ 

REF01CZ 

MP200DIBA 

SWOSFK 

MP7524SD 

PM7524BQ 

REF01EJ 

REF01EJ 

MP200DIBP 

SW05FY 

MP7524TD 

PM7524BQ 

REF01EZ 

REF01EZ 

MP200DICJ 

SW05GP 

MP7524UD 

PM7524AQ 

REF01HJ 

REF01HJ 

MP201DIAP 

SW201BO 

MP7528BD 

PM7528FR 

REF01HP 

REF01HP 

MP201DIBP 

SW201FQ 

MP7528CD 

PM7528ER 

REF01HZ 

REF01HZ 

MP201DICJ 

SW201GP 

MP7528KN 

PM752BHP 

REF01J 

REF01J 

MP9DP.A  1 

PM208AJ 

MP7S28LN 

PM7528GP 

REF01Z 

REF01Z 

MPZ08AJ 

rtD07C  IX 

MP7528TD 

PM7528BR 

REF02AJ 

REF02AJ 

MP208AZ 

PM208AZ 

MP7528UD 

IVI  i    1  JCUUI/ 

PM7528AR 

REF02AZ 

REF02AZ 

MP208AZ 

OP97FZ+ 

MP7531JD 

PM7541AFX+ 

REF02CJ 

REF02CJ 

MP208Z 

PM208Z 

MP7S31JN 

PM7541AHP+ 

REF02CP 

REF02CP 

MP208Z 

OP97FZ+ 

MP7531KD 

PM7541AFX+ 

REF02CZ 

REF02CZ 

MP308AJ 

PM308AJ 

MP7531KN 

PM7541AHP+ 

REF02DP 

REF02DP 

MP308AJ 

OP97FJ+ 

MP7531LD 

PM7541AFX+ 

MP308AP 

PM308AP 

MP7531LN 
MP7533AD 
MP7533BD 
MP7533CD 

PM7541AHP+ 
PM7533FQ 
PM7533FQ 
PM7533EQ 

MP7533JN 

PM7533HP 

+Direct  pin-for-pin  replacement  with  improved  specifications. 
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pmD 


DIRECT 
REPLACEMENT  GUIDE 


MICRO  POWER 

PMI 

MICRO  POWER 

PMI 

MICRO  POWER 

PMI 

MP7533KN 

PM7533HP 

MP7628AD 

DAC8408FT 

MPOP05Z 

OP05Z 

MP7533LN 

PM7533QP 

MP7628BD 

DAC8408ET 

MPOP07AJ 

OP07AJ 

MP7533SD 

PM7533BQ 

MP7628JN 

DAC8408HP 

MPOP07AJ 

OP77AJ+ 

MP7533TD 

PM7533BQ 

MP7628KN 

DAC8408GP 

MPOP07AZ 

OP07AZ 

JUID7C30I  m 

MrrOooUU 

Mr/ DZOOU 

DAOo4Goo 1 

MPOP07AZ 

Or77AZ+ 

MP7541AD 

PM7541FX 

MP7628TD 

DAC8408AT 

MPOP07CJ 

OP07CJ 

MP7541BD 

PM7541EX 

MP764SAD 

PM7645FR 

MPOP07CJ 

OP77FJ+ 

MP7541JN 

PM7541HP 

MP7645BD 

PM7645FR 

MPOP07CP 

OP07CP 

Mr7o4lisN 

rM7541ur 

PMTIUCPR 

rM/0*K}Cn 

MPOP07CP 

OP77GP+ 

MP7541SD 

PM7S41BX 

MP7648JN 

PM764SHP 

MPOP07CZ 

OP07CZ 

MP7541TD 

PM7541AX 

MP7645KN 

PM7645HP 

MPOP07CZ 

OP77FZ+ 

MP7542AD 

PM7542FQ 

MP7645LN 

PM7645QP 

MPOP07DJ 

OP07DJ 

MP7542BD 

PM7542FQ 

MP7645SD 

PM7645BR 

MPOP07DJ 

OP77FJ+ 

MP7S42JN 

O  ft  »TC  A  OLJ  D 

PM754ZHP 

ft  J  CTR 

Mr/040 1 U 

DM7iMCQD 

rM/040Dn 

MPOP07DP 

OP07DP 

MP7542KN 

PM 7542 HP 

MP764SUD 

PM7645AR 

MPOP07HP 

OP77GP+ 

MP7542SD 

PM7542BQ 

MPOP01CJ 

OP01CJ 

MPOP07DZ 

OP07DZ 

MP7542TD 

PM7542BQ 

MPOP01CP 

OP01CP 

MPOP07DZ 

OP77FZ+ 

MP7543AD 

PM7543FQ 

MPOP01C2 

OP01CZ 

MPOP07EJ 

OP07EJ 

Mr/d40DU 

rM/  owrw 

MrUrUIUJ 

unjiuj 

IIBADA7C  1 

MPOP07EJ 

OP77FJ+ 

MP7543JN 

PM7543HP 

MPOP01HJ 

OP01HJ 

MPOP07PP 
ivir wrwi  cr 

OP07EP 

MP7543KN 

PM7543HP 

MPOP01HP 

OP01HP 

MPOP07EP 

OP77FP+ 

MP7543SD 

PM7543BQ 

MPOP01HZ 

OP01HZ 

MPOP07EZ 

OP07EZ 

MP7543TD 

PM7543BQ 

MPOP01J 

OP01J 

MPOP07EZ 

OP77FZ+ 

MnSwAU 

KM/o40rrf 

IVI  r  U  rUtnJ 

HP09A  1 

MPUP07J 

OP07J 

MP7545BD 

PM7545FR 

MPOP02AZ 

OP02AZ 

MPOP07J 

OP77BJ+ 

MP7545CD 

PM7545FR 

MP0P02BJ 

OP02BJ 

MPOP07Z 

OP07Z 

MP754SJN 

PM7545HP 

MPOP02BZ 

OP02AZ 

MPOP07Z 

OP77BZ+ 

MP7545KN 

PM754SHP 

MPOP02CJ 

OP02CJ 

MPOP08AJ 

OP08AJ 

Mr  f  DIOLIN 

DU7URUD 

MrurlKur 

IJDADnD  A  7 

MPOPQBAZ 

OP08AZ 

MP7545SD 

PM7545BR 

MPOP02CZ 

OP02CZ 

MpnpOftF.I 

Wrvruocw 

MP7545TD 

PM7545BR 

MPOP02DJ 

OP02CJ 

MPOP08EP 

OP08EP 

MP7545UD 

PM7545BR 

MPOP02DP 

OP02DP 

MPOP08EZ 

OP08EZ 

MP7574AD 

PM7574FX 

MPOP02DZ 

OP02CZ 

MPOP08GZ 

OP08GZ 

ft.  1 D7C74  A  n 

MP7574AD 

AJJCyOorAx 

MrUrUjfbJ 

UrUZcJ 

ft  m/snAA  aw 

MPOP09AY 

AfUA  All 

OP09AY 

MP7574BD 

PM7574EX 

MPOP02EP 

IVI  1  \S  1  w&  ft*l 

OP02EP 

MPHPfiOPV 
MrUruSC  T 

MP7574BD 

ADC908EX+ 

MPOP02EZ 

OP02EZ 

MPOP09FP 

OP09FP 

MP7574JN 

PM7574HP 

MPOP02J 

OP02J 

MPOP09FY 

OP09FY 

MP7S74JN 

ADC908HP+ 

MPOP04AY 

OP04AY 

MPOP10AY 

OP10AY 

Mr7574KN 

PM7574GP 

MrUrlMl/T 

UrWuT 

MPOP10CY 

OP10CY 

MP7574KN 

Annoflflnp-t* 

nUU9Wvir  p 

MPOP04DY 

IVIl  \^ ■  V" 1 

OP04DY 

MrUr  IUCT 

KJr  IUCT 

MP7574SD 

PM7574BX 

MPOP04EY 

OP04EY 

MPOP10Y 

OP10Y 

MP7574SD 

ADC908BX+ 

MPOP04Y 

OP04Y 

MP0P11AY 

0P11AY 

MP7574TD 

PM7574AX 

MPOP05AJ 

OP05AJ 

MP0P11BY 

0P11BY 

MP7574TD 

ADC908AX+ 

MPOPOSBJ 

OP05BJ 

MPOP11EP 

OP11EP 

MP7623AD 

PM7541AFX 

MPOP05CJ 

OP05CJ 

MP0P11EY 

0P11EY 

MP7623BD 

PM7541AEX 

MPOP05CZ 

OPOSCZ 

MPOP11FP 

0P11FP 

MP7623JN 

PM7541AHP 

MPOP05DJ 

OP05DJ 

MPOP11FY 

OP11FY 

MP7623KN 

PM7541AQP 

MPOP05EJ 

OP05EJ 

MPOP12AZ 

OP12AZ 

MP7623SD 

PM7541ABX 

MPOP05EZ 

OP05EZ 

MPOP12BZ 

OP12BZ 

MP7623TD 

PM7541AAX 

MPOP05J 

OPOSJ 

MPOP12CZ 

0P12CZ 

MPOP12EJ 

OP12EJ 

MP0P12EZ 

OP12EZ 

MPOP12FJ 

0P12FJ 

MPOP12FZ 

OP12EZ 

MPOP12GJ 

OP12GJ 

U 
2 

s 
a 

1 

D 
Q 
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+Dlroct  pin-tor-pin  replacement  with  Improved  specifications. 
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PMI) 


DIRECT 
REPLACEMENT  GUIDE 


Precision  Aim 

oiithics  inc. 

MICRO  POWER 

PMI 

MICRO  POWER 

PMI 

MOTOROLA 

PMI 

MP0P12GZ 

OP12GZ 

MPOP37GJ 

OP37GJ 

LF3S5BJ 

PM355AZ 

MPOP14AJ 

0P14AJ 

MrUro/or 

UrJibr 

I1DAD1  j(  A  7 

MPUP14AZ 

UP14A4t 

1  C3CC.QM 

MrUr  14UJ 

OP14CJ 

Mrrlfcrui  AJ 

□rem  A  1 

r»D1KP74- 

UrlOPtT 

MPOP14CP 

OQ-1 A  /"*D 

OP14CP 

MrrlbrUl  Ax 

PCCfti  A  7 

1  coccu 

Lr^JoOrl 

Dfi^QeeA  i 
rMoOOAJ 

MPOP14CZ 

0P14CZ 

MPREF01CJ 

REF01CJ 

LF355H 

OP15FJ+ 

Mr'Ur'i4Ur 

AD1>inD 

Url4Ur 

MrntrUiUr 

RPPffi  PP 

ntrUlvr 

LrJ33d 

MrUrl4Ut 

wipncru  i 

DpprMi-»7 

1  F*W?  1 

OP1 5FZ+ 

MrUrl4fcJ 

f\D-iAE  I 

Url4tJ 

MPDPPmp  i 

BPPm  p  i 

MrUrl4tr 

MPnppniP7 

nppm  P7 

OP15FZ+ 

MP0P14EZ 

OP14EZ 

MPREF01HJ 

REF01 HJ 

LF356BH 

PM356AJ 

MPUP14J 

UP14J 

KJlDDCCm  UD 

MrrltrUlnr 

nppm  up 

UrOOODrl 

HP1RP  l-l- 
Ur  IDPJT 

ftJDOD1.17 

Ur  14t 

MDDCCni  1-17 

MrncrUlrlt 

nppm  u7 
ncru  i  v\£- 

LrOODDJ 

rlViOOOML 

ft  JDADOH7  A  V 

MPOP2U7AY 

UPZ07AY 

MrnfcPin  J 

nppm  i 

LrOODDJ 

/-\p-fep7_f_ 

MPUP2U7BY 

ADO/17  AV 

MDPPPfYf  7 

nppm  7 

□UOCC  A7 

MPOP207EY 

OP207EY 

MPREF02AJ 

REF02AJ 

LF356BN 

OP16FZ+ 

ft  J  DO  DOTl 7  cv 

ADOfl7CV 

VjrZU/r*  T 

MrntrUcni 

DCCHOA7 

ncrUcA£ 

KDADO07AV 

MrUricii/ AY 

AD007  AV 

MDDCCnOA  1 

MrnbrU^UJ 

1  P1<KM 
Lrtxron 

npifiF  14- 

ft  A  Pf^  D007O  V 

OD007AV 

MPDPPftOr^P 

RPPnoPP 

LF356J 

ft*D^D007^V 

MDDCCHOA7 

MPOP227EY 

OP227EY 

MPREF02DJ 

REF02CJ 

LF356N 

PM356AZ 

MrUr«/rT 

U  riser  ri 

MrnfcrUiJIJr 

pecnono 
ntrUcUr 

OP1RF7-4- 
wr  IDrt T 

MrUni£/oi 

MPDPPnori7 

LFVCTBH 
LiOji  on 

PMO.R7A  I 

I1DAD07A  1 

MPOPZ7AJ 

AD07A  1 

yJrZf  A  J 

ftiiPDCcnoc  i 

PttrU^bJ 

LrOjf  Dn 

HP17F  14- 

IIDAM7A? 

MPOPZ7AZ 

ftno7  A  7 

OPZ7AZ 

1IDDCCAOC7 

MrHchuZcZ 

DIUIQC7A7 

MPOP27BJ 

OP27BJ 

MPREF02HJ 

REF02HJ 

LF357BJ 

OP17FZ+ 

MPOP27BZ 

OP27BZ 

MPREF02nP 

ncFOZHP 

1  CaC7RKI 
LroOf  DIM 

MPOP27CJ 

OP27CJ 

MPRcF02nZ 

REF02HZ 

1  PQC7DKI 

l^\P17C7-J- 

Url  /  rtt 

k  jnAnmA7 

MPOP27CZ 

OPZ7CZ 

MPREF02J 

REF02J 

LroO/n 

rmOOi  A  J 

UDAIV1TC  I 

MPOP27CJ 

OP27EJ 

MrREFUZZ 

REF02Z 

OP17P  14- 
UrlfrjT 

MPOP27EP 

OP27EP 

MPREF05AJ/883 

REF05AJ/883C 

LF357J 

nft  tori  a  7 

PM357AZ 

IIDAD07C7 

MPUPZ7e£ 

AD07C7 

KJlPRPPnc,R  I/AA3 

nFFn*%R  1/nft.ir: 

1  P1^7 1 

HP17F74- 

MPOP27FJ 

OP27FJ 

ftJlPDCCIAA  l/OQO 

M  rrl  t  r  1 U  AJ/OOo 

RPPIOA  l/AHV* 

1  P4K7HI 
LroO/lN 

PMH7A7 
rlvliWfn*. 

IIDAQ47CD 

MPOP27FP 

OP27FP 

MDDCCinQ  1/flOQ 
iVlrritr  lUDJ/OOO 

1  P^7KI 
L.r03f  IN 

HP17P74- 

MPTfYI  AH 

MATfrl  AH+ 

OP07A.I4- 

MPOP27GJ 

OP27GJ 

MPT01GH 

MAT01GH+ 

LM108AH 

PM108AJ 

MPOP27GP 

OP27GP 

k  m  t~\T~  r\r\  aii 

MPT02AH 

ft  i  ATAA  A  l_l  _1_ 

MATOZAH+ 

LM108AJ 

PM10SAZ 

MPOP27GZ 

OP27GZ 

MPT02BH 

ft  m  ATAnnu  i 

MAT02BH+ 

LM108AJ 

OP97AZ+ 

MPOP37AJ 

OP37AJ 

ft  J  PTfloe  i_i 

1 A  ATM  CUX 

1  lA^nOA  1  o 

LMlUoAJ-o 

PMlUoA^ 

MPOP37AZ 

OP37AZ 

MPT02FM 

MAI  u^rrrr 

LMlUoAJ-o 

ADA7A7X 

MPOP37BJ 

OP37BJ 

LM108H 

PM108J 

MPOP37BZ 

OP37BZ 

Mnrnpni  a 

LM108H 

OP97AJ+ 

MPOP37CJ 

OP37CJ 

NIU  1  UnULH 

PMI 

LM108J 

PM108AZ 

MPOP37CZ 

OP37CZ 

DAC08AQ 

DAC08AQ 

LM108J 

OP97AZ+ 

MPOP37EJ 

OP37EJ 

DAC08CP 

DAC08CP 

LM108J-8 

PM108Z 

MPOP37EP 

OP37EP 

DAC08CQ 

DAC08CQ 

LM108J-8 

OP97AZ+ 

MPOP37EZ 

OP37EZ 

DAC08EP 

DAC08EP 

LM111H 

PM111J 

MPOP37FJ 

OP37FJ 

DAC08EQ 

DAC08EQ 

LM111J-8 

PM111Z 

MPOP37FP 

OP37FP 

DAC08HP 

DAC08HP 

LM139AJ 

PM139AY 

MPOP37FZ 

OP37FZ 

DAC08HQ 

DAC08HQ 

LM139J 

PM139Y 

DAC08Q 

DAC08Q 

LF3SSBH 

PM355AJ 

LF3S5BH 

OP15FJ+ 

+Direct  pin-for-pln  replacement  with  improved  specifications. 
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Moiml  i  t  h  i  t's  I  iic. 


DIRECT 
REPLACEMENT  GUIDE 


MOTOROLA 

PMI 

MOTOROLA 

PMI 

MOTOROLA 

PMI 

LM148J 

OP11BY+ 

MC1456U 

OP14DZ+ 

Mo4741  oL 

1  ft  ft  AAA  A  1-1 

LM208AH 

PM20BAJ 

Mo1504AU10 

RctOIZt* 

ft Mf*A^A4  CO 

MC4741  oP 

UP!  IvarT 

LM208AJ 

MC1504AU5 

DCDV07X 

Mo4/41  L 

UriloYx 

LM208AJ-A 

r  M£UQn&> 

REF01Z+ 

OP27AJ 

OP27AJ 

LM208H 

PM208J 

MC1S04U5 

REF02Z+ 

OP27AZ 

OP27AZ 

LM208J 

DU4A07 

PM208Z 

MClbuoLo 

UAoloOaA-oQ-r 

OP27BJ 

AD47D  1 

LM208J-S 

Oft  Mna7 

MC1990U 

UP14UJ+ 

rND07D  7 

ADQ7D7 

LM211H 

PM211J 

ft  J/*4CC0kl/^ 

MCloSoNu 

UP14BJ+ 

OPZ7CJ 

rtD07i*  1 

OP27oJ 

L.IV1&I  1*1^9 

PM211Z 

MC1558NU 

OP14BZ+ 

OP27CZ 

OP27CZ 

LM239AJ 

PM139Y+ 

MC15S8U 

0P14BZ+ 

OP27EJ 

OP27EJ 

LM239AN 

PM139Y+ 

Mol709Au 

OPO00J+ 

AD07CD 

Ur*Z7cP 

UPZ7EP 

LM239J 

PM139Y+ 

ftJO-ITAOAl  1 

UrUootT 

AD07C7 

Ur^7cZ 

CID07C7 

Ur27cZ. 

LMZ39N 

UrOblaJ+ 

Uri!f  PJ 

rtD07C 1 

LM248J 

OP11BY+ 

MC1709CP1 

OP06GZ+ 

OP27FP 

OP27FP 

LM248N 

OP11BY+ 

MC1709CU 

OP06GZ+ 

OP27FZ 

OP27FZ 

LM29U1N 

OIIDfUCVJ. 

oMrWriT 

ftjlr"*»-17AOr5 

UrUovaJ+ 

On:/uJ 

AD07rt  1 

UrZ7uJ 

1  ftJOAf&ALJ 

DftftO/"»Q  «  1 

ft  J047jM  ^Vi 

Mol74lO« 

UrUZUJ"r 

UPZ7uP 

r\M7PO, 

UPZ7GP' 

LMoUoAJ 

(violr4lorl 

UrUZUrT 

rM»7fi7 

UrZ/ u£ 

1  M308AJ-8 

PM308AZ 

MC1741CU 

OP02DZ+ 

OP37AJ 

OP37AJ 

LM308AN 

PM308AP 

MC1741G 

OP02BJ+ 

OP37AZ 

OP37AZ 

LMouon 

MOl  r 41  NO 

AM7D  1 

LM3U9J 

DftJIIAQ? 

rMouo£ 

MO  I  /4l  IMOU 

AD07B7 

OP37BZ 

AD47D7 

1  IMAO  1  D 

□ft  o  no  7 

moi74iNoPi 

OrU2DP+ 

OP37CJ 

OP37CJ 

LMOUOIN 

rMOUOnr 

nno  i  »*♦  i  raou 

UrUtUtT 

LM311H 

PM211J+ 

MC1741NU 

OP02BZ+ 

OP37EJ 

OP37EJ 

1  M!H1  I -ft 

PM911 74- 

MO  1  r*r  1  OvU 

Or U 1  Or  i 

Or  Of  C" 

Or  O f  cr 

I  MH1M 

r  Mc  1 1  tT 

MP*  174.1  Qf3 
MOI  ftlOU 

UrUlUJT 

AM7C7  1 
UrOf  til 

UMnWrTt 

MO  I  f  4 1 U 

\Jr\J£.aLrT 

OP37rJ 

AD07C  1 

Uro7rJ 

LM3302P 

CMP04FY+ 

MC1747CG 

OP04DJ+ 

OP37FP 

OP37FP 

LM339AJ 

PM339AY 

MC1747CL 

OP04DZ+ 

OP37FZ 

OP37FZ 

LMOOWW* 

MO  I  nivrt 

npivinp-*. 

UnJ/uJ 

At>37i2  1 
UrOrUJ 

LM009J 

MO  I  h(0 

npftdR.14- 

UrUnDJ T 

UrJ  fur 

Mf*1T>tTI 
MOlf4f  L 

AM7ft7 

LM348J 

OP11FY+ 

MC1776CG 

OP22HJ+ 

LM348N 

OP11FP+ 

MC1776CP1 

OP22HZ+ 

M014U4AU1U 

MO  If  /OOU 

NATIONAL 

PMI 

MU14U4AU5 

DCCAQU7 

Mol  r  /DU 

AD7520JD 

PM7533FQ+ 

MC1408L6 

DAC14UoA-6Q+ 

MC1776U 

AMOD7X 

OPZ2BZ+ 

AD7520JN 

PM7533HP+ 

MO  MfUOL.  r 

(VlOOOvOL 

HPA91 CZV4- 
UrSc  1 0  T  T 

AD7520KD 

PM7533FQ 

MC14C8LS 

DAC1408A-8Q 

MC3303P 

OP421GY+ 

AD7520KN 

PM7533FP 

MC1408P6 

DAC1408A-6P+ 

MC33078P 

OP271GP+ 

AD7S20LD 

PM7533EQ 

MC1408P7 

DAC1408A-7P+ 

MC3358P1 

0P221GZ+ 

AD7S20LN 

PM7533GP 

MC1408P8 

DAC1408A-8P+ 

MC3403L 

OP421HY+ 

AD7520SD 

PM7533BQ+ 

MC1458CG 

OP14DJ+ 

MC3403P 

OP421HY+ 

AD7520TD 

PM7533BQ 

MC1458CP1 

OP14DP+ 

MC3458G 

OP221GJ+ 

AD7520UD 

PM7533AQ 

MC1458CU 

OP14DZ+ 

MC3458P1 

OP221GZ+ 

AD7521JD 

PM7541FX+ 

MC1458G 

OP14DJ+ 

MC345SU 

OP221GZ+ 

AD7S21JN 

PM7541HP+ 

MC1458NG 

OP14DZ+ 

MC3503L 

OP421CY+ 

AD7521KD 

PM7541FX+ 

MC145BNP1 

0P14DP+ 

MC3558G 

OP221CJ+ 

AD7521KN 

PM7541HP+ 

MC1456P1 

OP14DP+ 

MC3S58U 

OP221CZ+ 

AD7521LD 

PM7541FX+ 

AD7521LN 

PM7541HP+ 

U 
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+Direct  pin-for-pin  replacement  with  improved  specifications. 
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Precision  Monolithic**  Inc. 


NATIONAL 

PMI 

NATIONAL 

PMI 

NATIONAL 

PMI 

AD7521SD 

PM7541BX+ 

LF357AH 

PM357AJ 

LM111J 

PM111Y 

AD7521TD 

PM7541BX+ 

LF357H 

PM357AJ+ 

LM111J-8 

PM111Z 

AD7521UD 

PM7541BX+ 

LF357N 

PM357AZ+ 

LM112H 

0P12CJ+ 

AD7530JD 

PM7533FQ+ 

LF41 1 ACH 

0P15EJ+ 

LM118H 

/—l  n  A  OA    1  1 

OP42AJ+ 

PM7533HP+ 

LF411 ACN 

OP15EZ+ 

LM118J 

OP42AZ+ 

AD7530KD 

PM7533FQ 

LF411AMH 

0P15AJ+ 

LM118J-8 

OP42AZ+ 

AD7530KN 

PM7533FP 

LF411CH 

0P15FJ+ 

LM119H 

PM119K 

AD7530LD 

PM7533EQ 

LF411CN 

0P15FZ+ 

LM119J 

PM119Y 

AD7530LN 

PM7533GP 

LF411MH 

Ur  10DJ+ 

LM124AJ 

rin<A*  QVj_ 

AD7*i?1  ID 

*  \  LJ  f  Jul  J  1— / 

PM7541 FX+ 

LF412ACH 

OP215EJ+ 

LM124J 

OP421BY+ 

AD7531JN 

PM7541HP+ 

LF412ACN 

OP215EZ+ 

LM139AJ 

PM139AY 

AD7531KD 

PM7541FX+ 

LF412AMH 

OP215AJ+ 

LM139J 

PM139Y 

AD7531KN 

PM7541HP+ 

LF412CH 

OP215FJ+ 

LM1458H 

0P14DJ+ 

AD7531LD 

PM7541FX-r 

UrV  ior£+ 

1    ft  A  4  A  CO  1 

nm  a  r\7_L 
Ur  14UZ+ 

ML/ /  jO  I  l_IN 

PM7S41HP+ 

LF412MH 

OP215BJ  + 

LM1458N 

OP14DP+ 

ADC0820 

PM0820 

LF441ACH 

OP43FJ+ 

LM148J 

PM148Y+ 

DAC0800LCJ 

DAC08EQ 

LF441AMH 

OP43AJ+ 

LM1558H 

OP14BJ+ 

DAC0800LCN 

DAC08FP 

LF441CH 

OP43FJ+ 

LM1558J 

OP14BZ+ 

DAC0800LD 

DAC08U 

l_r  4410N 

UrflJur 

LMlDoAM 

LF11201 D 

SW201 BQ+ 

LM158H 

OP221 CJ+ 

DAC0801LCN 

DAC08CP 

LF11202D 

SW202BQ+ 

LM194H 

MAT02AH+ 

DAC0802LCJ 

DAC08HQ 

LF11333D 

SW06BQ+ 

LM207H 

OP02J+ 

DAC0802LCN 

DAC08HP 

LF11508D 

MUX08AQ 

LM207J 

OP02Z+ 

DAC0802LD 

DAC08AQ 

i  cucnan 

■l  a  1  1  vOjI  A  /""! 

MUa^IAU 

□ACQ8Q6LCJ 

DAC1408A-6Q 

LF13201D 

SW201FQ+ 

LM208AH 

PM208AJ 

DAC0806LCN 

DAC1408A-6P 

LF13201N 

SW201GP+ 

LM208AJ-8 

PM208AZ 

DAC0807LCJ 

DAC1408A-7Q 

LF13202D 

SW202FQ+ 

LM208AN 

PM208AZ+ 

DAC0807LCN 

DAC1408A-7P 

LF13202N 

SW202GP+ 

LM208H 

PM208J 

UAL«UoUoLOJ 

Lr 1 jjjjU 

c\/wnRCO-i- 
oWUDrut 

unwuouo  Lvi  i 

DAC1408A-8P 

LF13333N 

SW06GP+ 

LM210H 

OP15CJ+ 

DAC0808LD 

DAC1508A-8Q 

LF13508D 

MUX08EQ 

LM210J 

0P15CZ+ 

LF155AH 

PM155AJ 

LF13508N 

MUX08EP 

LM211H 

PM211J 

LF155H 

PM155J 

LF13509D 

MUX24EQ 

LM211J 

PM211Y 

LF156AH 

PM156AJ 

LF13509N 

MUX24fcP 

Ur  I^L/Jt 

Lr  I30n 

nlvl  I3DJ 

I  Hfiri44APH 

OP77EJ+ 

l_3Vl£.  ion 

OP42FJ+ 

LF157AH 

PM157AJ 

LH0044AH 

OP77AJ+ 

LM218J 

OP42FZ+ 

LF157H 

PM157J 

LH0044BH 

OP77EJ+ 

LM218J-8 

OP42FZ+ 

LF255H 

PM155J+ 

LH0044CH 

OP77FJ+ 

LM219H 

PM219K 

LF256H 

PM156J+ 

LH0044H 

OP77AJ+ 

LM219J 

PM219Y 

LF257H 

PM157J+ 

LH740ACH 

OP43FJ  + 

LM224AJ 

OP421FY+ 

LF351 H 

OP15GJ+ 

LH740AH 

OP43BJ+ 

LM224J 

OP421FY+ 

LF351 N 

0P15GZ+ 

LM107H 

OP02J+ 

LM239AJ 

PM139AY+ 

LF353H 

OP215FJ 

LM107J 

OP02Z+ 

LM239J 

PM139Y+ 

LF353N 

OP215FZ 

LM107J-14 

OP02Z+ 

LM248J 

PM248Y+ 

LF355AH 

PM355AJ 

LM108AH 

PM108AJ 

LM258AH 

OP221FJ+ 

LF355H 

PM355AJ+ 

LM108AJ-8 

PM108AZ 

LM258H 

OP221GJ+ 

LF355N 

PM355AZ+ 

LM108H 

PM108J 

LM2901J 

PMT39Y+ 

LF356AH 

PM356AJ 

LM108J-8 

PM108Z 

LM2901N 

PM339AY+ 

LF356H 

PM356AJ+ 

LM110H 

OP15CJ+ 

LM2902J 

OP421GY+ 

LF356N 

PM356AZ+ 

LM111H 

PM111J 

LM2902N 

OP421GY+ 

+  Direct  pin-for-pin  replacement  with  improved  specifications. 
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pmi) 


tlithic.s  Inc. 


DIRECT 
REPLACEMENT  GUIDE 


NATIONAL 

PMI 

NATIONAL 

PMI 

LM2Q04N 

OP221GZ+ 
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LM3Q7H 

OP02DJ+ 

1  M79SAM 

OPnttR  14- 

LM307J 

OP02DZ+ 

l_  i  v  i  r  uun 

LM307J-14 

OP02DZ+ 

LM725CN 

OP06GZ+ 

LM307N 

OP02DP+ 

LM72SH 

OP06BJ+ 

LM308AH 

PM308AJ 
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OP77C  14- 

PM1012GJ4- 

DM741 P  I 
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OPQ7PJ+ 

LM  f  41 UJ 

n077f^74- 
SJrt  (lUT 

LM308AJ-8 

PM308AZ 

LM741CN 

OP77GP+ 

LM308AN 

PM308AP 

LM741EH 

OP77FJ+ 

LM308H 

PM308J 

LM741  EN 

IbIVI  f  ~  1  bl  1 

OP77GP+ 

LM308J-8 

PM308Z 

LM741H 

PM741.I 

I  IVI  f"tl  J 

LM308N 

PM308AP 

LM747AH 

uvi  i"tf  rsn 

OP04K+ 

LM310H 

0P15GJ+ 

LM747AJ 

OP04Y+ 

LM310J 

0P15CZ+ 

LM747CH 

OP04DK+ 

LM310J 

0P15GZ+ 

LM747CJ 

OP04DY+ 

LM310J-8 

0P15GZ+ 

LM747CN 

blVI**Tf  \^  1 

OP04DP+ 

LM310N 

OP15GZ+ 

LM747EH 

kivi  f "rr  tn 

OP04CK4- 

PM211J+ 

LM747EJ 

OP04CY+ 

LM311J 

PM211Y+ 

LM747EN 

OP04CP+ 

1  M*%11  i-A 
UVUI  I  j*o 

LM747H 

OP04K+ 

LM747J 

OP04Y+ 

1  M111N-14 

LIVUI  1  li  lt 

r  [VI  £  III  i 

LM748CH 

PM1008GJ+ 

LM312H 

OP12GJ+ 

LM748CJ 

PM1008GZ+ 

LM318H 

OP42FJ+ 

LM748CN 

PM1008GP+ 

livi*?  low 

OP42FZ+ 

LM748H 

PM1008AJ+ 

LM318JN 

OP42FZ+ 

LM748J 

PM1008AZ+ 

LM318J-8 

OP42FZ+ 

LM3302J 

PM139Y+ 

LM319H 

PM219K+ 

LM3302N 

PM339AY+ 

LM319J 

PM319Y 

LM4250CH 

OP22HJ+ 

OP401 HY4- 
Urtc  In  1  i 

LM4250CJ 

OP22HZ+ 

LM324AN 

OP421 HY+ 

LM4250CN 

OP22HZ+ 

LM324J 

klVlw£*tw 

UrHt  InlT 

LM4250H 

OP22BJ+ 

LM324N 

OP421HY+ 

LM4250J 

OP22BZ+ 

LKA339AJ 

PM339AY 

1  MOQOAKI 
LM>M9AN 

r*MtJooAY+ 

LM33QJ 

NEC 

PMI 

I  M33QN 

PM'33QAV4- 

Url4UrT 

LM348J 

PM94JW4- 

..DTIrtl  AO 

jirL/JUl  AO 

Urf  (urt 

LM348N 

PM248Y+ 

DM0117 

LM358AH 

OP221FJ+ 

OP42FZ+ 

LM358AN 

OP221FZ+ 

MPC319C 

PM219Y 

LM358H 

OP221GJ+ 

MPC324C 

OP421HY+ 

LM358N 

OP221GZ+ 

A.PC339C 

PM139Y 

LM394BH 

MAT02FH+ 

jiPC3403C 

OP421HY+ 

LM394CH 

MAT02FH+ 

/iPC356C 

PM3S6AZ 

LM394H 

MAT02FH+ 

MPC356C 

OP16GZ+ 

LM709CH 

OP06GJ+ 

MPC357C 

0P17GZ+ 

LM709CN 

OP08GZ+ 

jiPC358C 

OP221GZ+ 

LM709CN-8 

OP06GZ+ 

pPC4071C 

OP15GZ 

^PC4072C 

OP215GZ 

*iPC4081C 

OP15GZ 

NEC 

MPC4082C 
,iPC4250C 
MPC4557C 
/jPC4558C 
MPC4559C 

MPC4560C 
MPC4574C 
MPC4741C 
>iPC4741C 
MPC6012C 

pPC624C 
MPC624D 
MPC741C 
MPC811C 
AiPC812C 

^PC813C 


RCA 

CA101 

CA124E 

CA139AF 

CA139F 

CA1458E 

CA1458T 

CA1SS8E 

CA1558T 

CA1S8 

CA1S8 

CA1S8AE 

CA1S8AT 

CA201 

CA224E 

CA239AF 

CA239F 

CA2S8 

CA2S8 

CA2S8AE 

CA258AT 

CA2904E 

CA301 

CA301A 

CA307E 

CA307T 

CA311E 

CA311T 

CA3140AE 

CA3140AT 

CA3140E 

CA3140T 

CA3160AT 

CA3160T 

CA3193AE 

CA3193AT 


PMI 

OP215GZ 

OP22HZ+ 

OP270+ 

OP270+ 

OP270+ 

OP270+ 

OP471FY 

OP11GP+ 

OP400FY+ 

DAC312FR 

DAC08EP 

DAC08EQ 

OP02DP+ 

0P15FZ 

OP215FZ 

0P16FZ 


PMI 

OP77+ 

OP421CY+ 

PM139AY 

PM139Y 

0P14DP+ 

OP14CJ+ 

0P14Z+ 

OP14J+ 

OP221AZ+ 

OP221CJ+ 

OP221AZ+ 

OP221CJ+ 

OP77+ 

OP421GY+ 

PM139AY 

PM139Y 

OP221GZ+ 

OP221GJ+ 

OP221GZ+ 

OP221GJ+ 

OP221GZ+ 

OP77+ 

OP77+ 

OP77GP+ 

OP77FJ+ 

PM211Y 

PM211J 

OP41GP+ 

OP41BJ+ 

OP41GP+ 

OP41FJ+ 
OP41BJ+ 
OP41FJ+ 
OP77FZ+ 
OP77FJ+ 
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PMI 


RAYTHEON 

PMI 
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PMI 
~  

CA3193E 

OP77GP+ 

HA1-4741-2 

OP11BY  ; 

OP07AT 

OP77AJ+ 

CA3193T 

OP77FJ  + 

HA1-4741-2 

OP400AY  •;■ 

OP07AT/883B 

OP07AJ/883C 

CA3240AE 

OP215BZ  I 

HA1-4741-5 

0P11GP+ 

OP07AT/883B 

OP77AJ/883C+ 

\JVC  IOD  T  ^ 

LJ  A  1  A  7 A  1  C 

Ur **UUr  I  ^ 

uru  /  uut 

uru  / tz. 

CA3240E 

OP215CZ+ 

HA1-4741-8 

OP11BY/883C+ 

OP07CDE 

OP77FZ^ 

CA3240E1 

OP215CYt 

HA1-4741-8 

OP400AY/883C+ 

OP07CNB 

OP07CP 

CA324E 

OP421HY! 

HA3-4741-5 

OP11FYI 

OP07CNB 

OP77GP+ 

CA339AF 

PM139AY 

HA3-4741-5 

OP400FY  ; 

OP07CT 

OP07CJ 

Unooyr 

r  IVI  1  OS  1 

LIVI  IUIMUC 

OP77BZ  r 

Uru/  U  1 

KJri  /  r  j~ 

CA3493AE 

OP77BZ+ 

LM101ADE/883B 

0P77BZ/883O 

OP07DDE 

OP07CZ 

CA3493AT 

OP77BJ + 

LM101AH 

OP77BJ '. 

OP07DDE 

OP77FZ- 

CA3493E 

OP77GP+ 

LM101AH/8838 

0P77BJ/883O 

OP07DE 

OP07Z 

CA3493T 

OP77FJ  + 

LM124 

OP400t 

OP07DE 

OP77BZ^ 
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OP221GJ+ 

LM139AJ 

PM139AY 

OP07DE/883B 

OP77B27883C+ 

CA358AE 

OP221GZ- 

LM139AJ/883B 

PM139Y/883C 

OP07DNB 

OP07DP 

CA358AT 

OP221GJ+ 

LM139J 

PM139Y 

OP07DNB 

OP77GP+ 

CA741CE 

PM741CY 

LM139J/883B 

PM139Y/883C 

OP07DT 

OP07DJ 

UA/41  Ob 
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Ur/  /  ' 

LM  l*4oJ 

L/r^UUHT 

nDfi7nT 
uru/  u  i 

HD77P  14- 

CA741 CT 

PM741CJ 

LM148J/883B 

OP400AY/883C-i- 

OP07EDE 

OP07EZ 

CA741CT 

OP77FJ  + 

LM201ADE 

OP77FZI 

OP07EDE 

OP77FZ+ 

CA741E 

PM741Y 

LM201  AH 

OP77FJ+ 

OP07ENB 

OP07EP 

CA741E 

OP77BZH 

LM248J 

OP400FY  ■!• 

OP07ENB 

OP77FP+ 

C  A741 T 

rM/41J 

1  AjIO/IQM 
LIVlii^olN 

Ur'IWJUr  * 

uru/ 1 1 

u  ru  /  c  J 

CA741T 

OP77BJI 

LM2901N 

CMP04FP ! 

OP07ET 

OP77FJ+ 

CA747CE 

OP04DY-r 

LM301ADE 

OP77FZ -i 

OP07T 

OP07J 

CA747E 

OP04Y-: 

1    1  41  O  f\  A  A  LI 

LM301  AH 

OP77FJ+ 

OP07T 

OP77BJ+ 

CA748CE 

OP08GZI- 

LM301  AN 
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UP07T/883B 

UP07J/883C 

UM/4EJU  1 
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UrU/  l/OOOD 

OP77R  l/RRTP-i- 

CA748E 

OP400FY  '-■ 

OP27ADE 

OP27AZ 

CA748T 

OP08AJ* 

LM348N 

OP400GP  + 

OP27ADE/883B 

OP27AZ/883C 

LM311E 

PM211Y 

OP05ADE 

OP05AZ 

OP27AT 

OP27AJ 

LM311T 

PM211J 

OP05ADE/883B 

OP05AZ/883C 

OP27AT/883B 

OP27AJ/883C 

LM324E 

^1  nnc  AT 

Ur<i  /  DUE 

PID07R7 

rUOn  1 f  oOOD 

Ur£l  DUD  OOOD 

nP?7R7/RR?P 

RAYTHEON 

PMI 

OP05CDE 

OP05CZ 

OP27BT 

OP27BJ 

OP05CNB 

OP05CP 

OP27BT/883B 

OP27BJ/883C 

DAC08ADM 

DAC08AQ 

OP05CT 

OP05CJ 

OP27CDE 

OP27CZ 

DAC08ADM/8S3B 

DAC08AQ/883C 

OP05DE 

OP05Z 

OP27CDE/883B 

OP27CZ/883C 

DAC08CDC 

DAC08CQ 

OP05DE/883B 

OP05Z/883C 

OP27CT 

OP27CJ 

DAC08DM 

DAC08Q 

OP05EDE 

OP05EZ 

OP27CT/883B 

OP27CJ/883C 

DAC08EDC 

DAC08EQ 

OP05ENB 

OP05EP 

OP27EDE 

OP27EZ 

DAC08HDC 

DAC08HO 

OP05ET 

OP05EJ 

OP27ENB 

OP27EP 

DAC10BDM 

DAC10BX 

OP05T 

OP05J 

OP27ET 

OP27EJ 

DAC10BDM/883B 

DAC10BX/883C 

OP05T/883B 

OP05J/883C 

OP27FDE 

OP27FZ 

DAC10CDM 

DAC10CX 

OP07ADE 

OP07AZ 

OP27FNB 

OP27FP 

DAC10CDM/883B 

DAC10BX/883C 

OP07ADE 

OP77AZ+ 

OP27FT 

OP27FJ 

DAC10FDC 

DAC10FX 

OP07ADE/883B 

OP07AZ/883C 

OP27GDE 

OP27GZ 

DAC10GDC 

DAC10GX 

OP07ADE/883B 

OP77AZ/883C-T 

OP27GNB 

OP27GP 

DAC6012ADC 

DAC312ER 

OP07AT 

OP07AJ 

OP27GT 

OP27GJ 

DAC6012DC 

DAC312FR 

DAC6012DM/883B  DAC312BR/883C 
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RAYTHEON 

OP37ADE 

OP37ADE/883B 

OP37AT 

OP37AT/883B 

OP37BDE 

OP37BDE/863B 

OP37BT 

OP37BT/883B 

OP37CDE 

OP37CDE/883B 

OP37CT 

OP37CT/883B 

OP37EDE 

OP37ENB 

OP37ET 

OP37FDE 

OP37FNB 

OP37FT 

OP37GDE 

OP37GNB 

OP37GT 

RC1458DE 

RC1458H 

RC1458NB 

RC1458T 

RC2041 

RC3302DB 

RC4136DB 

RC4136DC 

RC4156DB 

RC4156DC 

RC4556 

RC45S8 

RC4559 

RC4S05DE 

RC4805EDE 

RC4805ET 

RC4805T 

RC714CDE 

RC714CDE 

RC714CH 

RC714CH 

BC714EDE 

RC714EDE 

RC714EH 

RC714EH 

RC714LDE 

RC714LDE 

RC714LH 

RC714LH 


PMI 

OP37AZ 

OP37AZ/883C 

OP37AJ 

OP37AJ/883C 

OP37BZ 

OP37BZ/883C 

OP37BJ 

OP37BJ/883C 

OP37CZ 

OP37CZ/883C 

OP37CJ 

OP37CJ/883C 

OP37EZ 

OP37EP 

OP37EJ 

OP37FZ 
OP37FP 
OP37FJ 
OP37GZ 
OP37GP 

OP37GJ 

0P14CZ+ 

OP14CJ+ 

OP14DP+ 

OP14CJ+ 

OP270+ 

CMP04FP+ 

OP09FP+ 

OP09FY+ 

OP470FY+ 

OP470FY+ 

OP270+ 

OP270+ 

OP270+ 

CMP05GZ 

CMP05FZ 

CMP05FJ 

CMPOSGJ 

OP07CZ 
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RC741T 

RC747DB 

RC747DB 

RC747DC 

RC747DC 

REF01ADE/883B 
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PMI 

OP06GJ+ 
OP77FJ+ 
PM741CJ 
OP77FJ+ 
PM741CJ 

OP77FJ+ 
PM747CY 
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REF01Z/883C 
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REF01HZ 

REF01HJ 

REF01J/883C 

REF02AZ/883C 

REF02AJ/883C 

REF02CZ 

REF02CJ 

REF02CZ 

REF02Z/883C 

REF02DJ 

REF02EZ 

REF02EJ 

REF02HZ 

REF02HJ 

REF02J/883C 

REF03GP+ 

REF03GP+ 

0P14Z+ 

OP14Z/883C+ 

OP14J+ 

OP14J/883C+ 

OP09AY+ 

OP09AY/883C+ 

OP470AY+ 
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OP77BZ+ 
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OP77BJ+ 
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RM714H/883B 
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RM741T 

RM741T 

RM747DC 
RM747DC 
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OP77BJ/883C+ 

OP06CJ+ 

PM741J 
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OP04Y+ 
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LM119F 

PM119Y 

LM139AF 

PM139AY 

LM139AF 

CMP04BY+ 

LMlo9r 

KMloyY 

LM139P 

CMPU4DT+ 

LM211FE 

PM211Z 

LM219F 

PM219Y 

LM239 

CMP04FY+ 

LM239AF 

CMP04FY+ 

LM339 

CMP04FP+ 

LM339AN 

CMP04FP+ 

MC1408-7F 

DAC1408A-7Q 

MC1408-7N 

DAC1408A-7P 

MC1458H 

0P14CJ+ 

MC14S8N 

0P14DP+ 

MC1S08-8F 

DAC1508A-8Q 

MC1558H 

0P14J+ 

MC1S58N 

0P14Z+ 

MC3303F 

OP421HY+ 

MC3403F 

OP421HY+ 

MC3503F 

OP421CY+ 

NE4S58FE 

OP14DZ+ 

NE4558N 

OP14DP+ 

NE530FE 

OP42FZ+ 

NE530H 

OP42FJ+ 

NE531FE 

OP42FZ+ 

NES31H 

OP42FJ+ 

NE538FE 

OP42FZ+ 

NES38H 

OP42FJ+ 

NESS12FE 

OP270+ 
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PMI 

NE5514F 

OP470FY+ 

NE5514N 

OP470FY+ 

NE5532 

OP270 

NE5532A 

OP270 

NE5534 

OP27GZ+ 

NE5534 

OP27GP-^ 

NE5534AFE 

OP27GZ+ 

NE5534AN 

OP27GP+ 

SA1458N 

OP14Z+ 

SA4558FE 

OP14CZ+ 

SA4558N 

0P14CZ+ 

SA741CN 

OP02DZ+ 

SE4558FE 

OP14Z+ 

SE530FE 

OP42AZ+ 

SE530H 

OP42AJ-T 

SE531FE 

OP42AZ+ 

SE531H 

OP42AJ+ 

SE538FE 

OP42AZ+ 

SE538H 

OP42AJ-T 

SE5512FE 

OP270+ 

SE5514F 

OP470AY+ 

SE5514N 

OP470AY+ 

SE5534 

OP27CZ-T 

SE5534AFE 

OP27CZ- 

MA741 CFE 

OP02DP+ 

MA741CN 

OP02DP+ 

MA741FE 

OP02BZ+ 

^A741N 

OP02BZ4- 

yA747CF 

PM747CY 

^A747CF 

OP04DY-f 

MA747F 

PM747Y 

jiA747F 

OP04Y+ 
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PMI 
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c.WOSRK 

"^WOSRY 
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DG200ACJ 

SW05GP 

DG200ACK 

SW05FY 

DG201AAK 

SW201BQ 

DG201ABK 

SW201 FQ 

DG201ACJ 

SW201GP 

DG201ACK 

SW201  FQ 

DG202AK 

SW202BQ 

DG202BK 

SW202FQ 

DG202CJ 

SW202GP 

DG202CK 

SW202FQ 

DG506AAK 

MUX16AT 

cm  imwiv 

PMI 

DG506ABK 

MUX16ET 

DG506ACK 

MUX16FT 

DG507AAK 

MUX28AT 

DG507ABK 

MUX28ET 

DG507ACK 

MUX28FT 

DG508AAK 

MUX08AQ 

DG508ABK 

MUX08EQ 

DG508ACJ 

MUX08FP 

LKobUoAUK 

MUXUbrU 

LKobUyAAK 

MUA<i4AU 

DG509ABK 

MUX24EQ 

DG509ACJ 

MUX24FP 

DG509ACK 

MUX24FQ 

TELEDYNE 

PMI 

TSC9495CJ 

REF02CP 

TSC9495CJ 

REF02HP+ 

TSC9496CJ 

REF01CP 

TSC9496CJ 

REF01  HP-f 

Tl 

PMI 

LM101AJG 

OP77BZ^ 

LM107JG 

OP77BZH- 

LM108JG 

PM108Z 

LM108JG 

OP97AZ+ 

LM124J 

OP400AY- 

LM139AFH 

PM139ARC/883C 

LM139AJ 

PM139AY 

LM139J 

PM139Y 

LM148J 

PM148Y 

LM148J 

OP400AY+ 

LM201AJG 

OP77FZ+ 

LM207JG 

OP77FZ+ 

LM208JG 

OP97FZ+ 

LM224J 

OP400FY^ 

LM301AP 

OP77GP- 

LM307P 

OP77GP+ 

LM308P 

OP97FP+ 

LM324N 

OP400GP-r 

LM3302J 

CMP04FY+ 

MC1458JG 

0P14DZ+ 

MC1558JG 

OP14BZ+ 

MC3303J 

OP421GY+ 

MC3403J 

OP421HY- 

MC3503J 

OP421CY+ 

OP07CJG 

OP07CZ 

Tl 

OP07CJG 

OP07CP 

OP07CP 

OP07DP 

OP07DP 

OP07EJG 

OP07EJG 

OP07EP 

OP07EP 

OP12AJG 

OP12AJG 
OP12BJG 
0P12BJG 
0P12CJG 
OP12CJG 

0P12EJG 
OP97EJG 
OP12FJG 
0P12FJG 
0P12GJG 

0P12GJG 

OP227EJ 

OP227FJ 

OP227GJ 

RC4136J 

RC4136N 

RC4558JG 

RC4559 

RM4136J 

RM4558JG 

RV4136J 

RV4558JG 

TL136CJ 

TLC7524CN 

TLC7528IN 

,iA714CJG 
,uA714EJG 
MA714LJG 
MA741 CJG 
MA741MJG 


PMI 

OP77FZ+ 

OP07CP 

OP77GP+ 

OP07DP 

OP77GP+ 

OP07EZ 

OP77FZ+ 

OP07EP 

OP77FP+ 

OP12AZ 

OP97AZ+ 

OP12BZ 

OP97AZ+ 

0P12CZ 

OP97AZ- 

0P12EZ 

OP97FZ+ 

0P12EZ 

OP97FZ+ 

OP12GZ 

OP97FZ+ 
OP227EY 
OP227FY 
OP227GY 
OP09FY- 

OP09FP+ 

OP270+ 

OP270+ 

OP09AY+ 

OP270+ 

OP09AYH- 

OP270+ 

OP470FY+ 

PM7524HP 

PM7528FR 

OP07CZ+ 
OP07EZ+ 
OP07CZ+ 
OP77FZ+ 
OP77BZ+ 
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I'rcc  Iniihi  AT onu! it  h  its  Inc. 


These  devices  are  functionally  similar,  but  may  have  some  electrical  and/or  pin-out  differences. 


rMI 

AD1403 

REF43 

AD1403A 

REF43 

AD509JH 

OP44FJ 

AO509KH 

OP44EJ 

AOS09SH 

OP44AJ 

ADS1S 

OP80 

ADS21 

AMP01 

AD522 

AMP01 

AD544JH 

OP43FJ 

AD544KH 

OP43FJ 

AD544LH 

OP43EJ 

AD544SH 

OP43AJ 

AD545JH 

OP41FJ 

AD545KH 

OP41FJ 

AD545LH 

OP41EJ 

AD547JH 

0P41FJ 

AD547SH 

OP41AJ 

AD580 

REF43 

AD581 

REF01 

AD582 

SMP10 

ADS83 

SMP10 

AD62S 

AMP01 

AD642 

OP215 

AD644JH 

OP215FJ 

A0644KH 

OP215EJ 

AD644SH 

OP215AJ 

AD711 

OP15 

AD712 

OP16 

AD7225 

DAC8408 

AD7S01 

MUX08 

AD7502 

MUX24 

AD7503 

MUX08 

AD7506 

MUX16 

AD7507 

MUX28 

AD7537 

DAC8248 

AD7547 

DAC8212 

BURR-BROWN 

PMI 

BURR-BROWN  PMI 


AD515 

BB408S 

INA101 

INA104 

INA110 

OPA101AM 
OPA101BM 
OPA102AM 
OPA102BM 
OPA103AM 


OP80 

PKD01 

AMP01 

AMP01 

AMP05 

OP42FJ 
OP42EJ 
OP44FJ 
OP44EJ 
OP41AJ 


OPA103BM 

OPA103CM 

OPA103DM 

OPA104 

0PA111AM 

OPA111BM 

OPA111SM 

OPA128 

OPA211 

REF10JM 

REF10KM 

REF10RM 

REF10SM 

SHC298AM 

SHC8S 


EXAR 

XR082CN 

XR082CP 

XR082M 

XR082N 

XR082P 

XR4212CN 

XR4212CP 

XR4212M 

XR4S60 

XRSS32 

XRS532A 

XRSS33 

XR5533A 

XRS534 

XR5S34A 


FAIRCHILD 

/iA198 

juA398 

/iA710H 

MA734 

/iA798TC 


HARRIS 

HA2-25CO-2 
HA7-2500-2 
HA2-2500-8 
HA7-2500-8 
HA7-2502-2 


0P41AJ 

OP41AJ 

0P41AJ 

OP80 

0P41EJ 

0P41EJ 

OP41AJ 

OP80 

OP215AJ 

REF01EJ 

REF01EJ 

REF10AJ 

REF10AJ 

SMP10 

SMP10 


PMI 

OP21SGZ 
OP215GZ 
OP21SBZ 
OP215BZ 
OP215BZ 

OP470FY 

OP470FY 

OP470AY 

OP271 

OP270 

OP270 

OP215 

OP215 

OP27 

OP27 


PMI 

SMP11 

SMP11 

CMP05J 

CMP01 

OP220GZ 


PMI 

OP42AJ 

OP42AZ 

OP42AJ/883C 

OP42AZ/883C 

OP42AZ 


HARRIS 

HA2-2502-2 
HA7-2502-8 
HA2-2502-8 
HA3-2505-5 
HA2-250S-S 

HA7-2505-5 
HA7-2510-2 
HA2-2510-2 
HA7-2510-8 
HA2-2510-8 

HA4-2510-8 
HA2-2S12-2 
HA7-2512-2 
HA2-2512-8 
HA7-2S12-8 

HA3-2515-5 
HA2-2515-5 
HA7-2515-5 
HA7-2520-2 
HA2-2520-2 
HA2-2520-8 
HA7-2520-8 
HA4-2520-8 
HA2-2S22-2 
HA7-2522-2 

HA7-2522-8 
HA2-2522-8 
HA2-2525-5 
HA3-2525-5 
HA7-2525-5 

HA1-2541-5 
HA4-4741-8 
HA1-4900-2 
HA1-4900-8 
HA1-4902-2 

HA1-4902-8 
HA1-4905-5 
HA4-5102-8 
HA4-5104-8 
HA-5127 

HA1-5134A-2 

HA1-5134A-5 

HA1-5134-2 

HA1-5134-5 

HA-5137 

HA2-5141A-2 
HA7-5141A-2 
HA3-5141A-5 
HA7-5141A-5 
HA2-5141A-5 


PMI 

OP42AJ 

OP42AZ/883C 

OP42AJ/883C 

OP42GP 

OP42FJ 

OP42FZ 

OP42AZ 

OP42AJ 

OP42AZ/883C 

OP42AJ/8S3C 

OP42ARC/883C 

OP42AJ 

OP42AZ 

OP42AJ/883C 

OP42AZ/883C 

OP42GP 
OP42FJ 
OP42FZ 
OP44AZ 
OP44AJ 

OP44AJ/883C 

OP44AZ/883C 

OP44ARC/883C 

OP44AJ 

0P44AZ 

OP44AZ/883C 

OP44AJ/883C 

OP44FJ 

OP44GP 

OP44FZ 

OP65EZ 

OP400ARC/883C 
CMP04AY 
CMP04AY/883C 
CMP04AY 

CMP04AY/883C 

CMP04FY 

OP270ARC/883C 

OP470ARC/883C 

OP27 

OP400AY 
OP400EY 
OP400AY 
OP400FY 
OP37 

OP20CJ 
OP20CZ 
OP20HP 
OP20HZ 
OP20HJ 


U 


«5 

s 

§ 
u 

s 

Q 

z 
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FUNCTIONAL 
REPLACEMENT  GUIDE 


Precision  Alonolithics  Inc. 


These  devices  are  functionally  similar,  but  may  have  some  electrical  and/or  pin-out  differences. 


HARRIS 

HA2-5141A-8 

HA7-5141A-8 

HA7-5141-2 

HA2-5141-2 

HA2-5141-5 

HA3-5141-5 
HA7-5141-5 
HA2-5141-8 
HA7-5141-8 
HA2-5142A-2 

HA7-5142A-2 
HA2-5142A-5 
HA3-5142A-5 
HA7-5142A-5 
HA2-5142A-8 

HA7-5142A-8 

HA2-5142-2 

HA7-5142-2 

HA7-5142-5 

HA2-5142-5 

HA3-5142-5 

HA7-5142-8 

HA2-5142-8 

HA1-5144A-2 

HA1-5144A-5 

HA3-5144A-5 

HA1-5144A-8 

HA4-5144A-8 

HA1-5144-2 

HA1-5144-5 

HA3-5144-5 
HA1-5144-8 
HA2-5160-2 
HA2-5160-5 
HA2-5160-8 

HA2-5162-5 
HA2-5170-2 
HA2-5170-4 
HA2-5170-5 
HA3-5170-5 

HA2-5170-8 

HA2-5180A-2 

HA2-5180A-4 

HA2-5180A-5 

HA2-5180A-8 

HA2-5180-2 
HA2-5180-4 
HA2-5180-5 
HA3-5180-5 
HA2-5180-8 


PMI 

OP20CJ/883C 

OP20CZ/883C 

OP20CZ 

OP20CJ 

OP20HJ 

OP20HP 

OP20HZ 

OP20CJ/883C 

OP20CZ/883C 

OP220CJ 

OP220CZ 
OP220QJ 
OP220GZ 
OP220GZ 
OP220CJ/883C 

OP220CZ/883C 

OP220CJ 

OP220CZ 

OP220GZ 

OP220GJ 

OP220GZ 

OP220CZ/883C 

OP220CJ/883C 

OP420BY 

OP420FY 

OP420FY 

OP420BY/883C 

OP420CRC/883C 

OP420CY 

OP420HY 

OP420HY 

OP420CY/883C 

OP44AJ 

OP44EJ 

OP44AJ/883C 

OP44FJ 
OP43AJ 
OP43EJ 
OP43EJ 
OP43GP 

OP43AJ/883C 

OP43AJ 

OP43EJ 

OP43EJ 

OP43AJ/883C 

OP43AJ 
OP43EJ 
OP43EJ 
OP43GP 
OP43AJ/883C 


INTERSIL 

ICL7650 
ICL8021 
ICL8043 
ICL8500 
ICL8500A 

IH5110 
IH5111 
IH5112 
IH5113 
IH5114 

IH5115 

,iA777HC 

pA777MC 


PMI 

OP77 

OP22 

OP215 

OP80 

OP80 

SMP11 
SMP11 
SMP11 
SMP11 
SMP11 

SMP11 

OP77FJ 

OP77BJ 


LINEAR 

TECHNOLOGY  PMI 


LT1002ACJ 


OP10EY 


LT1002AMJ/883B  OP10AY/883C 


LT1002AMJ 

LT1002CJ 

LT1002MJ/883B 


OP10AY 
OP10CY 
OP10Y/883C 


LT1002MJ  OP10Y 
LT1006ACH  OP97EJ 
LT1006ACJ8  OP97EZ 
LT1006AMH/683B  OP97AJ/883C 
LT1006AMH  OP97AJ 

LT1006AMJ8/883B  OP97AZ/883C 
LT1006AMJ8  OP97AZ 
LT1006CH  OP97FJ 
LT1006CJ8  OP97FZ 
LT1006CN8  OP97FP 

LT1006MH/883B  OP97AJ/883C 

LT1006MH  OP97AJ 

LT1006MJ8/883  OP97AZ/883C 

LT1006MJ8  OP97AZ 

LT1011ACH  CMP01EJ 

LT1011ACJ8  CMP01EZ 
LT1011ACN8  CMP01EP 
LT1011AMH/883B  CMP01J/883C 
LT1011AMH  CMP01J 
LT1011AMJ8/883B  CMP01Z/883C 


LT1011AMJ8 
LT1011CH 
LT1011CJ8 
LT1011CN8 


CMP01Z 
CMP01EJ 
CMP01EZ 
CMP01EP 


LT1011MH/883B  CMP01J/883C 


LT1011MH 

LT1011MJ8/883B 

LT1011MJ8 

LT1019CH-10 

LT1019CH-5.0 


CMP01J 

CMP01Z/883C 

CMP01Z/883C 

REF01EJ 

REF02EJ 


LINEAR 
TECHNOLOGY 

LT1019CH-2.5 

LT1019CN8-10 

LT1019CN8-5.0 

LT1019CN8-2.5 

LT1019MH-10/ 

883B 

LT1019MH-10 

LT1019MH-5.0/ 

883B 

LT1019MH-5.0 
LT1019MH-2.5/ 
883B 

LT1019MH-2.5 

LT1021BCH-10 

LT1021BCH-5 

LT1021BCN8-10 

LT1021BCN8-5 

LT1021BMH-10/ 

883B 

LT1021BMH-10 
LT1021BMH-5/ 
883B 

LT1021BMH-5 
LT1021CCH-10 
LT1021CCH-5 

LT1021CCN8-10 
LT1021CCN8-5 
LT1021CMH-10/ 
883B 

LT1021CMH-10 
LT1021CMH-5/ 
883B 

LT1021CMH-5 

LT1021DCH-10 

LT1021DCH-5 

LT1021DCN8-10 

LT1021DCN8-5 

LT1021DMH-10/ 
883B 

LT1021DMH-10 
LT1021DMH-5/ 
883B 

LT1021DMH-5 
LT1022ACH 

LT1022AMH/ 
883B 

LT1022AMH 
LT1022CH 
LT1022CN8 
LT1022MH/883B 


PMI 

REF43FJ 
REF01HP 
REF02HP 
REF43FP 

REF01AJ/883C 
REF01AJ 

REF02AJ/883C 
REF02AJ 

REF43BJ/883C 
REF43BJ 

REF01EJ 
REF02EJ 
REFOIEZ 
REF02EZ 

REF01AJ/883C 
REF01AJ 

REF02AJ/883C 
REF02J 
REF01EJ 
REF02EJ 

REF01EZ 
REF02EZ 

REF01AJ/883C 
REF01AJ 

REF02AJ/883C 

REF02AJ 
REF01HJ 
REF02HJ 
REF01HP 
REF02HP 

REF01J/883C 
REF01J 

REF02J/883C 

REF02J 

OP16EJ 

OP16AJ/883C 

OP16AJ 

OP16FJ 

OP16FZ 

OP16BJ/883C 
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Mono!  it  li  ics  I  no. 


FUNCTIONAL 
REPLACEMENT  GUIDE 


These  devices  are  functionally  similar,  but  may  have  some  electrical  and/or  pin-out  differences. 
LINEAR 


TECHNOLOGY 

PMI 

1IAVIU 

MAXIM 

rini 

MOTOROLA 

PMI 

LT1022MH 

OP16BJ 

AD2700 

REF01 

MC1400GS 

REF02EJ 

LT1024ACN 

OP207EY 

AD580 

REF43 

MC1404U10 

REF01CZ 

LT1024AMD/883B 

OP207AY/883C 

AD581 

REF01 

MC1404U5 

REF02CZ 

LT1024AMD 

OP207AY 

AD581 

REF10 

MC1406L 

DAC01DY 

LT1024CN 

OP207FY 

MC1456CG 

OP01CJ 

LT1024MK/B83B 

OP207AY/883C 

MUIUHULA 

BUI 

MC1456CP1 

OP01CP 

LT1024MD 

OP207AY 

MC1456G 

OP01CJ 

LT1028ACH 

OP27EJ 

AD562AD 

PM562FV 

MC1456P1 

OP01CP 

LT1028ACJ8 

OP27EZ 

AD562KD 

PM562HV 

MC15C0AG10 

REF01AJ 

LT1028ACN8 

OP27EP 

AD562SD 

PM562AV 

MC1500AG5 

REF02AJ 

LT1028AMH/883B  OP27AJ/883C 

LF351N 

0P15GZ 

MC1500G10 

REF01J 

LT1028AMH 

OP27AJ 

LF353N 

OP215GZ 

MC1500G5 

REF02J 

LT1028AMJ8/883B  OP27A27883C 

LM11CH 

OP97CZ 

MC1506L 

DAC01FY 

LT1028AMJ8 

OP27AZ 

LM11CJ 

OP97FZ 

MC1556G 

OP01J 

LT1028CH 

OP27CJ 

LM11CJ-8 

OP97FZ 

MC1556U 

OP01Z 

LT1028CJ8 

OP27CZ 

LM11CLH 

OP97FJ 

MC1748CG 

OP06GJ 

LT1028CN8 

OP27CP 

LM11CLJ 

OP97FZ 

MC1748CP1 

OP06GZ 

LT1028MH/883B 

OP27J/883C 

LM11CLJ-8 

OP97FZ 

MC1748CU 

OP06GZ 

LT1028MH 

OP27J 

LM11CLN 

OP97FP 

MC1748G 

OP08CJ 

LT1028MJ8/883B 

OP27Z/883C 

LM11CLN-14 

OP97FP 

MC174BU 

OP06CZ 

LT1028MJ8 

OP27Z 

LM11CN 

OP97FP 

MC33079P 

OP471GP 

LT1055ACH 

OP15EJ 

LM11CN-14 

OP97FP 

MC34001AG 

0P15GJ 

LT1055AMH/883B  OP15AJ/883C 

LM11H 

OP97AJ 

MC34001AP 

OP15GZ 

LT1055AMH 

OP15AJ 

LM11J 

OP97AZ 

MC34001AU 

OP15GZ 

LT1055CH 

OP15EJ 

LM11J-8 

OP97AZ 

MC34001BG 

0P15GJ 

LT1055CN8 

OP15EZ 

LM101AH 

OP08CJ 

MC34001BP 

0P15GZ 

LT1055MH/883B 

OP15AJ/883C 

LM101AJ 

OP08CZ 

MC34001BU 

0P15GZ 

LT1055MH 

OP15AJ 

LM124J 

OP490AY 

MC34001G 

0P15GJ 

LT1056ACH 

OP16EJ 

LM158H 

OP290AZ 

MC34001 P 

0P15GZ 

LT1056AMH/883B  OP16AJ/883C 

LM158J 

OP290AZ 

MC34C01U 

0P15GZ 

LT1056AMH 

OP16AJ 

LM201AH 

OP08CJ 

MC34002AG 

OP215FJ 

LT1056CH 

OP16EJ 

LM201AJ 

OP08CZ 

MC34002AP 

OP215FZ 

LT1056CN8 

OP16EZ 

LM201AN 

OP08CZ 

MC34002AU 

OP215FZ 

LT1056MH/8B3B 

OP16AJ/883C 

LM224J 

OP490FY 

MC34002BG 

0P21SGJ 

LT10S6MH 

OP16AJ 

LM224N 

OP490FY 

MC34002BP 

OP215GZ 

LT1057ACH 

OP215EJ 

LM258H 

OP290FZ 

MC34002BU 

OP215GZ 

LT1057ACJ8 

OP215EZ 

LM258J 

OP290FZ 

MC34002G 

OP215GJ 

LT1057ACN8 

OP215EZ 

LM258N 

OP290FZ 

MC34002P 

OP215GZ 

LT10S7AMH/883B  OP215AJ/883C 

LM2902J 

OP490FY 

MC34002U 

OP215GZ 

LT1057AMH 

OP215AJ 

LM2902N 

OP490FY 

MC3410CL 

DAC10GX 

LT1057AMJ8/883B  OP215AZ/883C 

LM301AH 

OP08CJ 

MC3476G 

OP22HJ 

LT10S7AMJ8 

OP215AZ 

LM301AJ 

OP08GZ 

MC3476P1 

OP22HZ 

LT1057CH 

OP215EJ 

LM301AN 

OP08GP 

MC3476U 

OP22HZ 

LT1057CJ8 

OP215EZ 

LM307N 

OP08GP 

MC35001AG 

OP15CJ 

LT1057CN8 

OP215EZ 

LM324J 

OP490GY 

MC3S001AU 

OP15CZ 

LT1057MH/8B3B 

OP215AJ/883C 

LM324N 

OP490GP 

MC35001BG 

OP15CJ 

LT1057MH 

OP215AJ 

LM358H 

OP290GP 

MC35001BU 

OP15CZ 

LT10S7MJ8/883B 

OP215A2/883C 

LM358J 

OP290GP 

MC35001G 

OP15CJ 

LT1057MJ8 

OP215AZ 

LM358N 

OP290GP 

MC35001U 

0P15CZ 

MC1400AG10 

REF01EJ 

MC3S002AG 

OP215AJ 

MC1400AG5 

REF02EJ 

MC1400G10 

REF01EJ 
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Precision  Monolithics  Inc. 


These  devices  are  functionally  similar,  but  may  have  some  electrical  and/or  pin-out  differences. 


□  Ml 
rml 

NATIONAL 

PMI 

NATIONAL 

PMI 

MC35002AU 

OP215AZ 

DAC1218LCD 

PM7541EX 

LM208J 

OP97FZ 

MC35002BG 

OP215AJ 

DAC1218LD 

PM7541AX 

LM216AH 

PM1012AJ 

MC35002BU 

OP215AZ 

DAC1219LCD 

PM/54 1  FX 

LMd  lbn 

KM  lUl<:AJ 

MC35002G 

OP215BJ 

DAC1219LD 

ni itc a-*  a  v 

PM7541 BX 

LM2bUH 

/-* ft  a  r~>n or  7 

MC35002U 

OP215BZ 

LF198AH 

c  ft  a  rm  A  v/ 

SMP11  AY 

LMoUl  An 

UrTJouJ 

MC3510L 

DAC10BX 

LF198H 

SMP11AY 

LM301AJ 

OP08GZ 

MC3510L 

DAC10FX 

LF298H 

SMP11AY 

LM301AJ-14 

OP08GZ 

MC4558ACP1 

OP215GZ 

LF398AH 

r—  t  inn  rw 

SMP1 1EY 

i  ft  jirn  a  ki 

LM301  AN 

(JP08GP 

MC4558CG 

OP215GJ 

LF398AN 

bMr  1 1  bY 

1   ft  (Ofti  1  1 

LMJUl  n 

OP15GJ 

MC4558CP1 

OP215GZ 

LF398H 

Oft  JD1 1 CV 

bMr  1 1  bY 

i  unno  a  i 
LMoUoAJ 

OP97FZ 

MC4558CU 

OP215GZ 

LF398N 

SMP11EY 

LM308J 

OP97FZ 

MC4558G 

OP215CJ 

LF400CH 

OP42FJ 

LM316AH 

PM1012GJ 

MC4558NCG 

OP215GJ 

LF400UN 

OP42FZ 

lmo  ion 

rlVl  IKJlcKJJ 

MC4558NCP1 

OP215GZ 

1    f  A  A  4  A  /"*  h  1 

LF441 ACN 

Ur4our 

LMobUn 

MC4558NCU 

OP215GZ 

LH0002CH 

□  i  i  cn  i  c  I 

LMobUN 

MC4558NG 

OP215CJ 

LH0002H 

BUF03BJ 

LM363AD 

AMP01EX 

MC4558NU 

OP215CZ 

LH0023CG 

SMP11EY 

LM363D 

AMP01FX 

MC4558U 

OP215CZ 

LH002oC3 

bMr  1 1  AY 

1  Mfi/"17  A/"1!-! 
LMDU/  rtOrl 

OD77C  t 

TL071ACJG 

OP15GZ 

LH0024CH 

OP65EJ 

1  h  ACZC\7  A  (~*  1 

LMbUf  AUJ 

TL071ACP 

OP15GZ 

LH0024H 

OP65AJ 

1  ft.  ARC\7  APM 

LMbUf  AL.N 

HD77CD 

TL071BCJG 

OP15GZ 

LH0038CD 

AMP01FX 

LM607AMH 

OP77AJ 

TL071BCP 

OP15GZ 

LH0038D 

AMP01  BX 

LM607AMJ 

OP77AZ 

TL071CJG 

0P15GZ 

LHUU4oOu 

bMr  lUbY 

LlvtDUr  C30n 

Url / rJ 

TL071CP 

0P15GZ 

LMUU4JU 

CMD1I"I  AV 
bMrlUAT 

1  M£n7RP  1 
LMOU'  DUJ 

OP77FZ 

TL071MJG 

OP15CZ 

LnUUDiiOn 

1  Mfifl7RrM 
LlVlDUf  DOIN 

OP77FP 

TL072ACJG 

OP215FZ 

LH0062H 

OP42AJ 

LM607BMH 

OP77BJ 

TL072ACP 

OP215FZ 

LM11CD 

OP97EZ 

LM607BMJ 

OP77BZ 

TL072BCJG 

OP215FZ 

LM11CH 

OP97EJ 

LM607CH 

OP77FJ 

TL072BCP 

OP215FZ 

LM11CLD 

OP97FZ 

1  kAcn7r  1 
LMuU*  OJ 

OD77C7 

TL072CJG 

OP215FZ 

LM11CLH 

OP97FJ 

LMoli/LM 

Un  /vjo 

TL072CP 

OP215FZ 

LM11CLN 

OP97FP 

LM607CN 

OP77GP 

TL072MJG 

OP215CZ 

LM11CLN-14 

OP97FP 

LM741CJ-14 

OP77GZ 

TL081ACJG 

0P15GZ 

LM11CN 

OP97FP 

LM741CN-14 

OP77GP 

TL081ACP 

0P15GZ 

LM11CN-14 

OP97FZ 

LM741J-14 

OP77BZ 

TL081BCJG 

0P15GZ 

LM11D 

OP97AZ 

TL081 BCP 

0P15GZ 

LM11H 

OP97AJ 

RCA 

PMI 

TL081CJG 

0P15GZ 

LM101AH 

OP08CJ 

TL081CP 

OP15GZ 

LM101AJ 

OP08CZ 

CA081AE 

0P15GZ 

TL081MJG 

OP15CZ 

LM101AJ-14 

OP08CZ 

CA081  E 

OP15GZ 

TL082ACJG 

OP215GZ 

LM102H 

OP15CJ 

CA082AE 

OP215GZ 

TL082ACP 

OP215GZ 

LM108AJ 

OP97AZ 

CA082E 

OP215GZ 

TL082BCJG 

OP215GZ 

LM108J 

OP97AZ 

CA22301 

RPT82 

TL082BCP 

OP215GZ 

LM160H 

CMP08BZ 

CA22301 

RPT83 

TL082CJG 

OP215GZ 

LM163AD 

AMP01AX 

CA3078AE 

OP90AZ 

TL082CP 

OP215GZ 

LM163D 

AMP01BX 

CA3078E 

OP90GP 

TL082MJG 

OP215CZ 

LM201AH 

OP08CJ 

CA3130AT 

OP80AJ 

LM201AJ 

OP08CZ 

CA3130T 

OP80FJ 

LM201AJ-14 

OP08CZ 

CA3420 

OP80 

LM202H 

0P15CJ 

CA3420A 

OP80 

LM208AJ 

OP97FZ 

CA3440 

OP80 
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These  devices  are  functionally  similar,  but  may  have  some  electrical  and/or  pin-out  differences. 
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INTRODUCTION 

Precision  Monolithics  pioneered  in  the  devel- 
opment of  low-offset,  high-gain  operational 
amplifiers  for  use  in  precision  applications. 
PMI's  proprietary  bipolar  process  with  nitride 
passivation  offers  low  noise,  enhanced  long 
term  reliability  and  improved  radiation  resist- 
ance. In  addition  to  standard  NPN  and  PNP 
devices,  PMI  processing  capabilities  include 
high  speed  PNP,  JFET,  and  super-beta  transis- 
tors as  well  as  laser-trimmed  thin  film  resistors. 
PMI  invented  the  "zener-zapping"  technique  to 
trim  offset  errors  at  the  wafer  level.  This  error 
correction  method  was  designed  to  provide  sta- 
ble offset  reduction  and  high  reliability  for  max- 
imum in-circuit  cost/performance  value.  A  low 
noise,  low  drift  process  combined  with  zener- 
zap  trimming  enables  PMI  to  produce  the  indus- 
try's most  innovative  operational  amplifier  cir- 
cuit designs.  Included  in  this  large  selection  are 
amplifiers  representing  the  state-of-the-art  in 
precision  performance  devices  combining 
extremely  high  speed  with  excellent  DC  perfor- 
mance, as  well  as  devices  providing  high  preci- 
sion at  extremely  low  supply  currents.  Numerous 
amplifiers  are  also  offered  in  space  saving  dual 
and  quad  versions  where  the  use  of  standard 
pin-outs  allows  easy  upgrading  of  existing 
designs  without  circuit  or  PC  board 
modification. 

The  table  below  summarizes  PMI's  operational 
amplifier  families.  All  devices  feature  low  input 
offset  voltage,  low  drift,  and  high  open-loop 
gain. 

Operational  Amplifiers 

•  General  Purpose  Bipolar 


SINGLE 

OP-02 

Improved  General  Purpose 

OP-01 

High  Speed  Inverting 

DUAL 

OP-04/14 

Matched,  8-Pin 

QUAD 

OP-09/11 

High  Gain 

PM148 

High  Gain 

General  Purpose  JFET 

SINGLE 

PM-155/156/157 

JM-38510/11401-6 

JAN  versions 

•  Precision  High  Speed  Improved  JFET 

SINGLE 
OP-15/16/17 
OP-41 
OP-42 
OP-43 
OP-44 


Low  Vos.  Fast 
Low  Ib,  High  Stability 
High  Speed 

Low  Ib,  Medium  Speed 
Very  High  Speed 


DUAL 

OP-215  Dual  OP-15 

Wide  Bandwidth,  High  Speed 

SINGLE 
OP-42 
OP-44 
OP-62 
OP-63 
OP-64 


OP-65 

DUAL 
OP-260 


High  Speed 
Very  High  Speed 
High  Bandwidth,  Precision 
High  Speed,  High  Bandwidth 
Very  High  Speed,  High 
Bandwidth 
SuperFast,  Very  High 
Bandwidth 

SuperFast,  Very  High 
Bandwidth 


•  High  Accuracy  Bipolar 

SINGLE 
OP-05 
OP-06 
OP-08 
OP-12 
OP-50 


Low  Vos.  High  Gain 
Low  Vos.  High  Gain 
Low  Vosp  Low  Noise 
Low  Vos.  Low  Noise 
Low  Vqs.  High  Output  Current 


Precision  Bipolar 


SINGLE 

OP-07 

High 

Gain,  Low  Noise 

OP-77 

High 

Gain,  Low  Noise 

OP-97 

High 

Gain,  Low  Noise 

OP-27 

Very 

Low  Noise 

OP-37  (Fast) 

Very 

Low  Noise 

PM-1008 

Low 

Vos/'b.  High  Gain 

PM-1012 

Low 

Vos/'b.  High  Gain 

DUAL 

OP-10 

Low 

Offset 

OP-207 

Low 

Offset 

OP-200 

Dual 

OP-07/OP-77 

OP-227 

Low 

Vos.  Low  Noise 

OP-270 

Low 

Vos.  Low  Noise 

OP-271 

High 

Speed  OP-270 
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Precision  Bipolar 

QUAD 
OP-400 
OP-470 
OP-471  (Fast) 

Low  Power,  Low  I 

SINGLE 

PM-108/208/308 

OP-08 

OP-12 

PM-1008 

PM-1012 

OP-21 

OP-80 

OP-97 


Quad  OP-07/OP-77 
Low  Vos.  Low  Noise 
Low  Vos,  Low  Noise 

nput  Bias  Current 

Industry  STD 
Improved  108 
Compensated  OP-08 
Low  Ib  over  Temp 
Low  Ib  over  Temp 
Low  Power,  Fast 
CMOS,  Ultra  Low  lB 
Precision,  LowleOverTemp. 


DUAL 

OP-221 

Dual  OP-21 

PM-2108 

Dual  108 

QUAD 

OP-421 

Quad  OP-21 

•  Micropower,  Single  Supply  Bipolar 

SINGLE 

OP-20 

Precision,  Very 

OP-90 

Precision,  Very 

OP-22 

Programmable 

OP-32 

Programmable 

DUAL 

OP-220 

Precision,  Very 

OP-290 

Precision,  Very 

QUAD 

OP-420 

Very  Low  Isy 

OP-490 

Very  Low  Isy 

Isy 
Isy 


DEFINITIONS 

Average  Bias  Current  Drift  (TCIb)  —  The  ratio 
of  change  in  input  bias  current  to  a  change  in 
temperature. 

Average  Offset  Current  Drift  (TCIos)  —  The  ratio 
of  change  in  input  offset  current  to  a  change  in 
temperature. 

Average  Offset  Voltage  Drift  (TCVos)  —  The 

ratio  of  change  in  input  offset  voltage  to  a 
change  in  temperature. 


Average  Offset  Voltage  Drift  With  External 
Trimming  (TCVosn)  —  The  ratio  of  the  change 
in  input  offset  voltage  to  a  change  in  temper- 
ature with  the  input  offset  voltage  trimmed 
to  zero  at  room  temperature. 

Common-Mode  Input  Resistance  (RinCM) 

—  The  ratio  of  input  voltage  range  to  the  change 
in  input  bias  current  over  this  range. 

Common-Mode  Rejection  Ratio  (CMRR) 

—  The  ratio  of  the  common-mode  voltage  range 
(CMVR)  to  the  peak-to-peak  change  in  equi- 
valent input  offset  voltage  (CME)  over  this 
range.  CMRR  is  specified  for  a  specific  CMVR. 
CMRR  =  20  logio  (CMVR/CME) 

Gain-Bandwidth  Product  (GBW)  —  The 

frequency  at  which  the  open-loop  gain  equals 
unity. 

Input  Bias  Current  (Ib)  —  The  average  of  the 
currents  into  the  two  input  terminals  when  the 
output  is  at  zero  volts  with  no  load.  Ib  is 
measured  at  Vqm  =  0. 

Input  Noise  Current  (inp-p)  —  The  peak-to-peak 
noise  current  within  a  specified  frequency  band. 

Input  Noise  Current  Density  (in)  —  The  rms 

noise  current  in  a  1  Hz  band  centered  on  a 
specified  frequency. 

Input  Noise  Voltage  (enp-p)  —  The  peak-to-peak 
noise  voltage  within  a  specified  frequency  band. 

Input  Noise  Voltage  Density  (en)  —  The  rms 

noise  voltage  in  a  1  Hz  band  centered  on  a 
specified  frequency. 

Input  Offset  Current  (Jos)  —  The  difference 
between  the  currents  into  the  two  input 
terminals  when  the  output  is  at  zero  volts  with 
no  load. 

Input  Offset  Voltage  (Vos)  —  The  voltage  which 
must  be  applied  between  the  input  terminals  to 
obtain  zero  output  voltage  with  no  load. 

Input  Resistance-Differential  Mode  (Rin)  —  The 

ratio  of  small-signal  change  in  input  voltage  to  a 
change  in  input  current  at  either  input  terminal 
with  the  other  grounded. 
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Input  Voltage  Range  (IVR)  —  The  range  of  input 
voltage  for  which  the  device  will  operate  as  a 
linear  amplifier. 

Large-Signal  Voltage  Gain  (Avo)  —  The  ratio 
of  change  in  output  voltage  (over  a  specified 
range)  to  a  change  in  input  voltage. 

Open-Loop  Output  Resistance  (Ro)  —  The 
small-signal  driving-point  resistance  of  the 
output  terminal  with  respect  to  ground  at  a 
specified  quiescent  DC  output  voltage  and 
current. 

Output  Voltage  Swing  (Vo)  —  The  peak  output 
voltage  that  can  be  obtained  without  clipping 
into  a  specified  load  resistance. 

Power  Dissipation  (P<i)  —  The  total  power 
dissipated  in  the  amplifier  with  the  output  at 
zero  volts  with  no  load. 

Power  Supply  Refection  Ratio  (PSRR)  —  The 

inverse  ratio  of  change  in  input  offset  voltage  to 
a  change  in  power  supply  voltage.  PSRR  can  be 
specified  in  dB  or  pV/V. 

Slew  Rate  (SR)  —  The  ratio  of  a  change  in 
output  voltage  to  the  minimum  time  required  to 
effect  this  change  under  large-signal  drive  con- 
ditions. Slew  rate  may  be  specified  separately 
for  positive  and  negative-going  changes. 

Supply  Current  (Isy)  —  The  current  required 
from  the  power  supply  to  operate  the  amplifier 
with  no  load  and  the  output  at  zero  volts. 

Unity-Gain  Closed-Loop  Bandwidth  (BW) 

—The  frequency  at  which  the  magnitude  of  the 
small-signal  voltage  gain  of  the  amplifier,  oper- 
ated closed-loop  as  a  unity-gain  follower,  is 
3dB  below  unity. 

MATCHING  PARAMETER  DEFINITIONS 
Input  Offset  Voltage  Match  (AV0s)  —  The  diff- 
erence between  the  offset  voltages  of  side  A  and 
side  B  (Vosa  -  Vosb)-  If  Vosa  =  Vosb.  the  net 
differential  offset  voltage  at  the  output  of  the 
amplifier  pair  equals  zero. 

Input  Offset  Voltage  Tracking  (TCAVos) 

—  The  ratio  of  change  in  AVos  to  a  change  in 

temperature. 
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Average  Noninverting  Bias  Current  (Ib+)  —  The 

average  of  the  side  A  and  side  B  noninverting 
input  bias  currents: 

Iba+  +  Ibb+ 
 2  

Noninverting  Input  Offset  Current  (los+)  —  The 
difference  between  the  noninverting  input  bias 
currents  of  side  A  and  side  B;  <Iba+  ~  'bb+)- 

Inverting  Input  Offset  Current  (los~)  —  The 
difference  between  the  inverting  input  bias 
currents  of  side  A  and  side  B;  (Iba-  -  Ibb-). 

Average  Drift  Of  Noninverting  Bias  Current 
(TCIb+)  —  The  ratio  of  change  in  noninverting 
bias  current  to  a  change  in  temperature. 

Average  Drift  of  Noninverting  Offset  Current 
(TCIos+)  —  The  ratio  of  change  in  noninverting 
offset  current  to  a  change  in  temperature. 

Common-Mode  Rejection-Ratio  Match  (ACMRR) 

—  The  difference  between  the  common-mode 
rejection  ratios  (expressed  in  volt/volt  of  side  A 
and  side  B.  ACMRR  in  dB  =  20  log  10  (ACMRR  in 
volt/volt). 

Power  Supply  Rejection-Ratio  Match  (APSRR) 

—  The  difference  between  the  power  supply 
rejection  ratios  (expressed  in  volt/volt)  of  side  A 
and  side  B.  APSRR  in  dB  =  20  logio  (APSRR  in 
volt/volt). 

Channel  Separation  —  The  ratio  of  change  in 
offset  voltage  of  one  channel  to  a  change  in 
output  voltage  in  the  second  channel. 


SELECTION  PRINCIPLES 

Selecting  an  operational  amplifier  can  be  a 
frustrating  experience.  The  choice  of  circuit 
configuration,  .and  of  associated  component 
values,  interrelates  to  the  choice  of  op  amp  for 
a  given  application.  Op  amps  are  specified  as 
open-loop  devices,  but  in  a  circuit  application 
they  generally  have  feedback  applied.  The 
designer  must  predict  the  closed-loop  circuit 
performance  as  determined  by  his  choice  of  op 
amp  and  choice  of  circuit  configuration  (and 
component  tolerances).  Detailed  literature  is 
available  on  circuit  configurations  to  accomplish 
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particular  analog  circuit  functions  using  op 
amps.  This  Selection  Guide  gives  recommended 
guidelines  and  a  design  strategy  for  selecting  op 
amps  to  best  meet  your  needs. 

The  first  design  steps  are  to: 

1.  Completely  define  the  design  objectives. 

Input  Signal  —  Determine  the  signal  level, 
frequency  content,  and  impedance  of  the  input. 

Accuracy  Required  —  For  linear  amplification, 
this  consists  of  limits  for  offset,  gain  error,  and 
nonlinearity.  Establish  your  bandwidth  and  slew 
rate  needs.  Distortion  is  often  critical  for  audio 
use  and  fast  settling  may  be  essential  in  a  data- 
conversion  application. 

Output  Load  —  Op  amps  are  sometimes  called 
upon  to  drive  long  cables,  storage  capacitors, 
transformers,  or  other  semiconductors.  High- 
speed circuits  generally  require  low-impedance 
feedback  elements  and  the  load  is  usually  low 
impedance;  therefore,  relatively  high  output 
current  drive  is  needed  for  high-speed  circuits. 

Environmental  Conditions  —  Temperature 
range  and  power  supply  characteristics  are  very 
important  factors.  Power  supply  drain  is  often 
critical  in  battery-powered  equipment,  process 
control  systems,  and  satellites.  In  addition, 
op-amp  package  type  is  generally  dictated  by 
environmental  and  cost  factors.  Another  factor 
to  consider  is  the  electrical  environment.  Mini- 
mize accuracy  degradation  from  unavoidable 
ground  noise  and  power  supply  fluctuations  by 
choosing  an  op  amp  with  high  CMRR  and 
PSRR. 

2.  Use  the  published  op-amp  specifications 
and  characterization  graphs. 

PMI  provides  comprehensive  specification 
tables  with  well-defined  test  conditions  for 
operation  at  25°  C  and  over  specific  tempera- 
ture ranges.  The  "Typical  Performance  Curves" 
show  the  characteristic  response  of  an  op  amp  to 
variations  in  frequency,  temperature,  supply 
voltage,  or  load  impedance.  Since  op  amps  often 
perform  much  better  than  indicated  by  their  min/ 
max  specification  limits,  the  designer  may  be 
tempted  to  ask  for  special  selection  to  tighter 


limits.  Although  sometimes  necessary,  special 
selection  tends  to  be  costly.  A  better  strategy  is 
to  select  a  standard  op  amp  that  meets  the 
application  need  on  a  worst-case  basis.  Careful 
initial  selection  of  a  high-performance  standard 
op  amp  will  provide  predictable  circuit  perfor- 
mance on  a  continuing  basis. 

Selection  Process 

Operational  amplifiers  can  be  divided  into  four 
basic  functional  categories: 


Category* 

Primary  Characteristics 

General  Purpose 

"741"  types. 

High  Accuracy 

Low  input  offsets 

(Vos<  1mV),  high  DC 

gain,  high  CMRR,  and 

low  noise. 

High  Speed 

Optimized  for  high  slew 

rate,  high  gain-band- 

width, and  fast  settling 

time. 

Low  Power, 
Wide  Supply  Range 


Low  supply  drain 
(Isy  <  1mA),  wide  input 
and  output  voltage  range. 
Includes  micropower 
(  Isy  <  100/iA)  units  for 
battery  operation.  


to 


< 
2 
O 

O 


"  In  many  cases,  dual  and  quad  versions  are 
available  in  the  various  categories. 

There  can  be  overlap  between  some  categories, 
while  others  are  mutually  exclusive.  For 
example,  the  PMI  OP-97  covers  both  "High 
Accuracy"  and  "Low  Power".  However,  "High 
Speed"  and  "Low  Power"  tend  to  be  mutually 
exclusive;  it  is  difficult  to  simultaneously 
optimize  both  speed  and  power. 

Economics  is  another  important  dimension  of 
the  selection  process.  The  "General  Purpose" 
category  is  generally  lowest  in  cost,  but  a  "High 
Accuracy"  op  amp  with  low  input-offset-voltage 
may  be  more  cost  effective  if  it  eliminates  the 
need  for  external  trimming  components.  The 
PMI  high-accuracy  OP-77  is  often  used  in  place 
of  general-purpose  741-types  because  of  its  low 
input-offset-voltage  and  high  gain. 
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AC  Considerations 

Consideration  of  AC  requirements  for  an 
application  is  a  good  starting  point  in  the  op 
amp  selection  process.  If  high  frequency 
(GBW>  10MHz,  SR  >  10V//us)  is  the  primary 
concern,  then  the  choice  quickly  narrows  down 
to  the  "High  Speed"  category. 

Two  factors  will  generally  dictate  the  op  amp 
choice: 

1.  The  loop  gain  (excess  of  open-loop  gain 
over  closed-loop  gain)  must  be  sufficient  at 
the  highest  frequency  of  interest.  For  example, 
if  1.0%  accuracy  at  10kHz  is  required  when 
operating  at  closed-loop  gain  of  10,  then  the  op 
amp  must  have  an  open-loop  gain  of  at  least 
1000  at  10kHz  (10/1000  =  1%).  When  operating 
at  high  closed-loop  gains,  decompensated  op 
amps  generally  offer  the  advantage  of  better 
gain  bandwidth  product  without  a  price/ 
performance  penalty. 

2.  Slew  rate  must  be  high  enough  to  follow  the 
fastest  signal  input  without  causing  distortion  or 
other  anomalies.  Slew-rate  symmetry,  linearity, 
and  overload  recovery  should  be  considered. 
The  detrimental  effects  of  slew-rate  limiting  can 
be  subtle;  it  is  best  to  avoid  trouble  by  choosing 
an  op  amp  with  at  least  a  20%  safety  margin  in 
minimum  slew-rate. 

High  speed  implies  a  need  for  high  output 
current.  Applications  such  as  audio  amplifiers, 
active  filters,  DAC-output  amplifiers,  and  fast 
integrators  often  require  high  output  currents  for 
driving  feedback  capacitors  or  low-impedance  net- 
works. Driving  such  capacitive  loads  as  long 
cables  or  storage  capacitors  at  high  frequency 
requires  high  output  currents. 

OP-42,  OP-44  have  high  slew  rates  and  good 
settling  times,  OP-62,  OP-63,  OP-64,  and  OP-65 
add  high  bandwidth  to  high  slew  rate. 


OPERATIONAL 
AMPLIFIERS 


DC  Considerations 

If  the  application  requires  a  high  closed-loop 
gain,  choose  a  "High  Accuracy"  op  amp.  These 
op  amps  feature: 


Low  Input  Offsets 

LOW  Input  (JTTS61 

VOS  —  '  fnV, 

Low  Input  Bias 

Current 

—  Bipolar  Input 

IbS  100nA  (IbS  10nA 

Stage 

is  desirable) 

—  JFET  Input 

lB<200pA 

Stage 

—  CMOS  Input 

lB£2pA 

Stage 

High  Open-Loop 

Avol  S  1 ,000,000 

DC  Gain 

High  Common-Mode 

CMR  >  100dB 

Rejection 

Low  Input  Noise 

en  <  15nVA/HT 

at  100Hz 

A  leading  op  amp  in  the  High-Accuracy 
category  is  the  PMI  OP-77  with  these  key 
specifications: 

Vos  £  25/iV 

lB<±2nA,  los  <  2nA 

Avol  £  5,000,000 

CMRR>114dB 

en  <  11  nWy/hT  at  1000Hz 

The  OP-77  performs  very  well  even  at  high 
closed-loop  gains.  For  example,  consider  a 
noninverting  configuration  with  a  closed-loop 
gain  of  100.  Assume  a  signal  source  with  a  range 
of  ±0.1  V  and  source  impedance  of  10kfl.  If  the 
feedback  resistances  are  chosen  to  be  relatively 
low,  then  the  maximum  offset  caused  by  input 
bias  current  will  be  4.4nA  (Is  +  los/  2  =  4.4nA) 
multiplied  by  the  10kft  source  resistance,  or 
44/xV.  Total  input  offset,  even  without  external 
offset  nulling,  will  be  less  than  119ptV  (approxi- 
mately 0.12%  of  full-scale).  The  effect  of  CMRR 
is  negligible  in  this  example;  the  ±0.1  V  input 
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divided  by  110dB  of  common-mode  rejection  is 
only  0.3/iV  referred-to-input.  Gain  error  factor  is 
1/(1  +  Avcl/Avol).  which  is  a  gain  error  of 
approximately  Avcl/Avol-  The  DC  gain  error  at 
Avcl  of  100  will  be  less  than  100/5,000,000,  a 
0.002%-of-full-scale  gain  error.  The  worst-case 
sum  of  offset  and  gain  errors  for  this  example  is 
only  0.12%  of  full-scale,  and  is  achieved  without 
any  external  trimming  of  offset  or  gain. 

Selection  of  a  specific  op-amp  type  within  the 
High-Accuracy  category  is  generally  determined 
by  impedance  levels  of  the  input  signal  and 
feedback  elements.  High  impedances  (Rs> 
10kfi)  imply  a  need  for  an  op  amp  with  low  input 
bias  currents.  This  need  for  low  bias  current  can 
be  met  through  use  of  CMOS  or  FET-input  op 
amps,  or  by  using  bipolar-input  op  amps  specif- 
ically designed  for  low  input-bias-current. 

The  OP-41/43  JFET-input  op  amps  have  less 
than  ±5pA  of  input  bias  current,  and  the  OP- 
15/16/17  JFET-input  op  amps  have  bias  currents 
specified  to  within  ±50pA.  At  high  temperature, 
however,  the  input  bias  current  for  JFET-input 
op  amps  rises  to  a  level  which  is  typically  3 
orders  of  magnitude  higher  than  the  room- 
temperature  value.  CMOS  input  types  such  as 
OP-80  have  the  lowest  values  of  Ib- 

The  OP-07,  OP-50,  and  OP-77  are  bipolar  op 
amps  which  have  input  bias  cancellation  circui- 
try that  significantly  reduces  input-bias-current, 
and  maintain  low  input-bias-current  levels  over 
temperature.  For  example,  the  OP-07/77  op 
amps  have  bias-current  limits  set  at  ±4nA  over 
the  full  Military  temperature  range.  The  OP-97 
has  a  superbeta  input  stage  which  also  provides 
very  good  high-temperature  high-impedance 
operation  (Ib S  250pA  at  125°C). 
The  OP-22/32  programmable  micropower  op 
amps  have  PNP  input  stages  which  also  have 
very  low  input  bias  current  over  temperature. 
Their  input-bias-current  remains  below  5nA  over 
the  full  Military  temperature  range. 


1.  Design  with  low  impedances  —  Using  low 
impedances  minimizes  the  effect  of  current 
noise  flowing  through  the  source  impedance, 
reduces  resistor  thermal  noise,  and  reduces  stray 
pick-up  of  RF  noise. 

2.  Restrict  the  system  bandwidth  —  Noise 
outside  the  frequency  range  of  interest  can  usually 
be  attentuated  by  filtering.  Block  high-frequency 
power-supply  noise  from  the  signal  path  by  use 
of  decoupling  capacitors  at  the  op-amp  supply 
inputs. 

3.  Select  a  low-noise  op  amp  —  Some  op  amps, 
such  as  the  bipolar-input  OP-27,  are  designed 
for  minimum  noise.  The  input  stage  current  is 
set  to  a  relatively  high  value  which  reduces  input 
noise  (5.5nV/V  Hz  max  at  10Hz).  Output  swing 
is  increased  to  ±  10V  into  600ft  to  allow  the  use 
of  low-impedance,  low-noise  feedback 
elements. 

Power  Supply  Considerations 
The  op-amp  power-supply  requirements  are  the 
next  factors  to  consider.  If  the  circuit  is  to  be 
operated  from  a  battery,  such  as  in  portable 
instruments,  missiles,  or  spacecraft,  then  narrow 
the  selection  to  the  "Low-Power,  Wide  Supply 
Range"  category.  Low-power  op  amps  are 
designed  for  minimum  quiescent  supply  current. 
Speed  is  traded  off  for  lower  power  consump- 
tion and  output  drive  is  generally  reduced.  The 
input  and  output  stages  are  designed  for  linear 
operation  over  a  wide  voltage  range  which  is 
very  helpful  for  single-power-supply  operation. 
The  PMI  line  of  low-power,  wide-supply-range 
op  amps  all  feature  high  open-loop  gain,  low 
input  offsets,  and  high  CMRR.  They  can  provide 
high  accuracy  even  at  high  closed-loop  gain. 

The  low-power  family  includes  programmable 
micropower  op  amps  that  offer  the  designer 
another  dimension  in  circuit  design.  The  quies- 
cent supply  current  is  set  by  an  external  resistor 
which  allows  the  circuit  designer  to  trade  off 
quiescent  supply  current  against  speed.  Since 
the  quiescent  current  directly  controls  slew  rate 
and  gain-bandwidth  product,  these  pro- 
grammable op  amps  are  easily  frequency- 
compensated  in  such  circuits  as  active  filters, 
oscillators,  or  multi-stage  instrumentation 
amplifiers. 


3 

I — I 
Hh 

a 

PL, 


2 
O 

DC 
W 
Oh 

o 


S-11 


PMI) 


OPERATIONAL 
AMPLIFIERS 


Precision  Motioi  it h  ics  li 


DC  ERROR  CALCULATIONS  FOR  STANDARD  CONFIGURATIONS 
NONINVERTING  CONFIGURATION 


J-  Vft- 


r  INPUT 


.1 


"2 


-oV0 


Special  Cases: 

Max  Output  Offset  =  (1  +  -j^)  (vos  +  Rs  los)  »  Rs  =  r"+r22 

~(i^)[vos  +  |^-rRs|  .BJinos«.B 

-(i+-5i)[vos+Rs(.s  +  f)]ifRs^ 
Note:  Ib  is  the  average  of  the  input  bias  currents  and  los  is  the  difference. 

Gain  Error  -      +  j^j       +  C|^RR  .  where  Avo  =  Open-Loop  Gain  and  Avo  >  (l  +  ^-j 
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INVERTING  CONFIGURATION 


Ou.pu.O«se,=  (1  +£)  h+  (t^-"c)  -  +  (££kS"c)  if  Rs-0 
Special  Cases: 

Max  Output  Offset  =  (1  +  -5?  j  (v0s  +  Ftc  los)  if  Rc  =  ^  ^ 

-('♦*)[«— tWfel-i^'"— 

Note:  Ib  is  the  average  of  the  input  bias  currents  and  los  is  the  difference. 

Gain  Error  ~  ( 1  +  -5? )  —L  +  -5§  J?!  ,  where  Avo  =  Open-Loop  Gain  and  Rs  <*  Ri 
\      Ri/  Avo    Ri  Ri 
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OPERATIONAL  AMPLIFIER  SELECTION  GUIDE 
Low  Offset  Voltage  Operational  Amplifiers 


v.. 
»os 

i. 
■b 

■OS 

CMR 

P4RR 

Ayo 

SR 

M¥ 

lln 

HR 

UD 

uV/V 

V/mV 

Yr  III Y 

MHz 

OP07 

25 

2 

2 

110 

10 

300 

0.1 

0.6 

OP27 

25 

40 

35 

114 

10 

1000 

1.7 

8 

OP37 

25 

40 

35 

114 

10 

1000 

11 

63 

OP50 

25 

5 

1 

126 

0.5 

10000 

2.5 

15 

OP77 

25 

2 

1.5 

120 

3 

5000 

0.1 

0.6 

OP97 

25 

0.1 

0.1 

114 

2 

300 

0.1 

0.6 

PM1012 

35 

0.1 

0.1 

114 

2 

300 

0.1 

0.6 

OP270 

50 

10 

10 

110 

1.8 

1000 

1.4 

6 

OP200 

75 

2 

1 

120 

1.8 

5000 

0.1 

0.5 

OP227 

80 

40 

35 

114 

10 

1000 

1.7 

8 

OP207 

100 

3 

2.8 

106 

20 

200 

— 

0.6 

OP21 

100 

100 

4 

100 

6 

1000 

— 

0.6 

PM1008 

120 

0.1 

0.1 

114 

2 

200 

0.1 

0.9 

OP05 

150 

2 

2 

114 

10 

300 

0.1 

0.6 

OP08 

150 

2 

0.2 

104 

7 

80 

OP12 

150 

2 

0.2 

104 

7 

80 

0.8 

OP220 

150 

20 

1.5 

95 

10 

1000 

0.2 

OP221 

150 

80 

3 

95 

10 

1500 

0.2 

0.6 

OP290 

150 

15 

3 

100 

5.6 

700 

0.005 

0.02 

OP400 

150 

3 

1 

120 

1.8 

5000 

0.1 

0.5 

OP90 

150 

15 

3 

100 

5.6 

700 

0.005 

0.02 

OP06 

200 

70 

2 

114 

2 

1000 

OP62 

200 

300 

100 

110 

5.6 

350 

15 

50 

OP20 

250 

25 

1.5 

100 

6 

1000 

0.1 

OP41 

250 

0.005 

0.001 

100 

25 

1000 

1 

0.5 

OP43 

250 

0.005 

0.001 

100 

25 

1000 

5 

2.5 
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Low  Offset  Voltage  Operational  Amplifiers 


Product 

"SY 
mA 

en@10Hz 
nV/VRz 

e„@1kHz 
nV/s/Hz 

■out 
mA  . 

#of 
Ampls 

Notes 

OPfV7 

A 
H 

103 

96 

10.5 

1 

f)P97 

4  7 
•t.  i 

3  5 

3 

16.7 

1 

np*?7 

uroi 

d  7 
•t.  f 

3  R 

3 

16.7 

1  4 

UrgU 

3  3 

S  5 

4  5 

60 

1 

2,4,6 

OP77 

9 

103 

9  6 

12 

1 

1 

OPQ7 

17 

14 

5 

1 

1,9 

PM1019 
r  IVI  IU  It 

o  r 

■17 

14 

5 

1 

1 

9  fi 

9 

1  9 

r>P9nn 

urcUU 

o  79<; 

1  1 

9 
& 

■j 

OP997 

d  7 

3  <i 

o 
o 

1fi  7 

ID./ 

9 

2 

nP907 

A 
*t 

10  3 
I  U.O 

1  KJ 

2 

2 

(")P91 
Urt  I 

n  93 

1  4 

1 

r  IVI  IUUO 

o  fi 

17 

14 

(\ 

1 

1  6 

4 

10  3 

Q  fi 

10  5 

1 

1 

OP08 

0.6 

22 

20 

5 

1,6 

0P12 

0.6 

22 

20 

5 

1 

OP220 

0.09 

0.56 

2 

1,7 

OP221 

0.4 

1.4 

2 

1 

OP290 

0.02 

60 

60 

5.5 

2 

2,7,9 

OP4C0 

0.725 

22 

11 

5.5 

4 

2 

OP90 

0.02 

60 

60 

5.5 

1,7 

OP06 

4 

9 

7 

11 

1,6 

OP62 

7 

2.5 

20 

1.9 

OP20 

0.055 

0.56 

1,7 

OP41 

1 

32 

12 

1 

OP43 

1 

32 

12 

1 

NOTES: 

1.  8  pin  package 
2. 14  pin  package 
3. 16  pin  package 

4.  Avcl  ^  5 

5.  Avcl  ^  10 

6.  Externally  compensated 

7.  Single-supply  capable 

8.  Programmable  supply  current 

9.  Preliminary  specifications 
10.  AVCL S3 
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Low  Bias  Current  Operational  Amplifiers 


Vos 

>os 

UMK 

rSHH 

Avo 

an 

GBW 

Product 

..W 

*»» 

M  A 

nA 

M  A 

nA 

ao 

If  Af 

jiV/V 

v/mv 

MHZ 

OP80 

1000 

0.00006 

— 

72 

700 

100 

0.2 

0.3 

OP41 

500 

0.005 

0.001 

100 

25 

1000 

1 

0.5 

OP43 

250 

0.005 

0.001 

100 

25 

1000 

5 

2.5 

OP15 

500 

0.05 

0.01 

86 

51 

100 

10 

6 

OP16 

500 

0.05 

0.01 

86 

51 

100 

18 

8 

0P17 

500 

0.05 

0.01 

86 

51 

100 

45 

30 

PM155A 

2000 

0.05 

0.01 

85 

57 

50 

3 

2.5 

PM156A 

2000 

0.05 

0.01 

85 

57 

50 

10 

4.5 

PM157A 

2000 

0.05 

0.01 

85 

57 

50 

40 

20 

OP215 

1000 

0.1 

0.05 

86 

51 

150 

10 

5.7 

OP97 

25 

0.1 

0.1 

114 

2 

300 

0.1 

0.6 

PM1008 

120 

0.1 

0.1 

114 

2 

200 

0.1 

0.9 

PM1012 

35 

0.1 

0.1 

114 

2 

300 

0.1 

0.6 

OP42 

750 

0.2 

0.04 

88 

40 

500 

50 

10 

OP44 

750 

0.2 

0.04 

86 

40 

500 

100 

23 

Low-Noise  Operational  Amplifiers 


Vos 

■b 

los 

CMR 

PSRR 

Avo 

SR 

GBW 

Product 

MV 

nA 

nA 

dB 

juV/V 

V/mV 

V/Vs 

MHz 

OP270 

50 

10 

10 

110 

1.8 

1000 

1.4 

6 

OP27 

25 

40 

35 

114 

10 

1000 

1.7 

8 

OP227 

80 

40 

35 

114 

10 

1000 

1.7 

8 

OP37 

25 

40 

35 

114 

10 

1000 

11 

63 

OP62 

200 

300 

100 

110 

5.6 

350 

15 

50 

OP470 

400 

25 

10 

110 

1.8 

1000 

1.4 

6 

OP50 

25 

5 

1 

126 

0.5 

10000 

2.5 

15 

OP271 

300 

10 

10 

110 

5.6 

1000 

6.5 

6.5 

OP471 

800 

25 

10 

105 

5.6 

500 

6.5 

6.5 

OP64 

750 

300 

100 

110 

10 

100 

200 

200 

OP63 

750 

300 

100 

110 

10 

100 

50 

50 
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Low  Bias  Current  Operational  Amplifiers 

■SY 

en(g?iKnz 

■OUT 

ft  Ul 

Product 

mA 

— 1/ /.  /  ti- 
ro v/\/ nz 

nv/ynt 

mA 

Ampls 

IiUwS 

OP80 

0.2 

— 

70 

10 

1 

1,9: 

0P41 

1 

— 

32 

12 

1 

1 

OP43 

1 

— 

32 

12 

1 

1.4 

0P15 

4 

15 

5.5 

? 

1 

0P16 

7 

— 

15 

5.5 

1 

0P17 

7 

15 

5.5 

1.4 

PM155A 

4 

20 

5 

] 

1 

PM156A 

7 

12 

5 

1 

PM157A 

7 

12 

5 

1 

1,4 

OP215 

4.25 

15 

5.5 

2 

1.2 

OP97 

0.6 

17 

14 

*j 

1  9 

PM1008 

0.6 

17 

14 

5 

1 

1.6 

PM1012 

0.6 

17 

14 

5 

1 

1 

OP42 

6 

38 

13 

20 

1 

1 

OP44 

7 

38 

13 

20 

1 

1.10 

Low-Noise  Operational  Amplifiers 

"SY 

e„@10Hz 

pn(Q?l  KHZ 

'OUT 

fr  OT 

Product 

mA 

nV/x/Hz 

nv/v  nz 

mA 

Ampls 

NOI6S 

OP270 

2.5 

2.6 

2.0 

6 

2 

1.9 

OP27 

4.7 

3.5 

3 

16.7 

1 

1 

OP227 

4.7 

3.5 

3 

16.7 

2 

2 

OP37 

4.7 

3.5 

3 

16.7 

1 

1,4 

OP62 

7 

2.5 

20 

1 

1.9 

OP470 

2.75 

3.8 

3.2 

6 

4 

2 

OP50 

3.3 

5.5 

4.5 

60 

1 

2.4,6 

OP271 

2.5 

9 

6.5 

6 

2 

1,9 

OP471 

2.75 

9 

6.5 

6 

4 

2 

OP64 

7 

7 

20 

1 

1.4,9 

OP63 

7 

7 

20 

1 

1,9 

3 


1 

O 
H 


NOTES: 

1.  8  pin  package 
2. 14  pin  package 
3. 16  pin  package 

4.  Avcl  ^  5 

5.  Avcl  s  10 

6.  Externally  compensated 

7.  Single-supply  capable 

8.  Programmable  supply  current 

9.  Preliminary  specifications 
10.  Avcl  s  3 
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OPERATIONAL 
AMPLIFIERS 


Wideband  Operational  Amplifiers 


Vos 

lb 

■os 

CMR 

PSRR 

Avo 

SR 

GBW 

Product 

MV 

nA 

nA 

dB 

mV/v 

V/mV 

MHz 

OP260 

8000 

400 

50 

1000 

25 

200 

500 

OP06 

200 

70 

2 

114 

2 

1000 

OP64 

750 

300 

100 

110 

10 

100 

200 

200 

OP65 

2000 

2500 

2000 

85 

32 

100 

200 

150 

OP37 

25 

40 

35 

114 

10 

1000 

11 

63 

OP63 

750 

300 

100 

110 

10 

100 

50 

50 

OP62 

200 

300 

100 

110 

5.6 

350 

15 

50 

OP17 

500 

0.05 

0.01 

86 

51 

100 

45 

30 

OP44 

750 

0.2 

0.04 

86 

40 

500 

100 

23 

PM157A 

2000 

0.05 

0.01 

85 

57 

50 

40 

20 

OP50 

25 

5 

1 

126 

0.5 

10000 

2.5 

15 

OP42 

750 

0.2 

0.04 

do 

88 

40 

CAA 

500 

CA 

50 

a 

10 

OP32 

300 

100 

6 

1000 

OP16 

500 

0.05 

0.01 

86 

51 

100 

18 

8 

OP227 

80 

40 

35 

114 

10 

1000 

1.7 

8 

OP27 

25 

40 

35 

114 

10 

1000 

1.7 

8 

OP271 

300 

10 

10 

110 

5.6 

1000 

6.5 

6.5 

OP471 

800 

25 

10 

105 

5.6 

500 

6.5 

6.5 

0P15 

500 

0.05 

0.01 

86 

51 

100 

10 

6 

OP270 

50 

10 

10 

110 

1.8 

1000 

1.4 

6 

OP470 

400 

25 

10 

110 

1.8 

1000 

1.4 

6 

Low  Power  Operational  Amplifiers 

Vos 

lb 

■os 

CMR 

PSRR 

Avo 

SR 

GBW 

Product 

nA 

nA 

dB 

V/mV 

V//is 

MHz 

OP22 

300 

100 

6 

1000 

OP32 

300 

100 

6 

1000 

OP290 

150 

15 

3 

100 

5.6 

700 

0.005 

0.02 

OP490 

500 

15 

Q 

100 

5.6 

700 

0.005 

0.02 

OP90 

150 

15 

o 
o 

inn 

i  uu 

7nn 

n  nn5 

0  09 

OP20 

250 

25 

mn 

1  uu 

R 
u 

mnn 

0  1 

OP220 

150 

20 

■  u 

mnn 

0  ? 

OP420 

2500 

20 

oo 

ou 

finn 

nis 

VJ.  \*J 

OP80 

1000 

0.00006 

f  uu 

I  uu 

n  o 

0  1 

u.o 

OP21 

100 

100 

A 

inn 
I  uu 

e 

o 

mnn 
I  uuu 

n  r 

U.D 

OP221 

150 

80 

O 
O 

9U 

1  u 

1  UUU 

n  o 

U.£ 

0  ft 

OP421 

2500 

50 

c 

in 

?nn 

U.£«J 

1  q 

OP08 

150 

2 

0.2 

104 

7 

80 

OP12 

150 

2 

0.2 

104 

7 

80 

0.8 

OP97 

25 

0.1 

0.1 

114 

2 

300 

0.1 

0.6 

PM1008 

120 

0.1 

0.1 

114 

2 

200 

0.1 

0.6 

PM1012 

35 

0.1 

0.1 

114 

2 

300 

0.1 

0.6 

PM108 

500 

2 

0.2 

96 

15 

80 

PM2108 

500 

2 

0.2 

96 

15 

80 

OP200 

75 

2 

1 

120 

1.8 

5000 

0.1 

0.5 

OP400 

150 

3 

1 

120 

1.8 

5000 

0.1 

0.5 

OP41 

250 

0.005 

0.001 

100 

25 

1000 

1 

0.5 

OP43 

250 

0.005 

0.001 

100 

25 

1000 

5 

2.5 
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OPERATIONAL 
AMPLIFIERS 


Precision  Monolithics  Inc. 


Wideband  Operational  Amplifiers 


ISY 

e„@10Hz 

en@1kHz 

•out 

#o» 

Product 

mA 

nV/\/Hz 

nV/\/Hz 

mA 

Ampls 

Notes 

OP260 

5.5 

7 

20 

2 

1  9 

OP06 

4 

g 

7 

11 

1 

1,6 

OP64 

7 

7 

20 

1 

1,4,9 

OP65 

25 

50 

1 

1  9 

OP37 

4.7 

3.5 

3 

16.7 

1 

1  4 

OP63 

7 

7 

20 

1 

1,9 

OP62 

7 

2.5 

20 

1 

19 

0P17 

7 

15 

5.5 

1 

1  4 

OP44 

7 

38 

13 

20 

1 

1,10 

PM157A 

7 

12 

5 

1 

1.4 

OP50 

3.3 

5.5 

4.5 

60 

1 

2,4,6 

OP42 

6 

38 

13 

20 

1 

1 

OP32 

1 

1,5,8 

0P16 

7 

15 

5.5 

1 

1 

OP227 

4.7 

3.5 

3 

16.7 

2 

2 

OP27 

4.7 

3.5 

O 
O 

10. f 

1 

1 

OP271 

2.5 

9 

0.0 

o 

o 

d. 

■1  Q 

OP471 

2.75 

9 

0.0 

e 

o 

A 

o 
c. 

0P15 

4 

1 A 
10 

0.0 

-i 

■i 
1 

OP270 

2.5 

2.6 

C..K) 

C 
D 

o 

c. 

OP470 

2.75 

3.8 

O 

A 

Low  Power  Operational  Amplifiers 

•SY 

e„@10Hz 

e„@1kHz 

•out 

#of 

Product 

mA 

nV/Vfiz 

nV/VHz 

mA 

Ampls 

Notes 

OP22 

1 

1  8 

OP32 

1 

1,5,8 

OP290 

0.02 

60 

60 

5.5 

2 

17  9 

OP490 

0.02 

60 

60 

5 

4 

2,7 

OP90 

0.02 

60 

60 

5.5 

1 

1  7 

OP20 

0.055 

0.56 

•| 

i  7 

OP220 

0.09 

U.JU 

0 
£ 

1  7 

OP420 

0.09 

U.JU 

4 

9  7 

OP80 

0.2 

70 

in 

1 

1  7  Q 

0P21 

0.23 

I 

I 

OP221 

0.4 

o 
c. 

I 

OP421 

0.45 

20 

1  c 
I O 

1  A 

A 
H 

2 

OP08 

0.6 

22 

20 

5 

1 

1.6 

OP12 

0.6 

22 

20 

5 

1 

1 

OP97 

0.6 

17 

14 

5 

1 

1,9 

PM1008 

0.6 

17 

14 

5 

1 

1.6 

PM1012 

0.6 

17 

14 

5 

1 

1 

PM108 

0.6 

1.3 

1 

1,6 

PM2108 

0.6 

1.3 

2 

3,6 

OP200 

0.725 

22 

11 

5.5 

2 

1 

OP400 

0.725 

22 

11 

5.5 

4 

2 

0P41 

1 

32 

12 

1 

1 

OP43 

1 

32 

12 

1 

1 
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OPERATIONAL 
AMPLIFIERS 


High  Slew-Rate  Operational  Amplifiers 


Vos 

lb 

■os 

CMR 

PSRR 

Avo 

SR 

GBW 

Product 

Mv 

nA 

nA 

dB 

jiV/V 

V/mV 

V/aiS 

MHz 

OP260 

8000 

400 

50 

1000 

25 

200 

500 

OP65 

2000 

2500 

2000 

85 

32 

100 

200 

150 

OP64 

750 

300 

100 

110 

10 

100 

200 

200 

OP44 

7«50 
i 

fl  9 

0.04 

86 

40 

500 

100 

23 

OP06 

200 

70 

2 

114 

2 

1000 

OP49 

fl  9 

88 

40 

500 

50 

10 

OP63 

750 

300 

100 

110 

10 

100 

50 

50 

0P17 

500 

0.05 

0.01 

86 

51 

100 

45 

30 

PM157A 

2000 

o!o5 

0.01 

85 

57 

50 

40 

20 

0P16 

500 

0.05 

0.01 

86 

51 

100 

18 

8 

OP62 

200 

300 

100 

110 

5.6 

350 

15 

50 

OP01 

700 

30 

2 

85 

60 

50 

12 

2.5 

OP37 

25 

40 

35 

114 

10 

1000 

11 

63 

OP15 

500 

0.05 

0.01 

86 

51 

100 

10 

6 

OP215 

1000 

0.1 

0.05 

86 

51 

150 

10 

5.7 

PM156A 

2000 

0.05 

0.01 

85 

57 

50 

10 

4.5 

OP271 

300 

10 

10 

110 

5.6 

1000 

6.5 

6.5 

OP471 

800 

25 

10 

105 

5.6 

500 

6.5 

6.5 

OP43 

250 

0.005 

0.001 

100 

25 

1000 

5 

2.5 

8-Pin  Dual  Operational  Amplifiers 


Vos 

lb 

los 

CMR 

PSRR 

Avo 

SR 

GBW 

Product 

nA 

nA 

dB 

iNN 

V/mV 

V/Ms 

MHz 

OP270 

50 

10 

10 

110 

1.8 

1000 

1.4 

6 

OP200 

75 

2 

1 

120 

1.8 

5000 

0.1 

0.5 

OP220 

150 

20 

1.5 

95 

10 

1000 

0.2 

OP221 

150 

80 

3 

95 

10 

1500 

0.2 

0.6 

OP290 

150 

15 

3 

100 

5.6 

700 

0.005 

0.02 

OP271 

300 

10 

10 

110 

5.6 

1000 

6.5 

6.5 

OP14 

750 

50 

5 

85 

60 

100 

0.25 

1.3 

OP215 

1000 

0.1 

0.05 

86 

51 

150 

10 

5.7 

OP260 

8000 

400 

50 

1000 

25 

200 

500 
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OPERATIONAL 
AMPLIFIERS 


High  Slew-Rate  Operational  Amplifiers 

ISY 

en@10Hz 

e„@1kHz 

'out 

#0f 

Product 

mA 

nV/\/Hz 

nV/\/Hz 

mA 

Ampls 

Notes 

UrtOw 

o.o 

7 

C\J 

2 

1,9 

1 

1  9 

7 

7 

1 

14  9 

7 

f 

oo 

1  o 

on 

■) 

1,10 

ODOR 

1 

Q 

7 

1 1 

1 

1  6 

c 
O 

IO 

9n 

1 

UrDO 

7 

9(1 

1 

1  9 

OP17 

7 

— 

15 

5.5 

1 

1.4 

PM157A 

7 

12 

5 

1 

1,4 

0P16 

7 

15 

5.5 

1 

1 

OP62 

7 

2.5 

20 

1 

1,9 

OP01 

3 

6 

1  . 

1 

OP37 

4.7 

3.5 

3 

16.7 

1 

1,4 

0P15 

4 

15 

5.5 

1 

1 

OP215 

4.25 

10 

0.0 

1  9 

PM156A 

7 

12 

5 

1 

1 

OP271 

2.5 

9 

6.5 

6 

2 

1,9 

OP471 

2.75 

9 

6.5 

6 

4 

2 

OP43 

1 

32 

12 

1 

1,4 

8-Pin  Dual  Operational  Amplifiers 

ISY 

en@10Hz 

e„@1kHz 

•OUT 

#of 

Product 

mA 

nV/v/Rz 

nV/x/Hz 

mA 

Ampls 

Notes 

OP270 

2.5 

2.6 

2.0 

6 

2 

1,9 

OP200 

0.725 

22 

11 

5.5 

2 

1 

OP220 

0.09 

0.56 

2 

1,7 

OP221 

0.4 

1.4 

2 

1 

OP290 

0.02 

60 

60 

5.5 

2 

1,7,9 

OP271 

2.5 

9 

6.5 

6 

2 

1,9 

0P14 

3 

25 

21 

6 

2 

1 

OP215 

4.25 

15 

5.5 

2 

1,2 

OP260 

5.5 

7 

20 

2 

1,9 

3 

3 


O 

8 


NOTES: 

1.  8  pin  package 
2. 14  pin  package 
3. 16  pin  package 

4.  Avcl  ^  5 

5.  Avcl  ^  10 

6.  Externally  compensated 

7.  Single-supply  capable 

8.  Programmable  supply  current 

9.  Preliminary  specifications 
10.  Avcl  ^  3 
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IpmD  operational 

amplifiers 

14-Pin  Quad  Operational  Amplifiers 

\fes  b  ios         CMR        PSRR         Ayo  SR  GBW 

Product  fiV  nA  nA  dB  MV/V         V/mV         V/jts  MHz 


OP400  150  3  1  120  1.8  5000  0.1  0.5 

OP470  400  25  10  110  1.8  1000  1.4  6 

OP09  500  300  20  100  32  100  0.7  3 

OP11  500  300  20  100  32  100  0.7  3 

OP490  500  15  3  100  5.6  700  0.005  0.02 

OP471  800  25  10  105  5.6  500  6.5  6.5 

OP420  2500  20  1.5  83  30  600  —  0.15 

OP421  2500  50  5  83  30  200  0.25  1.9 


14  &  16  Pin  Dual  Operational  Amplifiers   

Vos           lb  Ios  CMR  PSRR  Avo  SR  GBW 

Product  nA  nA  dB  ^V/V  V/mV  V/Ms  MHz 

OP227                80          40  35  114  10  1000  1.7  8 

OP207               100            3  2.8  106  20  200  —  0.6 

OP10                500            3  2.8  110  10  200  —  0.6 

PM2108             500            2  0.2  96  15  80  —  — 

OP04                750          50             5  85  60  100  0.25  1  3 

OP215              1000          0.1  0.05  86  51  150  10  5  7 

PM747             5000         500  200  70  150  50  —  — 
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14-Pin  Quad  Operational  Amplifiers 


Product 

ISY 

mA 

e„@10Hz 
nV/VHz 

8n@1kHz 
nV/s/Hz 

•out 
mA 

#of 
Ampls 

Notes 

OP400 

0.725 

22 

11 

5.5 

4 

2 

OP470 

2.75 

3.8 

3.2 

6 

4 

2 

OP09 

1.5 

18 

12 

5.5 

4 

2 

OP11 

1.5 

18 

12 

5.5 

4 

2 

OP490 

0.02 

60 

60 

5 

4 

2,7 

OP471 

2.75 

9 

6.5 

6 

4 

2 

OP420 

0.09 

0.56 

4 

2,7 

OP421 

0.45 

20 

15 

1.4 

4 

2 

14  &  16  Pin  Dual  Operational  Amplifiers 

>SY 

en@10Hz 

e„@1kHz 

'out 

#of 

Product 

mA 

nV/x/Hz 

nV/\/Hz 

mA 

Ampls 

Notes 

OP227 

4.7 

3.5 

3 

16.7 

2 

2 

OP207 

4 

10.3 

9.6 

10 

2 

2 

OP10 

4 

10.3 

9.6 

10.5 

2 

2 

PM2108 

0.6 

1.3 

2 

6.8 

OP04 

3 

25 

21 

6 

2 

2 

OP215 

4.25 

15 

5.5 

2 

1,2 

PM747 

2.8 

5 

2 

2 

NOTES: 

1.  8  pin  package 
2. 14  pin  package 
3. 16  pin  package 

4.  Avcl  S  5 

5.  Avcl  ^  10 

6.  Externally  compensated 

7.  Single-supply  capable 

8.  Programmable  supply  current 

9.  Preliminary  specifications 
10.  Avcl  S3 
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OP-01 


INVERTING  HIGH-SPEED 
OPERATIONAL  AMPLIFIER 


FEATURES 

•  Fast  Settling  Time   1^8  to  0.1%  Max 

•  High  Slew  Rate    12V/usMin 

•  Power  Bandwidth    150kHz  Min 

•  Low  Power  Consumption  80mW  Max 

•  Excellent  DC  Specifications 

•  Internally  Compensated 

•  Ideal  DAC  Output  Amplifier 

•  MIL-STD-883  Processing  Available 

•  Fits  Standard  741  Sockets 

•  Low  Cost 

ORDERING  INFORMATION! 


TA=2S°C 
V0SMAX 
(mV) 

PACKAGE 

OPERATING 
TEMPERATURE 
RANGE 

HERMETIC 
TO-99 
S-PIN 

HERMETIC 
DIP 
8-PIN 

PLASTIC 
DIP 
S-PIN 

0.7 

OP01J- 

MIL 

0.7 

OP01HJ 

OP01HZ 

OP01HP 

COM 

S.O 

OP01GJ 

MIL 

5.0 

OP01CJ 

OP01CZ 

OP01CP 

COM 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  after 
part  number.  Consult  factory  for  883  data  sheet. 

tBurn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book.  Section  2. 


GENERAL  DESCRIPTION 

The  OP-01  series  of  monolithic  inverting  high-speed  opera- 
tional amplifiers  combines  high  slew  rate,  fast  settling  time 


and  excellent  DC  input  characteristics.  An  internal  feed- 
forward frequency  compensation  network  provides  simpli- 
city of  application  —  no  external  capacitors  are  required  for 
stable,  high-speed  performance.  The  fast  output  response  is 
achieved  without  sacrifice  of  input  bias  current  or  power 
consumption.  A  250kHz  typical  power  bandwidth  is  attained 
with  a  small-signal  bandwidth  of  only  2.5MHz,  thus  board 
layout  is  non-critical.  The  OP-01  is  completely  protected  at 
both  input  and  output,  fits  standard  741  sockets,  and  is  offset 
nulled  with  a  10kfl  potentiometer. 

The  fast  output  response  combined  with  excellent  settling 
time  makes  the  OP-01  ideal  for  use  as  a  D/A  converter  output 
amplifier. 

PIN  CONNECTIONS 


bal[T 
-in  [7 

♦IN  [I 

v-rz 


TJn.c. 
j[]out 


EPOXY  MINI-DIP 
(P-Sufflx) 

& 

8-PIN  HERMETIC  DIP 
(Z-Suffix) 


TO-99 
(J-Suffix) 


SIMPLIFIED  SCHEMATIC 


■01, 02, 03  AND  04  FORM  A 
THERMALLY  CROSSCOUPLED 
QUAD.  OS,  Q5\  06  AND  OS' 
COMPRISE  A  SIMILAR 
THERMALLY  CROSSCOUPLED 
QUAD. 
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OP-01  INVERTING  HIGH-SPEED  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Total  Supply  Voltage,  OP-01,  OP-01  H,  OP-01  N,  OP-01  NT, 


OP-01  G,  OP-01  GT  ±22V 

OP-01G,OP-01C,OP-01GR   ±20V 

Power  Dissipation  (Note  1)   500mW 

Differential  Input  Voltage  ±30V 

Input  Voltage  (Note  3)   ±15V 

Short-Clrcult  Duration    Indefinite 

Operating  Temperature  Range 

OP-01,  OP-01  G   -55°Cto+125°C 

OP-01  H,  OP-01  C   CCto+TCC 

DICE  Junction  Temperature  (Tj)    -65°Cto+150"C 

Storage  Temperature  Range 

J  and  Z  Packages   -65°  C  to  + 150"  C 

P  Package    -eS^to+^S-C 


Lead  Temperature  (Soldering,  60  sec)   300° C 


NOTES: 

1.  See  table  lor  maximum  ambient  temperature  rating  and  derating  factor. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

TO-99IJ) 

80*0 

7.1mW/»C 

8-Pln  Hermetic  DIP  (Z) 

78*  C 

6.7m  W/°C 

8-Pin  Plastic  OIP  (P) 

35"C 

5.6m  W/°C 

2.  Absolute  maximum  ratings  apply  toboth  packaged  partsand  DICE,  unless 
otherwise  noted. 

3.  For  supply  voltages  less  than  ±15V.  the  maximum  input  voltage  Is  the 
supply  voltage. 


ELECTRICAL  CHARACTERISTICS  at  VS  =  ±15V,  TA=  25°C,  unless  otherwise  noted. 


OP-01 

OP-01G 

OP-01  H 

OP-01  C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

RsS20k(l 

— 

0.3 

0.7 

— 

2.0 

5.0 

mV 

Input  Offset  Current 

'os 

— 

0.5 

2.0 

2.0 

20 

nA 

Input  Bias  Current 

>B 

18 

30 

25 

100 

nA 

Input  voltage  Range 

IVR 

±12 

±13 



±12 

±13 



V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM=±10V 
Rs£20kn 

65 

110 

80 

100 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±5Vto±20V 
RsS20k(l 

10 

60 

100 

150 

,.V/V 

Output  Voltage  Swing 

v0 

RL2  5kn 
RL>2kn 

±12.5 
±12.0 

±13.5 
±13.0 

±12.5 
±12.0 

±13.5 
±13.0 

V 

Large-Signal 
Voltage  Gain 

Avo 

RL2  2kfl 
Vo  =  ±10V 

SO 

100 

25 

75 

V/mV 

Power  Consumption 

Pd 

Vout  =  0 

50 

00 

50 

90 

mW 

Settling  Time 

Av  =  -1 

to  0.1%  (Summing 

<S 

(Notes  1, 2) 

0.7 

1.0 

0.7 

1.0 

I* 

Node  Error) 

V.N-5V 

Slew  Rate 
(Notes  2. 3) 

SR 

Av=-1, 
Rs=3kto5kfi 

12 

18 

12 

18 

V/<ia 

Large-Signal 

Bandwidth 

150 

250 

150 

250 

kHz 

(Notes  3. 4) 

Small-Signal 

Bandwidth 

1.5 

2.5 

1.5 

2.5 

MHz 

(Notes  3, 4) 

Rlsetlme 

'r 

Av  =  -1 
V,N  =  50mV 

150 

150 

ns 

Overshoot 

OS 

2 

2 

* 

NOTES: 

1.  RL°  25kfl;  CL  =  50pF.  See  Settling  Time  Test  Circuit. 

2.  Sample  tested. 

3.  See  applications  information. 

4.  Guaranteed  by  design. 


5-25 


6/87,  Rev.  A1 


OP-01  INVERTING  HIGH-SPEED  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  +  15V,  -55°  C  <  TA  <  +125"C  lor  OP-01,  OP-01  G  and  0"C  <  TA  <  +70°  C  for 
OP-01  H,  OP-01  C,  unless  otherwise  noted. 


OP-01 

OP-01  G 

OP-01  H 

OP-01C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  VOItage 

Vos 

Rs<20kn 

— 

0.4 

1.0 

- 

3.0 

6.0 

mV 

Input  Offset  Current 

I  OS 

1 

4 

4 

40 

nA 

Input  Bias  Current 

|B 

— 

30 

50 

- 

SO 

200 

nA 

Input  Voltage  Range 

IVR 

±10 

±13 

±10 

±13 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±10V 
Rs<  20kO 

ss 

110 

80 

100 

d8 

Power  Supply 
Rejection  Ratio 

PSRR 

VS=±5V  to  ±  20V 
Rs<20kO 

10 

60 

100 

150 

liVTV 

Large-Signal 
Voltage  Gain 

Ayo 

RL>2kn 

Vo=±10V 

30 

60 

15 

50 

V/mV 

Output  Voltage  Swing 

"o 

RL>5kn 

RL>2kn 

±12.5 
±12.0 

±13.5 
±13.0 

±12.5 
±12.0 

±13.5 
±13.0 

V 

Offset  Voltage 
Drift  (Note  1) 

TCVqs 

Rs<5k(l 

2 

8 

5 

20 

mV/«C 

1.  Sample  tested. 
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OP-01  INVERTING  HIGH-SPEED  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS  (125°  C  TESTED  DICE  AVAILABLE) 


1.  NULL 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  V- 

5.  NULL 

6.  OUTPUT 

7.  V+ 


For  additional  DICE  ordering  Information,  reler 
to  1S88  Data  Book,  Section  2. 


DIE  SIZE  0.047  X  0.043  Inch,  2021  sq.  mils 
(1.19  x  1.09  mm,  1.30  sq.  mm) 


WAFER  TEST  LIMITS  at  V8=  ±  15V,  TA  = 

25"C  for  OP-01N,  OP-01G  and  OP-01GR  devices;  TA  = 

125  °C  for  OP-01  NT  and 

OP-01  GT  devices,  unless  otherwise  noted. 

OP-01  NT 

OP-01  N 

OP-01  QT 

OP-01  Q 

OP-oi  gh 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

UMIT 

UNITS 

Input  Offset  Voltage 

Vos 

Rs<20kn 

1.0 

0.7 

3.0 

2.0 

5.0 

mV  MAX 

Input  Offset  Current 

los 

4 

2 

10 

5 

20 

nA  MAX 

Input  Bias  Current 

Ib 

SO 

30 

100 

50 

100 

nAMAX 

Input  voltage  Range 

IVR- 

±10 

±12 

±10 

±12 

±12 

VMIN 

Common-Mode 
Refection  Ratio 

CMRR 

VCM=±10V 
Rs£20k<) 

85 

85 

80 

80 

80 

dBMIN 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±5Vto±20V 
Rs<20k(l 

60 

60 

100 

too 

150 

(•V/VMAX 

Output  Voltage 

RL2  6kfl 

±12.5 

±12.5 

±12.5 

±12.5 

±12.6 

VMIN 

Swing 

Vom 

RL55  2kll 

±12.0 

±12.0 

±12.0 

±12.0 

±12.0 

Urge-Signal 
Voltage  Gain 

ATO 

RL2  2kn 
Vo  =  ±10V 

30 

50 

25 

50 

25 

V/mVMIN 

Power  Consumption 

Pd 

Vout  =  0 

90 

80 

90 

mW  MAX 

NOTES: 

For  25'C  characteristics  of  NT  &  GT  devices,  see  N  &  G  characteristics  respectively. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  In  assembly  methods  and  normal  yield  loss,  yield  after  packaging  la  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


2 

r— I 

Oh 


1 

o 

I 

8 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA=  25° C,  unless  otherwise  noted. 


ALL  GRADES 


PARAMETER              SYMBOL  CONDITIONS 

TYPICAL 

UNITS 

Sfew  Rate                 SR         AVCL  =  -1 ,  R8  =  3kn  to  Skd 

18 

V/Ms 

V,N  =  5V 

Settling  Time  to                       Av  =  -1 

0.1%                       8           RL  =  2kn  (See  Settling  Time  Test  Circuit) 
(Summing  Node  Error)              CL  =  50pF 

1.0 

flS 

Large-Signal 
Bandwidth 

250 

kHz 

Small-Signal 
Bandwidth 

2.5 

MHz 

Vw  =  50mV 
RIsotlme                 t,  , 

Ay13-! 

150 

ns 
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OP-01  INVERTING  HIGH-SPEED  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


LARGE-SIGNAL 
PULSE  RESPONSE 


E3B 

□ 

m 

I 

EE 

i 

; 

■ 

■■■ 

II 

■ 

mm 

■ 

■ 

m 

H 

■ 

75 

TIME  IWOnu/DIVI 
us  ■  -15V.  A„  -  -1.  Ft.  -  2fc!!.c.  -  MpF 


SMALL-SIGNAL 
PULSE  RESPONSE 


TIME  HOOmt'OIV) 
Vs  -115V.  Av  -  -1.  RL  -  2>£I.CL  -  50pF 


UNITY-GAIN  BANDWIDTH 
vs  SOURCE  RESISTANCE 


OPEN-LOOP  GAIN 
vs  FREQUENCY 


G.10  IB9 
FflLOlllNCV  Mil, 


LARGE-SIGNAL  OUTPUT 
SWING  vs  FREQUENCY 


10  Q     1D0      1000  10.000 


APPLICATIONS  INFORMATION 

The  OP-01  incorporates  an  internal  feed-forward  compensa- 
tion network  to  provide  fast  slewing  and  settling  times  in  all 
inverting  and  moderate-to-high-gain  noninverting  applica- 
tions. Unity-gain  bandwidth  is  a  function  of  the  total  equiva- 
lent source  resistance  seen  by  the  inverting  terminal.  Proper 
choice  of  this  resistance  will  allow  the  user  to  maxmize 
bandwidth  while  assuring  proper  stability.  The  equivalent- 
inverting-terminal-resistance  is  defined  as  RinIIRf.  and  it 
must  be  greater  than  3.3kfl  to  assure  stability  in  all  closed- 
loop  gain  configurations  including  unity  gain.  Should 
R i isi 1 1  RF£3.3kfl,  a  resistor  (Rs)  may  be  placed  between  the 
inverting  input  and  the  sum  node  to  provide  the  required 
resistance.  (See  Fast  Inverting  Amplifier  Diagram  Lower 
values  of  total  equivalent  resistance  may  be  used  to  improve 
bandwidth  in  higher  closed-loop  gain  configurations,  as 
indicated  by  the  Open-Loop  Gain  vs.  Frequency  plot. 


FAST  INVERTING  AMPLIFIER 
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OP-01  INVERTING  HIGH-SPEED  OPERATIONAL  AMPLIFIER 


SETTLING-TIME  TEST  CIRCUIT 

Settling  time,  may  be  measured  using  the  circuit  shown 
below.  This  circuit  incorporates  the  "false  sum  node"  tech- 
nique to  produce  accurate,  repeatable  results.  For  a  5V  input 
step,  0.1%  settling  will  be  achieved  when  the  false  sum  node 
settles  to  within  ±2.5mV  of  its  final  value.  The  oscilloscope 
used  for  observation  of  the  false  sum  node  should  have  wide 
bandwidth,  fast  overload  recovery  time,  and  be  used  with  a 
low  capacity  probe  (<  10pF,  including  strays).  A  Tektronix 
7504  scope  with  a  7A1 1  probe  or  equivalent  is  suggested.  The 
pulse  generator  should  have  a  50O  output  impedance  and  be 
capable  of  a  SV  rise  time  in  <  20ns  with  ringing  less  than 
2.SmV  after  O.S/iS.  Measurements  toO.1%  require  R!N  to  equal 
RFwithln  0.01%;  Rsand  Re  are  used  as  trimming  resistors  to 
achieve  this  matching. 


VA  TO  SCOPE  C,N-10oF  O 
I   »IN  


1 


twntix    inn  A  icon  isonsix 

0.9X  iO.S% 


M 

an 


R! 


>50!1  >wn= 
r         >  tmi 


0.5%    |  i0.5% 
1%>  6S0nt6% 


r-W\A- 


♦15V 

0.1|iFt10% 


OFFSET  NULLING  CIRCUIT 


TYPICAL  APPLICATIONS 


FAST  VOLTAGE-OUTPUT  D/A  CONVERTER 


MSB  1.90 


TYPICAL  SETTLING 
TIME  OAn 


dp  CL«60pF 


PRECISION  POWER-BOOSTER  CIRCUIT 


UJ 


Z 

o 

S 

UJ 

o 


TYPICAL  PERFORMANCE: 

SLEW  RATE  «•  18V/u» 

0.1%  SETTLING  *m  (RL  -  50011) 

QUIESCENT  SUPPLY  CURRENT  1.5mA 


IlOnF 
(TANTALUM) 
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Precision  Alonolithics  Inc. 


OP-02 

GENERAL-PURPOSE 
OPERATIONAL  AMPLIFIER 


FEATURES 

•  Excellent  DC  Specifications 

•  Low  Noise  0.65;iVp.pTyp 

•  Low  Drift  (TCVqs)  BjiVTC  Max 

•  Silicon-Nitride  Passivation 

•  125°  C  Tested  Dice  Available 

•  "Premium"  741  Replacement 

ORDERING  INFORMATION! 


PACKAGE 


TA=2S»C 
V0SMAX 


TO-89 


HERMETIC 
DIP 


PLASTIC 
DIP 


OPERATING. 
TEMPERATURE 


<mV) 

WIN 

8-PIN 

S-PIN 

RANGE 

0.5 

OP02AJ- 

OP02A2' 

MIL 

0.5 

OP02EJ 

OP02EZ 

OP02EP 

COM 

2.0 

OP02J' 

OP022- 

MIL 

2.0 

OP02CJ 

OP02CZ 

OP02CP 

COM 

S.0 

OP0ZBJ" 

MIL 

5.0 

OP02DP 

COM 

'For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /B83  after 
part  number.  Consult  factory  lor  883  data  sheet. 

t Bum-in  is  available  on  commercial  and  industrial  temperature  range  parts  In 
cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1863 
Data  Book.  Section  2. 

GENERAL  DESCRIPTION 

This  high-performance  general-purpose  operational  ampli- 
fier provides  significant  improvements  over  industry-standard 
and  "premium"  741  types  while  maintaining  pin-for-pin 
compatibility,  ease  of  application,  and  low  cost.  Key  specifi- 
cations, such  as  Vqs.  I os.  Ib>  CMRR,  PSRR,  and  Avq  are 


guaranteed  over  the  full  operating  temperature  range. 
Precision  Monolithics'  exclusive  Silicon-Nitride  "Triple 
Passivation"  process  reduces  "popcorn  noise."  Athermaily- 
symmetrical  input-stage  design  provides  low  input  offset 
voltage  drift  and  Insensitivity  to  output  load  conditions. 

The  OP-02  is  a  direct  replacement  for  the  741.  It  is  ideal  for 
upgrading  existing  designs  where  accuracy  improvements 
are  required  and  for  eliminating  special  low-drift  or  low-noise 
selected  types. 

PIN  CONNECTIONS 


IMC 

6AL  I^JO**^!  v* 

"""r-Tf^ — O  «  OUT 

MM  JX^y^t  Ml 
•  V-ICAH) 

TO-99 
(J-Sufflx) 

s»l|T 
♦(N  (t 

v-E 

3  NX.  B»Lf7 
3  v»  -INfT 
3  OUT  ««|T 
3  HAL  V-fJ 

T]rlc 

"£our 

8-PIN  HERMETIC  DIP       EPOXY  MINI-DIP 
(Z-Sufflx)  (P-SuHix) 

SIMPLIFIED  SCHEMATIC 


*Q1,  Q2.  03  ANO  O*  FOAM  A 
THERMALLV  CROSMOUPLCD 
OUAO.  OS.  OS'.  Qfl  ANO  OT 
COMPRIK  A  SIMILAR  THIR-  ™ 
MALLV  CftOSSCOltfUOOUAD. 
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OP-02  GENERAL-PURPOSE  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 


Supply  Voltage   ±22V 

Power  Dissipation  (Note  1)   500mW 

Differentia/  Input  Voltage  +30V 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration   Indefinite 

Operating  Temperature  Range 

OP-02A,  OP-02.  OP-02B    -55°C  to  +125°C 

OP-02E.  OP-02C,  OP-02D   0°C  to  +70°C 

Storage  Temperature  Range   -65°  C  to  + 150°  C 

Lead  Temperature  (Soldering,  60  sec)   300°  C 

DICE  Junction  Temperature  (T|)    ^"Cto+ISCC 


NOTES: 

1.  See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

TO-99  (J) 

80*C 

7.1mW/»C 

8-Pln  Plastic  DIP  (P) 

38*  C 

5.6mW/°C 

6-Pin  Hermetic  DIP  (Z) 

75"  C 

6.7mW/"C 

2.  Absolute  maximum  ratings  apply  to  both  packaged  pans  and  DICE,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  +15V,  TA  =  25°C,  unless  otherwise  noted. 


OP-02A 

OP-02 

OP-02B 

OP-02E 

OP-02C 

OP-02D 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

MIN 

TYP  MAX 

MIN 

TYP  MAX 

UNITS 

Input  Offset  Voltage 

Vos 

Rs£20kn 

0.3 

0.5 

— 

1 

2 

3 

5 

mV 

Input  Offset  Current 

■os 

0.5 

2 

1 

5 

5 

25 

nA 

Input  Bias  Current 

le 

- 

18 

30 



20 

50 

- 

30 

100 

nA 

Input  Resistance- 
DIHerentlal-Mode 

RIN 

(Note  2) 

3.4 

5.7 

20 

1 

3  5 

ua 

Input  Voltage  Range 

IVR 

±10 

±13 

±10 

±13 

±10 

±13 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

Rs£20kn 

65 

100 

60 

65 

70 

85 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±5lo±20V 
RsS20kn 

10 

60 

30 

100 

100 

150 

pV/V 

Output  Voltage  Swing 

Vo 

RL>2kn 

±12 

±13 

±12 

±13 

±12 

±13 

V 

Large-Signal 
Voltage  Gain 

Avo 

RL£2kn 
Vo  =  ±10V 

100 

250 

50 

200 

25 

150 

V/mV 

Power  Consumption 

Pd 

v0=ov 

40 

70 

50 

90 

50 

80 

raw 

Input  Noise  Voltage 

•np-o 

0.1  Hz  to  10Hz 

0.65 

0.85 

0.65 

Input  Noise 
Voltage  Density 

8„ 

fo=10Hz 
f0=  100Hz 
l0  =  1000Hz 

25 
22 
21 

25 
22 
21 

25 
22 
21 

nVA/Rz 

Input  Noise  Current 

'np-P 

0.1Hz  to  10Hz 

12.8 

12.6 

12.8 

PAP-P 

Input  Noise 
Current  Density 

'» 

fo  =  10Hz 
lo=100Hz 
t0=  1000Hz 

1.4 
0.7 
0.4 

1.4 
0.7 
0.4 

1.4 
0.7 
0.4 

PAA/HZ 

Slew  Rate 

SR 

(NoteD 

0.25 

0.5 

0.25 

0.5 

0.25 

0.5 

V/fis 

Large-Signal 
Bandwidth 

Vo  =  20Vp.p 
(Notes  1, 4} 

4 

8 

4 

6 

4 

8 

kHz 

Closed- Loop 
Bandwidth 

BW 

Avcl  =  +  i 
(Note  3) 

1 

1.3 

1 

1.3 

1 

1.3 

MHz 

Risetime 

t, 

AVCL  =  +  1 

V,N  =  50mV  (Note  1) 

200 

350 

200 

350 

200 

350 

ns 

Overshoot 

OS 

(Note  1} 

5 

10 

5 

10 

5 

10 

% 

I— I 

Mi 
Oh 


1 

9 
o 


NOTES: 

1.  Sample  tested. 

2.  Guaranteed  by  Input  bias  current. 

3.  Guaranteed  by  maximum  risetime. 

4.  Guaranteed  by  minimum  slew  rate. 
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OP-02  GENERAL-PURPOSE  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  -55°  C  £  TAs  +125°C,  unless  otherwise  noted. 


OP-02A 

OP-02 

OP-02B 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

Rs<20kn 

— 

0.5 

1 

— 

1.4 

3 

3 

6 

mV 

Average  Input  Offset 
Voltage  Drift  (Note  1) 

TCVos 

Rs  =  50fl 

2 

8 

- 

4 

10 

8 

20 

liV/«C 

Input  Offset  Current 

I  OS 

1 

5 

2 

10 

5 

50 

nA 

Average  Input  Offset 
Current  Drift  (Note  1) 

Tf-I  „ 

- 

7.5 

75 

15 

150 

- 

30 

300 

pA/*C 

Input  Bias  Current 

'b 



30 

60 



40 

100 

_ 

50 

200 

nA 

Input  Voltage  Range 

IVR 

- 10 

±13 

±10 

±13 

- 

±10 

±13 

— 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

Vcm°±N>V 
Rs£20kO 

60 

85 

80 

95 

70 

65 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±5to±20V 
RsS20kn 

10 

60 

30 

100 

100 

150 

fiV/V 

Large-Signal 
Voltage  Gain 

Avo 

RL2  2kO 
Vo  =  ±10V 

50 

100 

25 

60 

25 

60 

V/mV 

Output  Voltage  Swing 

Vo 

RL>2k(J 

±12 

±13 

±12 

±13 

±10 

±13 

V 

ELECTRICAL  CHARACTERISTICS  at  V8  = 

±15V,  0°C<  TA<+70°C,  unless  otherwise  noted. 

OP-02E 

OP-02C 

OP-02D 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

RsS20kfl 

0.4 

1 

1.2 

3 

3 

6 

mV 

Average  Input  Offset 
Voltage  Drift  (Note  1) 

TCVqs 

Rs  =  50n 

2 

8 

4 

10 

8 

20 

pV/*C 

Input  Offset  Current 

I  OS 

0.7 

4 

1.4 

10 

5 

50 

nA 

Average  Input  Offset 
Current  Drift  (Note  1) 

TCIos 

7.5 

120 

15 

250 

70 

500 

pA/°C 

Input  Bias  Current 

la 

22 

50 

25 

100 

50 

200 

nA 

Input  Voltage  Range 

IVR 

±10 

±13 

±10 

±13 

±10 

±13 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

Vcm=±10V 
Rs<20kf> 

SO 

100 

80 

90 

70 

85 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±5to±20V 
Rs<20kfl 

10 

60 

30 

100 

100 

150 

Large-Signal 
Voltage  Gain 

Avo 

RL>2kfl 
Vo  =  ±10V 

50 

100 

25 

60 

15 

25 

V/mV 

Output  Voltage  Swing 

Vo 

RL>2kn 

+12 

±13 

±12 

±13 

±10 

±13 

V 

NOTE: 

1.  Sample  tested. 
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PMI> 


OP-02  GENERAL-PURPOSE  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS  (125°C  TESTED  DICE  AVAILABLE) 


□  IE  SIZE  0.047  X  0.043  inch,  2021  sq.  mils 
(1.19  X  1.09  mm,  1.30  sq.  mm) 


1.  NULL 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  V- 

5.  NULL 

6.  OUTPUT 

7.  V+ 

For  additional  DICE  ordering  Information,  refer 
lo  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs=  ±15V,  TA  =  25°C  for  OP-02N,  OP-02G  and  OP-02GR  devices;  TA  =  12S°C  for  OP-02NT  and 
OP-02GT  devices,  unless  otherwise  noted. 


SYMBOL  CONDITIONS 


OP-02NT 

LIMIT 


OP-02N 

LIMIT 


OP-02GT 
LIMIT 


OP-02G 
LIMIT 


OP-02GR 
LIMIT 


Input  Offset  Voltage 

v0s 

RS<20M1 

1 

0.5 

3 

2 

5 

mV  MAX 

Input  Offset  Current 

I  OS 

5 

3 

6 

5 

25 

nA  MAX 

Input  Bias  Current 

Ib 

50 

30 

60 

50 

200 

nA  MAX 

Input  Voltage  Range 

IVR 

±13 

~13 

±13 

±13 

±13 

V  MIN 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±10V 
Rs<  20M! 

80 

85 

80 

80 

70 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±5Vto±20V 
Rs<20k!l 

60 

60 

100 

100 

150 

(iV/V  MAX 

Output  Voltage  Swing 

v0 

RL>2kil 

±12 

±12 

+  12 

±12 

±12 

V  MIN 

Large-Signal 
Voltage  Gain 

Avo 

RL£2kl) 
Vo  =  ±10V 

50 

100 

25 

50 

25 

V/mV  MIN 

Power  Consumption 

Pa 

Vo  =  0V 

90 

90 

90 

mW  MAX 

NOTE: 

For  25°C  characteristics  of  NT  and  GT  devices,  see  N  and  G  characteristics,  respectively. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Duo  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  = 

±15V,  TA  =  25°C,  unless  otherwise  noted. 

OP-02NT 
OP-02N 

OP-02GT 
OP-02G 

OP-02GR 

PARAMETER 

SYMBOL  CONDITIONS 

TYPICAL 

TYPICAL 

TYPICAL 

UNITS 

Input  Resistance 
Differential-Mode 

5.7 

5.2 

3.5 

Mil 

Input  Noise  Voltage 

e„p.p               0.1Hz  to  10Hz 

0.65 

0.65 

0.65 

MVp 

Input  Noise 
Voltage  Density 

f0=  10Hz 
e„                   f0=  100Hz 
f0  =  1000Hz 

25 
22 
21 

25 
22 
21 

25 
22 
21 

nV/vHz 

Input  Noise  Current 

l„p.p                0.1Hz  to  10Hz 

12.8 

12.8 

128 

pAp.p 

Input  Noise 
Current  Density 

f0=  10Hz 
l„                    f0=  100Hz 
f0  =  1000Hz 

1.4 
0.7 
0.4 

1.4 
0.7 
0.4 

1.4 
0.7 
0.4 

pA/\/Hz 

Slew  Rate 

SR 

0.5 

0.5 

0.5 

V/>iS 

Vo=20Vp.p 

8 

8 

8 

kHz 

Closed-Loop 
Bandwidth 

BW                   AVCL  =  +  1 

1.3 

1.3 

1.3 

MHz 

Risetimo 

Av=  +  1 
'                    V,N  =  50mV 

200 

200 

200 

ns 

Overshoot 

OS 

15 

15 

15 

% 

Average  Input  Offset 
Voltage  Drift 

Rs=  500l! 
'^"os  iNotell 

2 

4 

8 

fAVC 

Average  Input  Offset 
Current  Drift 

TCI0S 

7.5 

15 

30 

pA/°C 

at 

Ph 


< 
Z 

o 

oi 
pj 

Ph 
O 


NOTE: 

1.  Sample  tested. 
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OP-02  GENERAL-PURPOSE  OPERATIONAL  AMPLIFIER 


BURN-IN  CIRCUIT 


OFFSET  NULLING  CIRCUIT 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


INPUT  SPOT  NOISE 
VOLTAGE  vs  FREQUENCY 


INPUT  SPOT  NOISE 
CURRENT  vs  FREQUENCY 


INPUT  WIDEBAND  NOISE  vs 

BANDWIDTH  (0.1  Hz  TO 
FREQUENCY  INDICATED) 


0.01     aio      i.o       io       no  iooo 

FREQUENCY  IHll 


0.01       0.10        1.0  10  100 

FREQUENCY  (Nil 


1.0  10 
BANDWIDTH  IkHil 


OUTPUT  VOLTAGE  vs 
LOAD  RESISTANCE 


14 

l- 

s . 


1 

_  TA-2E1 
Vs-*15 

c 

I   I  I  1 1 1 II 

POSITIVE  SWING 

V 

^  NEGATIVE  SWING 

• 

f 

DIFFERENTIAL 
INPUT  RESISTANCE 
vs  TEMPERATURE 


-00  -10 


LOAD  RESISTANCE  TO  GROUND  (UU 


•20  ««0  *I00 
TEMPERATURE  CCJ 


POWER  CONSUMPTION 
vs  POWER  SUPPLY 


=  TA"2S'c: 

0  20  40  0 

TOTAL  SUPPLY  VOLTAGE.  V*  TO  V-  (VOLTS) 
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OP-02  GENERAL-PURPOSE  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


POWER  CONSUMPTION 
vs  TEMPERATURE 


T  1  

Vs-*1BV 

1  1 

Of1- 

PQ 

ZE.C 

OUTPUT  SHORT-CIRCUIT 
CURRENT  vs  TIME 


-feO       -20       +20       460      ttoo  *i*o 
TEMPERATURE  CC) 


OPEN-LOOP  GAIN 
vs  TEMPERATURE 


1  1 

* 

>  * 

TtME  FROM  OUTPUT  BEING  SHORTED  (MtNUTESI 


-20         *20         «eo  *100 
TEMPERATURE  (*C, 


UNTRIMMED  OFFSET  VOLTAGE 
vs  TEMPERATURE 


1.75 
1.50 


;  us 

j  1.00 

) 

;  0.75 

f 

> 

■  o-so 

I  0-25 

I . 


.  v$«sisv_ 


-20         *  20         *  60        *100  *140 
TEMPERATURE  l*C) 


INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


♦20  *60  *100 
TEMPERATURE  ("CI 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


s 

OP 

>2C 

*- 

r 

OP 

/ 

>2  — 

OP 

02  E 

OP 

n 

02A 

TEMPERATURE  l*CI 


OPEN-LOOP  GAIN  vs 
POWER  SUPPLY  VOLTAGE 


1 

Ta  -  tffC 
RL  -  lOkfl 

tS  110  t15 

POWER  SUPPLY  (VOLTS) 


CMRR  vs  FREQUENCY 


"llllllll  lllllll 

OP02A&OP02E 

TTW 

OP  02  &  OP  02C 


P-02C  i 


PSRR  vs  FREQUENCY 


c 

niiii 

IP02A 

10 

II  NIL 

P02E 

ta- 

2. 

-c 

o 

111 

P42& 

DP 

D2C  [\ 

III; 

f 

[ 

i\ 

T' 

i 

IT 

s 

Viill 

FREOUENCV  (Hil 


1  10  100  Ik  10k  100k 

FREOUENCV  [Mil 
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OP-02  GENERAL-PURPOSE  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


MAXIMUM  UNOISTORTEO 
OUTPUT  vs  FREQUENCY 


OPEN-LOOP 
FREQUENCY  RESPONSE 


CLOSED-LOOP  RESPONSE 
FOR  VARIOUS  GAIN 
CONFIGURATIONS 


r 

t 


1 

TA-2S-C 

5V 

FREQUENCY  &KI) 


0.1     1.0     10     100     tk     tOll  100k     IM  10M 
FREQUENCY  Ml) 


Ik  fOk  100k 
FREQUENCY  (M>J 


TYPICAL  APPLICATIONS 
HIGH-STABILITY  VOLTAGE  REFERENCE 


■jwv- 


R1 

UU1 


FOB  R2- 3,6*11  AND 
R2-8.4kn, 

v0UT-  ^se^6V^ 

IFV2-6*4V.THEN 
VOUT-»10V 


ABSOLUTE  VALUE  CIRCUIT 


DESIGN  EQUATIONS 


POSITIVE  INPUT 

1.    VA  -  0.  02  OFF,  D1  ON 

3.  WIOl  R1  -  RJ  ■  R4  -  R»:  Eo  -  E|N 

4.  VOS  «n»  tacbM:  Eo-E|N«WOS 


NE0AT1VE  INPUT 

1.    01  OFF,  02  ON 

,     -ElN  ,,  VA  ,  VA 


Eo-VA  (i 


_B5_ 


RJ»R4/ 
With  R3  •  R4  •  RS:  Eo-IJSVA 
.  IRaiR»«R4)l1JlElN 
e°  R1  (R2  ♦  R3  ♦  R41 

With  Rl  -  R2  -  R3  -  R4:  Eo  ■  -€(N 
Vqj  wfof  Indudu): 
EO  "  -E(N  +  1.5VOS2  -  O^VOSI 
For  both  inputs:  Eq  -  ♦  [E[Nl 
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PMI) 


OP-02  GENERAL-PURPOSE  OPERATIONAL  AMPLIFIER 


TYPICAL  APPLICATIONS 
DAC-08  OUTPUT  AMPLIFIER 


REF-01 


J— "W\r- 


FOR  COMPLEMENTARY  OUTPUT  (OPERATION  AS  A  NEGATIVE 
LOGIC  OAC)  CONNECT  NON-INVERTING  INPUT  OF  OP-AMP  TO 
fo  (PIN  21.  CONNECT  lo  (PIN  41  TO  GROUND. 


INPUT/OUTPUT  TABLE 


B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

IqITIA 

E0 

FULL-SCALE 

1 

1 

1 

1 

1 

1 

1 

1 

1.992 

-9.960 

-1  LSB 

FULL-SCALE 
-2  LSB 

1 

1 

1 

1 

1 

1 

1 

0 

1.984 

-9.920 

HALF-SCALE 
-f  LSB 

1 

0 

0 

0 

0 

0 

0 

1 

1.008 

-5.040 

HALF-SCALE 

1 

0 

0 

0 

0 

0 

0 

0 

1.000 

-5.000 

HALF-SCALE 
-LSB 

0 

1 

1 

1 

1 

1 

1 

i 

0.992 

-4.860 

ZERO-SCALE 
+LSB 

0 

0 

0 

0 

0 

0 

0 

i 

0.0008 

-0.040 

ZERO-SCALE 

0 

0 

0 

0 

0 

0 

0 

0 

0.000 

0.000 

3 


< 

1 

o 

UJ 

c 

o 
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Precision  Monolithics  Inc. 


OP-04/OP-14 

DUAL  MATCHED  HIGH-PERFORMANCE 
OPERATIONAL  AMPLIFIERS 


FEATURES 

•  Excellent  DC  Input  Specifications 

•  Matched  V0s  and  CMRR 

•  OP-14  Fits  Standard  1458/1558  Sockets 

•  Internally  Compensated 

•  Low  Noise 

•  Low  Drift 

•  Low  Cost 

•  0*C/+70°C  and  -55°C/+125°C  Models 

•  Slllcon-Nltrlde  Passivation 

•  Models  with  MIL-STD-883  Class  B  Processing 

Available  From  Stock 

ORDERING  INFORMATION! 


PACKAGE 

TA  =  2S«C 

HERMETIC 

PLASTIC 

OPERATING 

v0s 

TO-99    TO-100  DIP 

DIP 

TEMPERATURE 

<mV) 

8-PIN     10-PIN     8-PIN  14-PIN 

8-PIN 

RANGE 

0.75 

OP14AJ'  OP04AK'  OP14AZ'  OP04AV 

MIL 

0.75 

OP14EJ       -      OP14EZ  OP04EY 

OP14EP 

COM 

2.0 

OP14J'  OP04K'  OP14Z'  OP04V 

MIL 

2.0 

OP14CJ  OP04CK  OP14CZ  OP04CV 

OP14CP 

COM 

5.0 

-     OP04BK       —  - 

MIL 

5.0 

OP14DJ      —     OP14DZ  OP04DV 

OP14DP 

COM 

'For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  alter 
part  number.  Consult  lactory  for  883  data  sheet. 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book.  Section  2. 

GENERAL  DESCRIPTION 

The  OP-04/OP-14  series  of  dual  general-purpose  operational 
amplifiers  provides  significant  improvements  over  industry- 
standard  747  and  1458/1558  (OP-14)  types  while  maintaining 

SIMPLIFIED  SCHEMATIC  (Each  Amplifier) 


pin-for-pin  compatibility,  ease  of  application,  and  low  cost. 
Key  specifications,  such  as  V0s,  los.  >b.  CMRR,  PSRR  and 
Av0,  are  guaranteed  over  the  full  operating  temperature 
range.  Precision  Monolith  ics'  exclusive  Silicon-Nitride  'Triple 
Passivation"  process  reduces  "popcorn  noise".  A  thermally- 
symmetrical  input  stage  design  provides  low  TCVos.  TCIos. 
and  insensitivity  to  output  load  conditions.  This  series  Is  Ideal 
for  upgrading  existing  designs  where  accuracy  improve- 
ments are  desired.  For  more  stringent  requirements,  refer  to 
the  OP-207,  OP-220,  or  OP-221  dual-matched  operational 
amplifier  data  sheets. 

PIN  CONNECTIONS 


-IN  [A]  [I  ^|  H]  "L  l« 

♦IN  IAI  E  -1  L  ]E  V»  (Al 

BAL  IA)  [T  I  tfc>—  k]  OUT  IAI 

V-  E  ID  N  C. 

SAL  IB)  (T  rff^-  ]»]  OUT  IB) 

•in  a)  Lt  -I  y      T}  vt  m 

-IN  IBI  LL  — '  H  SAL  IB) 

14-PIN  HERMETIC  DIP 
(Y-SuHlx) 
OP-04 

10  N.C. 

OUT  IAI  1 _J3L»  OUT  IBI 


8-PIN  HERMETIC  DIP 
(Z-Sufflx)  OP-14 
& 

EPOXY  MINI-DIP 
(P-Sufflx)  OP-14 

8  V* 


TO-100  (K-Sufflx) 
OP-04 


TO-99  (J-Sufflx) 
OP-14 


'01. 02. 03  AND  04  FORM  A 
THERMALLY  CROSSCOUPLED 
QUAD.  05.  OS'.  OS  AND  OS* 
COMPRISE  A  SIMILAR 
THERMALLY  CROSSCOUPLEO 
QUAD. 

-INO- 


6  BALANCE 

BALANCE  ACCESSIBLE  WITH  OP-04  IN  WIN  HERMETIC  DIP  ONLY. 
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PMI) 


OP-04/OP-14  DUAL  MATCHED  HIGH-PERFORMANCE  OPERATIONAL  AMPLIFIERS 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage     +22V 

Internal  Power  Dissipation  (Note  1 )    500mW 

Differential  Input  Voltage  ±30V 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range 

J,  K,  Y,  and  Z  Packages    -65°Cto  +  150°C 

P  Package    -65°Cto+1250C 

Lead  Temperature  Range  (Soldering,  60  sec)    300°  C 

Operating  Temperature  Range 

A.  Plain.  B-Suffix    -55°C  to  +125°C 

E,  C,  D-Suffix   0°C  to  +70°C 

DICE  Junction  Temperature  (Tj)    -65°C  to  +150°C 

NOTES: 

1.  See  table  lor  maximum  ambient  temperature  rating  and  derating  factor. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

COD  DATIMft 

run  mai  mu 

TPMPFRATI1RP 

14-Pln  Hermetic  DIP  (Y) 
OP-04 

100*C 

10.0mW/*C 

TO-100  (K| 
OP-04 

80' C 

7.1mW/"C 

TO-99  (Jl  OP-14 

60°  c 

7.1mW/°C 

8-Pln  Hermetic  DIP  (Z) 
OP-14 

7S'C 

6.7mW/"C 

8-Pin  Plastic  DIP  (PI 
OP-14 

38*  C 

5.6mW/'C 

2.  Absolute  maximum  ratingsapply  to  both  packaged  partsand  DICE,  unless 
otherwise  noted. 


MATCHING  CHARACTERISTICS  at  Vs=  ±15V,  TA=  25°C,  unless  otherwise  noted. 


PARAMETER  SYMBOL 

CONDITIONS 

OP-04A  OP-04E 
OP-14A  OP-14E 

MIN      TYP  MAX 

OP-04  OP-04C 
OP-14  OP-14C 

MIN      TYP  MAX 

UNITS 

Input  Offset  Voltage  A>> 
Match  iVos 

Rs<20kfl 

-       0.3  1 

—          1  2 

mV 

Common-Mode  Rejection 
Ratio  Match 

VCM  =  ±  10V,  R8£  100ft 

94       106  - 

94       106  — 

dB 

MATCHING  CHARACTERISTICS  at  VS  =  ±15V,  -55°C  <  TA<  +125°C  for  OP-04A,  OP-14A,  OP-04  and  OP-14, 
0°  C  <  TA  <  70°C  for  OP-04E,  OP-14E,  OP-04C  and  OP-14C,  unless  otherwise  noted. 

PARAMETER  SYMBOL 

CONDITIONS 

OP-04A  OP-04E 
OP-14A  OP-14E 

MIN      TYP  MAX 

OP-04  OP-04C 
OP-14  OP-14C 

MIN      TYP  MAX 

UNITS 

Input  Offset  Voltage 
Match  AVos 

RsS20kn 

-       0.5  1.5 

—        1.5  3 

mV 

Common-Mode  Rejection 
Ratio  Match 


I— ^ 

I— ^ 


t 

o 

i 

CL, 
O 


ACMRR         Vcu  =  ±  10V.  Rs  S  100(1 


90  100 


100  — 


dB 


ELECTRICAL  CHARACTERISTICS  (Each  Amplifier)  at  Vs=  ±15V,  TA  =  25° C.  unless  otherwise  noted. 


OP-04A7OP-14A 

OP-04/OP-14 

OP-04B/OP-14B 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MEN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

Rs<20kn 

0.3 

0.75 

1 

2 

3 

5 

mV 

Input  Offset  Current 

los 

O.S 

5 

1 

5 

5 

25 

nA 

Input  Bias  Current 

la 

IB 

50 

20 

75 

30 

100 

nA 

Input  Resistance  — 
Differential-Mode 

R[N 

(Note  3) 

2.0 

7.5 

1.35 

7 

1 

5 

Mfl 

Input  Voltage  Range 

IVR 

±10 

±13 

±10 

±13 

±10 

±13 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM=±10V 
Rs<20k() 

85 

100 

80 

95 

70 

85 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±5Vto±20V 
Rs<20kO 

10 

60 

30 

100 

100 

150 

dV/V 

Output  Voltage  Swing 

v0 

RL>2kfl 

±12 

±13 

±12 

±13 

±12 

±13 

V 
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OP-04/OP-14  DUAL  MATCHED  HIGH-PERFORMANCE  OPERATIONAL  AMPLIFIERS 


ELECTRICAL  CHARACTERISTICS  (Each  Amplifier)  at  Vs  =  +  15V,  TA=  25°  C,  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-04A/OP-14A 

MIN      TYP  MAX 

OP-04/OP-14 

MIN        TYP  MAX 

OP-04B/OP-14B 

MIN      TYP  MAX 

UNITS 

Large-Signal 
Voltago  Gain 

AV0 

RL2  2kn 
Vqs+IOV 

100 

250 

- 

50 

200 

- 

25 

200 

- 

V/mV 

Power  Consumption 
(Note  2) 

Pd 

v0=ov 



50 

90 



50 

90 

_ 

50 

90 

mW 

Input  Noise  Voltage 

°np-p 

0.1Hz  to  10Hz 

- 

0.65 

- 

- 

0.65 

- 

— 

0.65 

"Vp 

Input  Noise  Voltage 
Density 

«n 

fo=10Hz 
f0=  100Hz 
l0  =  1000Hz 

25 
22 
21 

25 
22 
21 

— 

25 
22 
21 

— 

nV/VHT 

Input  Noise  Current 

'np-P 

0.1Hz  to  10Hz 

- 

12.8 

- 

— 

12.8 

— 

— 

12.8 

— 

pAp.p 

Input  Noise  Current 
Density 

>n 

fo=10Hz 
f0=  100Hz 
f0  =  1000Hz 

- 

1.4 
0.7 
0.4 

— 

— 

1.4 
0.7 
0.4 

— 

— 

1.4 
0.7 
0.4 

— 

pA/VhT 

Channel  Separation 

CS 

100 

- 

100 

— 

80 

— 

dB 

Slow  Rate  (Note  1) 

SR 

RL=2kn. 
CL=100pF 

0.25 

0.5 

— 

0.25 

0.5 

0.25 

0.5 

V/(iS 

Large-Signal 
Bandwidth  (Notes  1,5) 

Vo  =  20Vp.p 

4 

8 

4 

8 

4 

8 

kHz 

Closed-Loop 
Bandwidth  (Note  4) 

BW 

AvCL=+10 

1.0 

1.3 

1.0 

1.3 

1.0 

1.3 

MHz 

Risetime  (Note  1) 

'r 

Av  =  +1.VIN  =  50mVp.p 
RL=2ka  CL  =  50pF 

260 

350 

260 

350 

260 

350 

ns 

Overshoot  ( Note  1) 

OS 

Av  =  +1.V|N  =  50mVp.p 
RL=2kn.CL  =  50pF 

5 

10 

5 

10 

5 

10 

% 

ELECTRICAL  CHARACTERISTICS  (Each  Amplifier)  at  V 

S  =  ±15V, 

-55°  C  <  TA  <  + 1 25°  C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

OP-04A/OP-14A 
MIN       TYP  MAX 

OP-04/OP-14 
MIN       TYP  MAX 

OP-04B/OP-14B 
MIN       TYP  MAX 

UNITS 

Input  Offset  Voltage 

Vos 

Rs£20kn 

0.4 

1.5 

1.2 

3 

3 

6 

mV 

Average  Input  Offset 
Voltage  Drift  (Note  1) 

TCVos 

Rs=son 

2 

8 

4 

10 

8 

20 

(iWC 

Input  Offset  Current 

los 

1 

10 

2 

10 

10 

SO 

nA 

Average  input  Offset 
Current  Drift  (Note  1) 

TCIos 

7.5 

120 

15 

250 

70 

500 

pA/°C 

Input  Bias  Current 

>B 

30 

60 

40 

100 

SO 

200 

nA 

Input  Voltage  Range 

IVR 

±10 

±13 

±10 

±13 

+  10 

±13 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCU  =  ±10V 
Rs£20kfl 

80 

100 

60 

95 

70 

85 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±5VtO±20V 
Rs<20Kn 

10 

60 

30 

100 

100 

150 

/iV/V 

Large-Signal 
Voltage  Gain 

AVO 

RL>2kn 
Vo=±10V 

50 

100 

25 

60 

25 

60 

V/mV 

Output  Voltage  Swing 

Vo 

RL2  2kn 

±12 

±13 

±12 

±13 

±10 

±13 

V 

NOTES: 

1.  Sample  tested. 

2.  Power  dissipation  per  amplifier. 

3.  Guaranteed  by  input  bias  current. 

4.  Guaranteed  by  maximum  risetime. 

5.  Guaranteed  by  minimum  stew  rate. 
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OP-04/OP-14  DUAL  MATCHED  HIGH-PERFORMANCE  OPERATIONAL  AMPLIFIERS 


ELECTRICAL  CHARACTERISTICS  (Each  Amplifier)  at  VS  =  ±15V,  TA  =  25°  C,  unless  otherwise  noted. 


OP-04E/OP-14E 

OP-04C/OP-14C 

OP-04D/OP-14D 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

RS<20W) 

- 

0.3 

0.75 

- 

1 

2 

- 

3 

5 

mV 

Input  Offset  Current 

'os 

0.5 

5 

25 

nA 

IH^Ul  Dido  vUllvIll 

ln 
'B 

18 

50 

75 

100 

nA 

Differential-Mode 

RIN 

(Note  3) 

2.0 

7.5 

1.35 

7 

1 

5 

Mn 

Iftntit  t/nltflftA  Rftnna 

IVR 

±10 

±13 

- 

±10 

±13 

- 

±10 

±13 

- 

v 

Common-Mode 

Dot<w>tlnn  Qntin 
rivjUviiuti  riMiiv 

CMRR 

VCU=±10V 
Rg<  20kO 

85 

100 

80 

05 

_ 

70 

85 

_ 

dB 

Dnunr  Qttnnlv 

Rolectlon  Ratio 

PSRR 

Vc  =  +  5V  to  +  20V 
R8S20kn 

- 

10 

60 

- 

30 

100 

- 

100 

ISO 

(iWV 

Output  Voltage  Swing 

Vo 

RL2  2kn 

±12 

±13 

— 

±12 

±13 

— 

±12 

±13 

— 

V 

Large-Signal 

voiiogo  Willi 

Ayo 

RL>2kf> 
Vo  3  ±  tov 

100 

250 

- 

50 

200 

- 

25 

150 

- 

V/mV 

Power  Consumption 
(Note  2) 

Pd 

Vo  =  0V 

50 

90 

50 

90 

50 

90 

mW 

Input  Noise  Voltage 

enp-P 

0.1  Hz  to  10Hz 

— 

0.65 

— 

— 

0.65 

— 

— 

0.65 

— 

Input  NolSO  Voltage 
Density 

®n 

lo=10Hz 

fg  =  100HZ 

fc=  1000Hz 

- 

25 
22 
21 

- 

- 

25 
22 
21 

- 

- 

25 
22 
21 

- 

nV/VHz 

Input  Noise  Current 

J  

'np-p 

0.1Hz  to  10Hz 

- 

12.8 

- 

- 

12.8 

- 

- 

12.8 

- 

M«p.p 

Input  Noise  Current 
Density 

'n 

fo=10Hz 
f0  =  100Hz 

- 

1.4 
0.7 

- 

- 

1.4 
0.7 

- 

- 

1.4 
0.7 

- 

pA/VHz 

f0=  1000Hz 

0  4 

0.4 

0  4 

Channel  Separation 

cs 

100 

- 

100 

- 

80 

- 

dB 

Slew  Rate  (Note  1) 

SR 

RL=2kn.CL=100pF 

0.25 

0.5 

0.25 

0.5 

0.25 

0.5 

V/na 

Large-Signal 
Bandwidth  iNotes  1. 5) 

Vo  =  20Vp.p 

.  4 

8 

4 

8 

4 

8 

kHz 

Closed-Loop 
Bandwidth  (Note  4) 

BW 

AVCL=+1 

OB 

1.3 

0.8 

1.3 

0.8 

1.3 

MHz 

Rlsetime  (Note  1j 

I, 

Av=+1.  V|N  =  50mV 
RL=2kn.  CL=50pF 

260 

350 

260 

350 

260 

350 

ns 

Overshoot  (Note  1) 

OS 

Av=+1.V|N  =  50mV 
RL=2k(l.  CL  =  50pF 

5 

10 

5 

10 

5 

10 

NOTES: 

1.  Sample  tested. 

2.  Power  dissipation  per  amplifier. 

3.  Guaranteed  by  input  bias  current. 

4.  Guaranteed  by  maximum  rlsetime. 

5.  Guaranteed  by  minimum  slew  rate. 
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OP-04/OP-14  DUAL  MATCHED  HIGH-PERFORMANCE  OPERATIONAL  AMPLIFIERS 


ELECTRICAL  CHARACTERISTICS  (Each  Amplifier)  at  Vs  =  ±15V,  0°C  <  TA <  +70°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-04E/OP-14E 
MIN      TVP  MAX 

OP-04C/OP-14C 
MIN       TYP  MAX 

OP-04D/OP-14D 

MIN       TYP  MAX 

UNITS 

Input  Offset  Voltage 

v0s 

Rs<20kn 

0.4 

1.5 

1.2 

3 

3 

6 

mV 

Average  Input  Oftset 
Voltage  Drill  (Note  1) 

TCVos 

RB=  son 

_ 

2 

8 

_ 

4 

10 



8 

20 

(iV/°C 

Input  Offset  Current 

los 

- 

1 

10 

- 

2 

10 

- 

10 

50 

nA 

Average  Input  Offset 
Current  Drift  (Note  1) 

TCI0S 

- 

7.5 

120 

- 

15 

250 

- 

70 

500 

pA/°C 

Input  Bios  Current 

'b 

30 

60 

40 

100 

SO 

200 

nA 

input  wimi^u  noii^v 

IVR 

+  10 

±13 

±10 

±13 

±10 

±13 

\j 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM=±10V 
Rs<20k(l 

80 

100 

80 

95 

70 

85 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±5Vto±20V 
Rs<20kn 

10 

60 

30 

100 

100 

150 

/iV/V 

Large-Signal 
Voltage  Gain 

Avo 

RL£2kn 
Vo=±10V 

50 

100 

25 

60 

15 

25 

V/mV 

Output  Voltage  Swing 

Vo 

RL>2kn 

±12 

±13 

±12 

±13 

±10 

±13 

V 

NOTES: 

i.  Sample  tested. 

BURN-IN  CIRCUIT  (1/2  of  OP-04,  OP-14)  OFFSET  ADJUST  CIRCUIT 
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OP-04/OP-14  DUAL  MATCHED  HIGH-PERFORMANCE  OPERATIONAL  AMPLIFIERS 


DICE  CHARACTERISTICS 


OP-14 


OP-04 


DIE  SIZE  0.080  X  0.050  Inch,  4000  sq.  mils 
(2.03  X  1.27  mm,  2.58  sq.  mm) 

For  additional  DICE  ordering  Information, 
reler  to  1388  Data  Book,  Section  2. 


1.  INVERTING  INPUT  (A)  «.  BALANCE  (B) 

2.  N  ON  INVERTING  INPUT  (A)       9.  V+ 

5.  BALANCE  (A)  10.  OUTPUT  (B) 
4.  V-  11.  V+ 

J.  BALANCE  (B)  12.  OUTPUT  (A) 

6.  NONtNVERTINQ  INPUT  <B)  13.  V+ 

7.  INVERTING  INPUT  (B)  14.  BALANCE  (A) 
NOTE:  9, 11  and  13  are  Internally  connected. 


1.  INVERTING  INPUT  (A) 

2.  NONINVERTING  INPUT  (A) 

3.  BALANCE  (A) 

4.  V- 

5.  BALANCE  (B) 

S.  NONINVERTING  INPUT  (B) 
7.  INVERTING  INPUT  (B) 


8.  BALANCE  (B) 

9.  V+  (B) 

10.  OUTPUT  (B) 

11.  NO  CONNECTIONS 

12.  OUTPUT  (A) 

13.  V+  (A) 

14.  BALANCE  (A) 


WAFER  TEST  LIMITS  at  Vs  =  ± 

15V,  TA  =  25°C,  unless  otherwise  noted. 

OP-04N 

OP-04G 

OP-14N 

OP-14G 

OP-14GR 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Input  Otlset  Voltage 

Vos 

Rs£20kO 

0.75 

2 

6 

mV  MAX 

Input  Offset  Voltage 
Match 

RsS20kQ 

1 

2 

mV  MAX 

Input  Otlset  Current 

'os 

5 

5 

200 

nA  MAX 

Input  Bias  Current 

Id 

50 

75 

500 

nA  MAX 

Input  Voltage  Range 

IVR 

±10 

±10 

±10 

VMIN 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±10V 
Rs<20kf) 

85 

80 

70 

dB  MIN 

Common-Mode  Rejection 
Ratio  Match 

ACMRR 

vCM=±ioy 
rs<  toon 

34 

94 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±5Vto±20V 
R5S20kn 

60 

100 

150 

(iWVMAX 

Output  Voltage  Swing 

v0 

RL>  10kn 
RL2  2kfl 

±12 
±12 

±12 
±12 

±12 
±10 

VMIN 

Large-Signal 
Voltage  Gain 

Avo 

RL>2kn 
Vo  =  ±10V 

100 

SO 

25 

V/mV  MIN 

Power  Consumption 
(Both  Amplifiers) 

Pd 

vOUT=o 

170 

170 

180 

mW  MAX 

Channel  Separation 

CS 

too 

100 

dB  MIN 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  In  assembly  methods  and  normal  yield  loss,  yield  after  packaging  Is  not 

guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  = 

±15V,  TA  =  25°  C,  unless  otherwise  noted. 

OP-04N 

OP-04G 

OP-14N 

OP-14G 

OP-14GR 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

TYPICAL 

TYPICAL 

UNITS 

A»=  +1 

Risetime 

t, 

V,N  =  SOmV 
RL  =  2kn 

CL  =  50pF 

200 

200 

200 

ns 

Av=+1 

Overshoot 

OS 

V,N=50mV 
RL  =  2kfl 
CL  =  50pF 

S 

5 

5 

* 

Slew  Rate 

SR 

nL  =  2kn 

CL=  100pF 

0.25 

0.25 

V/,is 

p-i 


i 
o 

•—I 

ui 

O 
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OP-04/OP-14  DUAL  MATCHED  HIGH-PERFORMANCE  OPERATIONAL  AMPLIFIERS 


TYPICAL  PERFORMANCE  CHARACTERISTICS  (Each  Amplifier) 


£  TOO 

s 


OPEN-LOOP  GAIN 
vs  TEMPERATURE 


Vs-llW 


5i 


-30        ♦»        «0  •TO 
TEMPERATURE  PCI 


OPEN-LOOP 
FREQUENCY  RESPONSE 


Vj-ilSV 

TA- 

to    100    Ik    10k  took  1M 
FREQUENCY  (Hi] 


CLOSED-LOOP  RESPONSE 

FOR  VARIOUS 
GAIN  CONFIGURATIONS 


1 

Vs-tlSV 

ta-s 

fe  — 

tk  10k  tOOk 
FREQUENCY  Ob) 


MAXIMUM  UNDISTORTEO 
OUTPUT  vs  FREQUENCY 


ii  iiiiii 

Vc»*tSU 

- 

1 

to  too 

FREQUENCY  |Wb> 


OUTPUT VOLTAGE vs 
LOAD  RESISTANCE 


to 
« 

5- 

s 

i  . 


INPUT  RESISTANCE 
vs  TEMPERATURE 


LOAD  RESISTANCE  TO  GROUND  (kfl) 


•20  «0  ♦WO 
TEMPERATURE  TO 


POWER  CONSUMPTION 
vs  POWER  SUPPLY 


=  TA  ■  2S"C  = 

S  45 

S 


POWER  CONSUMPTION 
vs  TEMPERATURE 


1 

Vs*i15 

1 

V 

X 

OP- 
OP- 

4A 
4A 

.  0 

P-OO 

?u 

E 

! 

TOTAL  SUPPLY  VOLTAGE.  V*  TO  V-  (VOLTS) 


♦20  *60  «100 
TEMPERATURE  TCI 


OUTPUT  SHORT-CIRCUIT 
CURRENT  vs  TIME 


TIME  FROM  OUTPUT  BEING  SHORTED  (MINUTES) 
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OP-04/OP-14  DUAL  MATCHED  HIGH-PERFORMANCE  OPERATIONAL  AMPLIFIERS 


TYPICAL  PERFORMANCE  CHARACTERISTICS  (Each  Amplifier) 


UNTRIMMED  OFFSET  VOLTAGE 
vs TEMPERATURE 


INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


-co      -20      ♦»  *eo 

TEMPERATURE  (°CI 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


§30 
a 

3 


\ 

\ 

OP-04C 

OP  14  _ 

/  1 

OP -041: 
OP-14E 
1 

OP-04A/OP-14A 

-20        *20         *&>  *100 
TEMPERATURE  f  C| 


+20  +60  +100 
TEMPERATURE  TCI 


OPEN-LOOP  GAIN  vs 
POWER  SUPPLY  VOLTAGE 


2  too 


2S-C 

10k 

r 

PSRR  vs  FREQUENCY 


POWER  SUPPLY  fVOLTSI 


FREQUENCY  (Hi) 


FREQUENCY  (Ht> 


INPUT  SPOT  NOISE 
VOLTAGE  vs  FREQUENCY 


INPUT  SPOT  NOISE 
CURRENT  vs  FREQUENCY 


FREQUENCY  (Hi) 


INPUT  WIDEBAND  NOISE  vs 
BANDWIDTH  (0.1  Hz  TO 
FREQUENCY  INDICATED) 


BANDWIDTH  (kKll 
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M£>  OP-05 

INSTRUMENTATION 
OPERATIONAL  AMPLIFIER 


Precision  MonolithicS  Inc. 


FEATURES 

•  Low  Noise   0.6/iVp^,  Max,  0.1  to  10Hz 

•  Low  Drift  vs.  Temperature   0.5pV/°C  Max 

•  Low  Drift  vs.  Time    0.2/<V/Month  Typ 

•  Low  Bias  Current   2.0nA  Max 

•  High  CMRR    114dB  Min 

•  HighPSRR   100dB  Mln 

•  High  Gain   300,000  Min 

•  High  R|N  Differential    30M(lMin 

•  High  R[m  CM    200Gn  Typ 

•  Internally  Compensated    Stable  to  SOOpF  Load 

•  Fits  725, 108A  and  741  Sockets 

•  125°  C  Temperature  Tested  Dice 

ORDERING  INFORMATION! 


TA=2S'C 
V03MAX 
(ItlV) 

PACKAGE 

OPERATING 
TEMPERATURE 
RANGE 

HERMETIC 

TO-99  DIP 
8-PIN  8-PIN 

PLASTIC 
DIP 
8-PIN 

0.15 

OP05AJ* 

OP05A2' 

MIL 

0.5 

OP05J" 

OP05Z- 

MIL 

0.5 

OP05EJ 

OP05E2 

OPOSEP 

COM 

1.3 

OP05CJ 

OP05CZ 

OP05CP 

COM 

•For  devices  processed  In  total  compliance  to  MIL-STD-883,  add  /B83  alter 
part  number.  Consult  factory  for  SS3  data  sheet 

f  Bum-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1388 
Data  Book.  Section  2. 


applications  with  the  simplicity  of  use  of  a  fully-protected, 
internally-compensated  op  amp.  The  OP-05  has  low  input  offset 
voltage  and  bias  current  combined  with  very  high  levels  of  gain, 
input  impedance,  CMRR,  and  PSRR. 

The  OP-05  is  a  direct  replacement  in  725, 108A,  and  unnulled  741 
sockets  allowing  Instant  system  performance  improvement 
without  redesign.  The  OP-05  is  an  excellent  choice  for  a  wide 
variety  of  applications  including  strain  gaugeand  thermocouple 
bridges,  high-gain  active  filters,  buffers,  integrators,  and  sample- 
and-hold  amplifiers.  For  dual-matched  versions,  refer  to  the 
OP-207  and  OP-10  data  sheets. 


PIN  CONNECTIONS 


TO-99 
(J-SuHlx) 


EPOXY  MINI-DIP 
(P-Suffix) 
& 

8-PIN  HERMETIC  DIP 
(Z-Sufflx) 


GENERAL  DESCRIPTION 

The  OP-05  series  of  monolithic  instrumentation  operational 
amplifiers  combine  excellent  performance  in  low-signal-level 


SIMPLIFIED  SCHEMATIC 


T 


■4 


SUt  Q  ar. 
1h 


 Kp" 

Sim 
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OP-OS  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS  (Note  3) 


Supply  Voltage   ±22V 

Internal  Power  Dissipation  (Note  1)    500mW 

Differential  Input  Voltage  ±30V 

Input  Voltage  (Note  2)   ±22V 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range 

J  and  Z  Packages   -65°  C  to  + 150°  C 

P  Package    -65°Cto+125°C 

Operating  Temperature  Range 

OP-05A,  OP-05    -55°Cto+125°C 

OP-05E,  OP-05C   0°C  to  +70°C 

Lead  Temperature  Range  (Soldering,  60  sec)    300°  C 

DICE  Junction  Temperature   -65"  C  to  + 150°  C 


notes: 

1.  See  table  lor  maximum  ambient  temperature  rating  and  derating  factor. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

TO-99  (J) 

80°  C 

7.1mW/°C 

8-Pin  Hermetic  DIP  (Z) 

75°  C 

6.7mW/"C 

8-Pin  Plastic  DIP  (P) 

36°  C 

5.6m  W/"C 

2.  For  supply  voltages  less  than  ±22V.  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

3.  Absolute  maximum  ratings  apply  to  both  packaged  parts  and  DICE,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs = +15V,  TA  =  25°  C,  unless  otherwise  noted. 


OP-0SA 

OP-05 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

0.07 

0.15 

0.2 

0.5 

mV 

CaVfly"  WfCf*  Ifl^ul  wlltKJl 

Voltage  Stability 

AV03/Tlme 

(Notel) 



0.2 

1.0 



0.2 

1.0 

fiV/Mo 

inpin  uttboi  uirrani 

<os 

- 

0.7 

2.0 

— 

1.0 

nA 

Input  Bias  Current 

±0.7 

±2.0 

 ~ 

±1.0 

±3.0 

nA 

Input  Noise  Voltage  (Note  2) 

°np-p 

0.1Hz  to  10Hz 

 r 

0.35 

0.6 

0.35 

0.8 

MVp.p 

Input  No] so  Vblt&QO  Density 
(Note  2) 

«n 

fo  =  10Hz 
f0=  1MHz 

_ 

10.3 
10.0 

18.0 
13.0 



10.3 
10.0 

18.0 
13.0 

nV/,/HT 

to  =  1000Hz 

9.8 

11.0 

— 

9.6 

11.0 

Input  Noise  Currant 
(Note  2) 

'np-p 

0.1Hz  1010Hz 

14 

30 

14 

30 

PVp 

Input  Noise  Current  Density 
(Note  2) 

t 

■r» 

f<j=  10Hz 

032 
0.14 

0.80 
0.23 

0.32 
0.14 

0.80 
0.23 

pAA/Hz 

f0=  1000Hz 

0.12 

0.17 

0.12 

0.17 

Input  Resistance  — 
Differential -Modo 

BIN 

(Note  3) 

30 

80 

20 

60 

Mil 

Input  Resistance  — 
Common-Mode 

RINCM 

200 

200 

en 

Input  Voltage  Range 

IVR 

±13.5 

±14.0 

±13.5 

±14.0 

V 

Common-Mode  Rejection  Ratio 

CMRR 

Vcu  =  ±  13.5V 

114 

126 

114 

126 

dB 

Power  Supply  Rejection  Ratio 

PSRR 

Va=±3Vto±18V 

4 

10 

4 

10 

(iWV 

RL5  2kavo  =  ±10V 

300 

500 

200 

500 

Large-Signal  Voltage  Gain 

Ayo 

Rta50oav0=±o.sv 

Vs°±3V(Note3> 

150 

500 

150 

SOO 

V/mV 

RL£10kn 

±12.5 

±13.0 

±12.5 

±13.0 

Output  Voltage  Swing 

HL2  2kn 

±12.0 

±12.8 

±12.0 

±12.8 

V 

rl>  ikn 

±10.5 

±12.0 

±10.5 

±12.0 

Slew  Rate  (Note  2) 

SR 

RL>2kD 

0.1 

0.3 

0.1 

0.3 

V/flS 

Closed-Loop  Bandwidth 
(Note  2) 

BW 

AVCL=+1.0 

0.4 

0.6 

0.4 

0.6 

MHz 

Open-Loop  Output  Resistance 

R0 

Vo=0.lo  =  0 

60 

60 

n 

Power  Consumption 

Pd 

No  load 

VS  =  ±3V,  No  load 

90 
4 

120 
8 

90 
4 

120 
6 

mw 

Offset  Adjustment  Range 

RP  =  20kn 

4 

4 

mV 

NOTES: 

1.  Long-term  input  offset  voltage  stability  refers  to  the  averaged  trend  line 

operating  days  are  typically  2.5/jV.  Refer  to  typical  performance  curve. 

ol  Vos  vs.  Time  over  extended  periods  after  the  first  30  days  ol  operation. 

2.  Sample  tested. 

Excluding  the  initial  hour  of  operation,  changes  in  Vos during  the  first  3D 

3.  Guaranteed  by  design. 
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OP-05  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs=  ±15V.  -55°  C  <  TA<  +125°C.  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-05A 
MIN  TYP 

MAX 

OP-05 

MIN  TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

0.10 

0.24 

0.3 

0.7 

mV 

Average  Input  Offset  Voltage 
Drift  Without  External  Trim 
With  External  Trim 

TCVqs 

TCVn_, 

(Note  2) 

Rp  =  20kn  (Note  3) 

_ 

0.3 
0.2 

0.9 
0.5 



0.3 

2.0 
1.0 

(iWC 

Input  Offset  Current 

Ira 
■OS 

_ 

1.0 

4.0 



1.8 

5.6 

nA 

Average  Input  Offset  Current 
Drift 

TCI0S 

(Note  2) 

5 

25 

8 

50 

pATC 

Input  Bias  Current 

'b 

±1 

±4 

±2 

±6 

nA 

Average  Input  Bias  Current 
Drift 

TCIB 

S 

25 

13 

50 

pA/*C 

Input  Voltage  Range 

IVR 

±13.0 

±13.5 

±13.0 

±13.5 

V 

Common-Mode  Rejection  Ratio 

CMRR 

Vc„=±  13.0V 

110 

123 

110 

123 

dB 

Power  Supply  Rejection  Ratio 

PSRR 

Vs=±3VtO±18V 

5 

20 

5 

20 

<iWV 

Large-Signal  Voltage  Gain 

ATO 

RL6  2kn,  Vo=±10V 

200 

400 

150 

400 

V/mV 

Output  Voltage  Swing 

v0 

RL£2kn 

±12.0 

±12.6 

±12.0 

±12.6 

V 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25°C.  unless  otherwise  noted. 

rAHAMC  1  CM 

9TMBUL 

OP-05E 

MIN    TYP  MAX 

OP-05C 
MIN    TYP  MAX 

UNITS 

Input  Offset  Voltage 

VOS 

0.2 

0.5 

0.3 

1.3 

mV 

Long-Term  Input  Offset 
Voltage  Stability 

AVos/Time 

(Notes  1. 2) 

— 

0.3 

1.5 

— 

0.4 

2.0 

pV/Mo 

Input  Offset  Current 

los 

1.2 

3.8 

1.8 

6.0 

nA 

Input  Bias  Current 

•o 

±1.2 

±4,0 

±1.8 

±7.0 

nA 

Input  Noise  Voltage  (Note  2) 

enp-p 

0.1Hz  to  10Hz 

0.35 

0.6 

0.38 

0.65 

Input  Noise  Voltage  Density 
(Note  2) 

e„ 

fo=10Hz 
f0=  100Hz 
fo=1O00Hz 

10.3 
10.0 
9.6 

18.0 
13.0 
11.0 

10.5 
10.2 
9.8 

20.0 
13.5 
11.5 

nV/v/HT 

Input  Noise  Current  (Note  2) 

'np-P 

0.1Hz  to  10Hz 

14 

30 

15 

35 

PVp 

Input  Noise  Current  Density 
(Note  2) 

in 

fo=10H2 
fo=1O0Hz 
fc=  1000Hz 

0.32 
0.14 
0.12 

0.80 
0.23 
0.17 

0.35 
0.15 
0.13 

0.90 
0.27 
0.18 

paVhT 

Input  Resistance  — 
Dtfferential-Mode 

RIN 

(Note  3) 

15 

50 

8 

33 

Mn 

Input  Resistance  — 
Common-Mode 

R|NCM 

160 

120 

Qn 

Input  Voltage  Range 

IVR 

±13.5 

±14.0 

±13.0 

±14.0 

V 

Common-Mode  Rejection  Ratio 

CMRR 

VCH=±  13.5V 

110 

123 

100 

120 

dB 

Power  Supply  Rejection  Ratio 

PSRR 

Vs=±3Vto±18V 

5 

20 

7 

32 

(iV/V 

Largo-Slgnat  Voltage  Gain 

AVO 

RL>2kn,  Vo  =  ±10V 
RL>S00n.Vo=±0.5V 
Vs  =  ±3V(Note3) 

200 
ISO 

500 
500 

120 
100 

400 
400 

V/mV 

Output  Voltage  Swing 

Vo 

RL>  10k(l 
RL>2k(l 
RL>1kn 

±12.5 
+  12.0 
±10.6 

±13.0 
±12.8 
±12.0 

±12.0 
±11.5 

±13.0 
±12.8 
±12.0 

V 

Slew  Rate  (Note  2) 

SR 

RL=>2kll 

0.1 

0.3 

0.1 

0.3 

V/flS 

Closed-Loop  Bandwidth 
(Note  2) 

BW 

AVCL  =  +1.0 

OA 

0.6 

0.4 

0.6 

MHz 

Open-Loop  Output  Resistance 

Ro 

Vo  =  0.  lo=0 

60 

60 

11 

Power  Consumption 

Pd 

No  load 

VS  =  ±3V.  No  load 

90 
4 

120 
6 

95 
4 

150 
8 

mW 

Offset  Adjustment  Range 

Rp-20k(l 

4 

4 

mV 

NOTE:  See  notes  on  previous  page.  S-48  6/87,  R.6V.  A1 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  0°  C  <  TA  <  +70°  C.  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-OSE 

MIN  TYP 

MAX 

OP-05C 

MIN  TYP 

MAX 

UNITS 

Input  Offset  Voltage 

ii  

•OS 

  0.25 

0j6 

OJS 

1.6 

mV 

Average  Input  Offset  Voltage 
unit  wiinoui  external  mm 
With  External  Trim 

TCVos 
TCVosn 

\  now  £j 

Rp«20kn.(Note3) 

  QJ 

—  02 

20 

OjS 

— 

u 

0.4 

4.5 
1.5 

mW°C 

Input  Offset  Current 

■os 

—  1.4 

5.3 

— 

2.0 

8.0 

nA 

Average  Input  Offset  Current 
Drift 

TCI0S 

(Note  2) 

—  8 

35 

12 

50 

pA/°C 

Input  Bias  Current 

la 

—  ±1.5 

±5.5 

±2.2 

±9.0 

nA 

Average  Input  Bias  Current 
Drift 

TCI„ 

(Note  2) 

—  13 

35 

18 

SO 

pA/"C 

Input  Voltage  Range 

IVR 

±13.0  ±13.5 

±13.0 

±13.5 

V 

Common-Mode  Rejection  Ratio 

CMRR 

Vcu  =  ±13.0V 

107  123 

97 

120 

dB 

Power  Supply  Rejection  Ratio 

PSRR 

Vs  =  ±3Vto±18V 

—  7 

32 

10 

51 

jiWV 

Largo-Signal  Voltage  Gain 

Ayo 

RL22kn,V0  =  ±10V 

ISO  450 

100 

400 

V/mV 

Output  Voltage  Swing 

Vo 

RL22kn 

±12.0  ±12.6 

±11.0 

±12.8 

V 

NOTES: 

1.  Long-Term  Input  Offset  Voltage  Stability  refers  (o  the  averaged  trend  line 
of  Vos  vs.  Time  over  extended  periods  after  the  first  30  days  of  operation. 
Excluding  the  initial  hour  of  operation,  changes  In  Vosduring  the  first  30 
operating  days  are  typically  2.5pV.  Refer  to  typical  performance  curve. 

2.  Sample  tested. 

3.  Guaranteed  by  design. 
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WAFER  TEST  LIMITS  at  Vs  =  ±15V,  TA  =  25°C  for  OP-05N,  OP-05G  and  OP-05GR  devices;  TA=125°C  for  OP-05NT  and 
OP-05GT  devices,  unless  otherwise  noted. 


OP-05NT 

OP-05N 

OP-05GT 

OP-05G 

OP-05GR 

PARAMETER 

SYMBOL 

CONDITIONS  LIMIT 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Input  Offset  Voltage 

Vqs 

0.25 

0.15 

0.7 

0.5 

1.3 

mV  MAX 

Input  Offset  Current 

I  OS 

4.0 

2.0 

5.7 

3.8 

6.0 

nA  MAX 

Input  Bias  Current 

<B 

±4 

±2 

±6 

±4 

+  7 

nA  MAX 

Input  Resistance 
Differential  Mode 

(Nole2l  — 

20 

15 

8 

Mil  MIN 

Input  Voltage  Range 

IVR 

±13.0 

±13.5 

±13.0 

±13.5 

±13.0 

VMIN 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±13.5Vat+25°C 

110 

VCM  =  ±13.0at+125°C 

114 

110 

110 

100 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±3Vlo±18V  20 

10 

20 

20 

30 

pV/V  MAX 

RL=10kll  — 

±12.5 

±12.5 

±12.0 

Output  Voltage  Swing 

RL=2kll  ±12.0 

±12.0 

±12.0 

±12.0 

±11.5 

VMIN 

RL=  1kf) 

±10.5 

±10.5 

Large-Signal 
Voltage  Gain 

*vo 

L  200 
Vo=±10V 

200 

150 

200 

120 

V/mVMIN 

Differential  Input 
Voltage 

±30 

±30 

±30 

±30 

±30 

VMAX 

Power  Consumption 

VOUT=0V 

120 

120 

150 

mW  MAX 

NOTES: 

1.   For  25°C  characteristics  of  NT  &  GT  devices  see  N  &  G  characteristics         2.  Guaranteed  by  design, 
respectively. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  TA  =  +25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-05NT 
TYPICAL 

OP-05N 
TYPICAL 

OP-05GT 
TYPICAL 

OP-05G 
TYPICAL 

OP-05GR 

TYPICAL 

UNITS 

Average  Inpul 
Olfset  Voltage  Drift 

TCV0S 

Rs<50!) 

0.3 

0.3 

0.7 

0.7 

1.2 

jiVC 

Nulled  Input 
Ollset  Voltage  Drill 

TCV0S„ 

Rs<  5011.  Rp=  20M) 

0.2 

0.2 

0.3 

0.3 

0.4 

«V/"C 

Average  Input 
Offset  Current  Drilt 

TCI0S 

5 

5 

8 

8 

12 

PA/-C 

Slew  Rate 

SR 

RL>2k(] 

03 

0.3 

0.3 

0.3 

0.3 

V/»iS 

Closed-Loop 
Bandwidth 

BW 

AVCL  =  + 1 

0.6 

0.6 

0.6 

0.6 

0.6 

MHz 
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OP-05  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


TRIMMED  OFFSET  UNTRIMMED  OFFSET  TYPICAL  OFFSET 

VOLTAGE  vs  TEMPERATURE  VOLTAGE  vs  TEMPERATURE  VOLTAGE  STABILITY  vs  TIME 


  U.Ul    IB  — 

-60  0  50  100  ^0  o  go  100  1     2     3    4    5    6     7    8    9    10   1!  1! 

TEMPERATURE  CO  TEMPERATURE  r*CI  TIME  IMONTHSI 


OFFSET 
VOLTAGE  DRIFT  WITH  TIME 

1SEC  1MIN  tOMIN  10AY  1WK  1MO  6MO 

Mi        I  I 


Winn  mini  him  iiiiu 

POWER  SUPPLIES  TURKEO  ON  AT  I  ■  0  [• 
V0S  <100»V  AT  1-  1HR 


OFFSET  VOLTAGE  CHANGE 
DUE  TO  THERMAL  SHOCK 


!- 

§ 

I20 

o 


u  S 

UJ 

5 


1  1  1 

v 

■* 

15V 

vc 

-7< 

rc 

HB 

KQCK 

DE 

UIC 

E  IM 

ktFF 

SET 

1 

CN  7CTC  OIL  BATH 

20  <0 
TIME  (SEC) 


TRIMMED 
OFFSET  VOLTAGE  DRIFT 


TIME  (HOURS! 


0  12  OA  0.0  OS  1.0  17 
UNTRIMMEO  OFFSET  VOLTAGE  MATCH  AVM  ImV) 

(CURVES  ARE  SYMMETRICAL 
ABOUT  ZERO  FOR  AVq^  <  01 


MAXIMUM  ERROR 
vs  SOURCE  RESISTANCE 


OP-06A 

-WC  TO  125*C 
V»  -  ±1SV 

UNTRIMMED  -65*C  TO  125*C 

TRIMMED  -WC  TO  125"C 

1 

1 

MAXIMUM  ERROR 
vs  SOURCE  RESISTANCE 


MAXIMUM  ERROR 
vs  SOURCE  RESISTANCE 


MATCHED  OR  UNMATCHED  SOURCE  RESISTANCE  (fll 


Ik  10k  100k 

SOURCE  RESISTANCE  in) 


MATCHED  SOURCE  RESISTANCE  (] 
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523 


OP-05  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


MAXIMUM  ERROR 
vs  SOURCE  RESISTANCE 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


s 

P  OvT 

n 

GP-OS£ 

1 

INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


1  ) 


vs 

i!5\ 

pi  ( 

TEMPERATURE  fCl 


TEMPERATURE  (*C) 


OP-05  LOW  FREQUENCY  NOISE 
■Preferred  to  input  ■ 


(SEE  NOISE  TEST  CIRCU 


INPUT  WIDEBAND  NOISE 
vs  BANDWIDTH  (0.1Hz 
TO  FREQUENCY  INDICATED) 


VOLTAGE  NOISE  DENSITY 
vs  FREQUENCY 


:  "si  *  "si"  2w*[j 

JIHIRUaLNOISIOFSOUHM  j 
tiESISTORSINCLUDEO 

gXClUDED\  I 


OANOWDTM  -Hji 


FREQUENCY  (Hi) 


PSRR  vs  FREQUENCY 


CMRR  vs  FREQUENCY 


OPEN-LOOP  GAINvs 
POWER  SUPPLY  VOLTAGE 


1 

Ta  -  ♦25#C 

1 
1 

1 

1 

15  *10  *15  120 

POWER  SUPPLY  VOLTAGE  (VOLTS) 
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OP-OS  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


OPEN-LOOP  GAIN  CLOSED-LOOP  GAIN  MAXIMUM  OUTPUT  SWING 

vs  FREQUENCY  vs  FREQUENCY  vs  FREQUENCY 


TYPICAL  LOW-FREQUENCY  NOISE  TEST  CIRCUIT' 


♦  15V 


*  OBSERVATION  TIME  LIMITED  TO  10  SECONDS  MAXIMUM. 


S-S3 


6/87,  Rev.  A1 


OFFSET  NULLING  CIRCUIT 


BURN-IN  CIRCUIT 


APPLICATIONS  INFORMATION 

OP-05  series  devices  may  be  fitted  directly  to  725  and 
108/108A  Series  sockets  with  or  without  removal  of  external 
compensation  components.  Additionally,  the  OP-05  may  be 
fitted  to  unnulled  741  series  sockets.  However,  If  conventional 
741  nulling  circuitry  is  in  use,  it  should  be  modified  or 
removed  to  enable  proper  OP-05  operation.  The  OP-05 
provides  stable  operation  with  load  capacitance  of  up  to 
500pF  and  ±10V  swings;  larger  capacitances  should  be 
decoupled  with  a  50n  resistor. 


Offset  stability  can  be  degraded  by  stray  thermoelectric 
voltages  arising  from  dissimilar  metals  at  the  contacts  to  the 
input  terminals.  Best  operation  will  be  obtained  when  both 
input  contacts  are  maintained  at  the  same  temperature, 
preferably  close  to  the  temperature  of  the  device's  package. 

TYPICAL  APPLICATIONS 
STABLE,  HIGH-IMPEDANCE  BUFFER 


SR  -  025V/v»c 

 o 

.Vs 

o  

21N-200Otl 

■wonio'n 

lN  -  il.OnA 

<r                    OUTPUT  NOISE  -  OJStiV  ?-9  TYP 
OUTPUT  OFFSET  •  02mV  TYP 
BANDWIDTH  -  600k Hi 

HIGH  IMPEDANCE,  HIGH  COMMON-MODE  REJECTION 
INSTRUMENTATION  AMPLIFIER 


",MOn  Ian  m 


20M1 


ADJUST  R7  FOR  MAXIMUM  CMRR 


R6  (  2  Rl  ' 
*v  "  Hi  \  T5  *  1 
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IPMI)  OP-06 

HIGH -GAIN  INSTRUMENTATION 
OPERATIONAL  AMPLIFIER 


Precision  /VlonolithicS  Inc. 


FEATURES 

•  Vory  High  Voltage  Gain   1,000V/mV  Mln 

•  Low  Offset  Voltage  and  Offset  Current 

•  Low  Drift  vs.  Temperature 

(TCVos)   0.8*1  V/°C  Max 

•  Low  Input  Voltage  and  Current  Noise 

•  Low  Offset  Voltage  Drift  with  Time 

•  High  Common-Mode  Rejection   120dB  Typ 

•  High  Power  Supply  Rejection  2pV/V  Max 

•  Wide  Supply  Range    ±3.0Vto+22V 

•  MIL-STD-883  Processing  Available 

•  Slew  Rate  to  100V/ps 

ORDERING  INFORMATION^ 


PACKAGE 

TA  =  2S°C 

HERMETIC 

OPERATING 

V  03  MAX 

TO-89 

DIP 

TEMPERATURE 

(mV) 

8-PIN 

8-PIN 

RANGE 

0.2 

OP06EZ 

COM 

0.2 

OP06AJ- 

MIL 

0.5 

OP06FJ 

OP06FZ 

COM 

0.5 

OP06BJ* 

MIL 

1.3 

OP06GJ 

OP06GZ 

COM 

•  For  devices  processed  In  total  compliance  to  M I L-STD-883,  add  /863  after 
part  number.  Consult  factory  for  863  data  sheet. 

tBurn-fn  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book,  Section  2. 


GENERAL  DESCRIPTION 

The  OP-06  monolithic  instrumentation  operational  amplifier 
is  designed  for  accurate  high-gain  amplification  of  low  level 
signals.  High  common-mode  rejection  reduces  signal 
degradation  when  large  common-mode  voltages  are  present. 


Superior  DC  input  characteristics  include  very  low  offset 
voltage  and  current,  extremely  high  open-loop  gain,  low  1/f 
and  wideband  noise,  and  low  "popcorn"  noise.  Low  offset 
voltagedrift  is  improved  by  a  nulling  technique  that  optimizes 
TCVos  performance  when  V0s  is  nulled  to  zero.  Very  high 
common-mode  and  power  supply  rejection  enable  accurate 
performance  In  noisy  environments. 

Flexible  external  compensation  provides  wide-bandwidth 
and  high  slew  rate  operation  in  high  closed-loop  gain 
applications.  Excellent  long-term  stability,  and  compati- 
bility with  MIL-STD-883  processing,  make  the  OP-06  an 
excellent  choi  ce  for  high-reliability  applications.  For  example, 
processcontroland  aerospace  applications;  including  strain 
gauge  and  thermocouple  amplifiers,  low-noise  audio  ampli- 
fiers, and  instrumentation  amplifiers.  The  OP-06  is  a  direct 
replacement  for  all  725  types  providing  superior  DC  and 
noise  performance  plus  the  unique  feature  of  complete  Input 
differential  voltage  and  output  short-circuit  protection. 

PIN  CONNECTIONS 


VX"^*^-'  v»  •— 

V            Tl                   VosTRtM  LL 

I   r-^-T\      \                          —IN  fT 

-,N2(H~ij^>— v>60UT  .in(t 

♦IN  3^+^j***^S  COMP 

"J]  VOS  TRIM 
T|  V* 
"*"|  OUT 
T]  COMP 

4 

V-ICASEI 

8-PIN  HERMETIC  DIP 
TO-99  (J-Sufflx)  (Z-Suffix) 

2 


i 

o 

M 

3 


SIMPLIFIED  SCHEMATIC 
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OP-08  HIGH-GAIN  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS  (Note  3) 


Supply  Voltage   ±22V 

Internal  Power  Dissipation  (Note  1)    500mW 

Differential  Input  Voltage  ±30V 

Input  Voltage  (Note  2)   ±22V 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range   -65°C  to  +150°C 

Operating  Temperature  Range 

OP-06A.  OP-06B    -55"Cto+125°C 

OP-06E.  OP-06F,  OP-06G   ; . . . .  0"C  to  +70°C 

Lead  Temperature  Range  (Soldering,  60  sec)    300" C 

DICE  Junction  Temperature   -65"  C  to  +150°  C 


NOTES: 

1.  See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

T0-99  (J  I 

80"C 

7.1mW/°C 

8-Pin  Hermetic  DIP  (Zl 

75"  C 

6.7m  WC 

2.  For  supply  voltages  less  than  ±22V.  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

3.  Absolute  ratingsapply  to  both  DICE  and  packaged  parts,  unless  otherwise 
noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  TA=  25°C.  unless  otherwise  noted. 


OP-06A/E 

OP-06B/F 

OP-06G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Vottage 

vOS 

RsS20kniNote2) 

006 

0.2 

0.2 

0.5 

0.4 

1.3 

mV 

Input  Offset  Current 

los 

- 

0.3 

2.0 

- 

0.75 

5.0 

- 

2 

13 

nA 

Input  Bias  Current 

>B 

30 

70 

30 

SO 

40 

110 

nA 

Input  Noise  Voltage 
Density 

On 

fo  =  10Hz  (Note  11 
f0  =  100Hz  (Note  1 1 

9.0 
8.0 

15.0 
9.0 

9.0 
8.0 

150 
9.0 

9.0 
8.0 

15.0 
9.0 

nVA/HT 

l0  =  1000Hz  (Note  1 1 

7.0 

7.5 

7.0 

7.5 

7.0 

7.5 

Input  Noise  Current 
Density 

*n 

f0=  10Hz  (Note  11 
f0  =  100Hz  (Note  1 1 

0.S 
0.25 

1.2 
0.6 

0.5 
0.25 

1.2 
0.6 

0.6 
0.3 

1.4 
0.7 

PA/v/hT 

f0  =  1000Hz  (Note  1 1 

0.15 

0.25 

0.15 

0.25 

02 

0.3 

Input  Resistance 

R|N 

(Note  31 

0.6 

1.8 

0.7 

1.8 

0.5 

1.5 

MO 

Large-Signal 
Voltage  Gain 

*vo 

RLS2kO. 
Vo-±10V 

1,000 

3.000 

1.000 

3.000 

500 

3.000 

V/mV 

Output  Voltage 
Swing 

Vo 

RL>10kfl 
RL>2kn 
RL>1kfl 

±12.5 
±12.0 
±11.0 

±13.0 
±12.8 
±12.5 

±12.5 
±12.0 
±11.0 

±13.0 
±12.8 
±12.5 

±12.0 
±11.5 

±13.0 
±12.8 
±12.0 

V 

Input  Voltage  Range 

IVR 

±13.5 

±14.0 

±13.5 

±14.0 

±13.5 

±14.0 

V 

Common-Mode 
Retectlon  Ratio 

CMRR 

Vc„  =  113.5V 
RsS20kn 

114 

120 

114 

120 

110 

115 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±3Vto±18V 

Rss20kn 

0.5 

2.0 

1.0 

5.0 

2.0 

10 

)iWV 

Power  Consumption 

Pd 

90 

120 

90 

120 

110 

150 

mW 

Large-Signal 
Voltage  Gain 

Avo 

RL  3  500(1.  (Note  3) 

Vo=±0.5V 

VS  =  ±3V 

too 

600 

100 

600 

60 

600 

V/mV 

Power  Consumption 

Pd 

VS=±3V 

4 

6 

4 

6 

4 

8 

mW 

NOTES: 

1.  Sample  tested. 

2.  Thermoelectric  voltages  generated  by  dissimilar  metals  at  the  contacts  to 
the  input  terminals  can  degrade  drift  performance.  Both  sides  of  the 
contacts  should  be  kept  at  approximately  the  same  temperature.  All 
temperature  gradients  should  be  minimized. 

3.  Guaranteed  by  design. 
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OP-06  HIGH-GAIN  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  -55°C  <  TA  <  +125"C,  unless  otherwise  noted. 


OP-08A 

OP-08B 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

MIN 

TYP 

MAX 

UNIT8 

Input  Offset  Voltage 

(Without  external 

vos 

Rg  £  20kf)  (Note  2) 

-  0.08 

0.28 

— 

0.3 

0.7 

mV 

trim] 

Average  Input  Otlset 

Voltage  Drift  (With- 

TCV0S 

Rg  =  son  (Notes  1. 2) 

—  0.3 

0.8 

— 

0.7 

2.0 

*iV/*C 

out  external  trim) 

Average  Input  Offset 
Voltage  Drift  (With 

TCVosn 

Rs- 50(1  (Notes  2. 3) 
Rp  =  20kn 

—  0.2 

0.6 

0.28 

1.0 

liV/'C 

external  trimi 

Input  Offset  Current 

I  OS 

TAMAX 
TAMIN 

—  0.25 

-  0.8 

1.0 
4.0 

- 

0.8 
2.0 

4.0 
18.0 

nA 

Average  Input  Offset 
Current  Drift 

TCIos 

(NoteD 

-  3 

20 

8 

90 

pA/'C 

Input  Bias  Current 

'b 

TAMAX 
TAMIN 

—  22 

—  40 

60 
120 

25 
45 

70 
180 

nA 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±  13.5V 
Rs£20kn 

109  112 

109 

112 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

VS-±3V  to  ±  18V 
RsS20kn 

—  1 

5 

2 

8 

(iV/V 

Large-Signal 
Voltage  Gain 

A«0 

v0  =  ±wv;RLa2kn 

TAMAX 
TAMIN 

1.000  3,500 
700  2,000 

1,000 
700 

3,500 
1,800 

Output  Voltage 
Swing 

v0 

RL2  2kn 

±12.0  ±12.6 

±12.0 

±12.6 

V 

ELECTRICAL  CHARACTERISTICS  at  Vs= 

+15V,  0°C  £  TA<  70° C,  unless  otherwise  noted. 

OP-08E 

OP-08F 

OP-08Q 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TVP 

MAX 

MIN 

TYP 

MAX 

MIN 

TVP 

MAX 

UNITS 

Input  Offset  Voltage 

(Without  external 

Vos 

R3S20kfl(Note2) 

-  0.08 

0.28 

0.25 

0.6 

05 

1.8 

mV 

trim) 

Average  Input  Offset 

Voltage  Drift  (With- 

TCVos 

Rs°  S0f>  (Notes  1.2) 

—  0.3 

0.8 

0.7 

2.0 

1.4 

4.5 

«wc 

out  external  trim) 

Average  Input  Offset 
Voltage  Drift  (With 
external  trim) 

TCVoa, 

Rs«  SOn  (Notes  2, 3) 
Rp°20kn 

—  03 

0.8 

0.28 

1X1 

0.5 

1.5 

liWC 

Input  Offset  Current 

'OS 

TAMAX 
TAMIN 

—  03S 

—  OA 

1.0 
4.0 

0.6S 
2.0 

5.0 
18.0 

2.0 
3.0 

15 
25 

nA 

Average  Input  Offset 
Cunonl  Drift 

TCIqs 

(Notal) 

—  3 

20 

8 

80 

14 

150 

pAf»C 

Input  Bias  Current 

Is 

TA  MAX 
TAMIN 

—  22 

-  40 

80 
120 

30 
45 

80 
180 

35 
45 

110 
180 

nA 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±  13.5V 
RsS20kn 

109  112 

109 

112 

95 

110 

— 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs°±3Vto±18V 
Rs£20Ml 

-  1.0 

5.0 

1.8 

7.0 

3.0 

IS 

(iWV 

Large-Signal 
Voltage  Gain 

AVO 

Vo-±10V;RL£2kn 
TA  MAX 

1.000  3.500 

1,000 

3,500 

400 

3,200 

V/mV 

TAMIN 

800  2,000 

800 

1.800 

300 

1.700 

Output  Voltage 
Swing 

vb 

RLS2kn 

±12.0  ±12.6 

±12.0 

±12.6 

±11.0 

±12.8 

V 

I 

O 

I 

w 
a. 
O 


NOTES: 

1.  Sample  tested. 

2.  Thermoelectric  voltages  generated  by  dissimilar  metals  at  the  contacts  to 
the  Input  terminals  can  degrade  drift  performance.  Both  sides  of  the 


contacts  should  be  kept  at  approximately  the  same  temperature.  Ail 
temperature  gradients  should  be  minimized. 
3.  Guaranteed  by  Input  bias  current. 
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OP-06  HIGH-GAIN  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS 


1.  NULL 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  V- 

5.  COMPENSATION 

6.  OUTPUT 

7.  V+ 

8.  NULL 


DIE  SIZE  0.095  x  0.051  Inch,  4845  sq.  mils  For  additional  DICE  ordering  information,  refer 

(2.41  x  1.30  mm,  3.13  sq.  mm)  to  1888  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs  =  ±15V,  Ta  =  25°  C  for  OP-06N,  OP-06G  and  OP-06GR  devices;  TA  = 
OP-06GT  devices,  unless  otherwise  noted.  (Note  2) 

125°  C  for  OP-06NTand 

PARAMETER 

SYMBOL 

CONDITIONS 

OP-06NT 
LIMIT 

OP-08N 

LIMIT 

OP-06GT 
LIMIT 

OP-06G 
LIMIT 

OP-OSGR 
LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

Rs£20kn 

0.3 

0.2 

0.7 

0.5 

1.3 

mV  MAX 

Input  Offset  Current 

los 

1 

2 

4 

S 

13 

nA  MAX 

Input  Bias  Current 

Ib 

60 

70 

70 

80 

110 

nA  MAX 

Input  Resistance 
Differential  Mode 

HIN 

(Note  11 

0.8 

0.7 

0.5 

Mrt  MIN 

Input  Voltage  Range 

IVR 

±13.0 

±13.5 

±13.0 

±13.S 

±13.5 

VMIN 

Common-Mode 
Re)ection  Ratio 

CMRR 

VCH  =  ±13.5 
Rs<20kH 

108 

114 

10B 

114 

110 

dBMIN 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±3Vto±18V 
Rs<20kO 

6 

2 

8 

5 

10 

liV/VMAX 

Output  Voltage  Swing 

Vo 

RL>10kn 
RL>2ktl 

HLsikn 

±12.0 

±12.5 
±12.0 
±11.0 

±12.0 

±12.5 
±12.0 
±11.0 

±12.0 
±11.5 

VMIN 

Large-Signal 
Voltage  Gain 

Avo 

RL>2kO 
Vo=±10V 

1000 

1000 

800 

1000 

500 

V/mV  MIN 

Differential  Input 
Voltage 

±30 

±30 

±30 

±30 

±30 

VMAX 

Power  Consumption 

<VOUT  =  0V) 

Pd 

120 

120 

150 

mWMAX 

NOTE 

Electrical  tests  are  performed  at  wafer  probe  to  (he  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  VS  =+15V,  TA  =  +25°  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-06NT 
TYPICAL 

OP-06N 
TYPICAL 

OP-06GT 

TYPICAL 

OP-06G 
TYPICAL 

OP-06GR 
TYPICAL 

UNITS 

Average  Input  Oflset 
Voltage  Drift 

TCV0S 

Rs<50n 

0.3 

0.3 

0.7 

0.7 

1.4 

(■wc 

Nulled  Input  Offset 
Voltage  Drift 

TCV0S„ 

Rs<50kfl 
RP  =  20kn 

0.2 

0.2 

0.28 

0.28 

0.5 

<iV/*C 

Average  Input  Offset 
Current  Drift 

TCIqs 

3 

3 

8 

8 

14 

pA/"C 

NOTES: 

1.  Guaranteed  by  input  bias  current. 

2.  For  +25»C  specifications  of  OP-06NT  and  OP-06GT.  see  OP-06N  and 
OP-06G  respectively. 
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OP-06  HIQH-GAIN  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


SLEW  RATE  CLOSED-LOOP  FREQUENCY 

OPEN-LOOP  RESPONSE  FOR  USING  RECOMMENDED  RESPONSE  FOR  VALUES  OF 

VALUES  OF  COMPENSATION  COMPENSATION  NETWORKS  COMPENSATION 


FREQUENCY  (Hi)  CLOSEDLOOP  GAIN  IWV)  FREQUENCY  (Hi) 


FREQUENCY  COMPENSATION  g 
COMPENSATION  VALUES  E 


Avcl 

Ri 

Ci 

R2 

c2 

<n) 

<mF) 

<n) 

(MF) 

10000 

10k 

SOpF 

1000 

470 

0.001 

100 

47 

0.01 

10 

27 

0.05 

270 

0.0015 

1 

10 

0.05 

39 

0.02 

COMPENSATION  CIRCUIT  (J  or  Z  PACKAGE) 


OVt         OFFSET  VOLTAGE 
■  20M1*<  TRIM 

0  *| 

WOO 

>" 

USE  R3  (■  51(11  WITH 
CAPACITIVE  LOAD 

R3 

—J  AV  O 

o  i 

♦ 

e 

r 

•THE  COMPENSATION  NETWORK  (Ri.  CD  SHOULD  BE  RE* 
TURNED  TO  THE  V— TERMINAL.  IF  THE  NETWORK  IS  RE. 
TURNED  TO  GROUND,  SERIOUS  DEGRADATION  OF  POWER 
SUPPLY  REJECTION  PERFORMANCE  WITH  FREQUENCY 
WILL  OCCUR.  SEE  TYPICAL  CURVES  IPSRR  VI  FREQUENCY). 

=T=C' 

J  FREQUENCY 
>„  COMPENSATION 
% 

••THE  TRIMMING  POTENTIOMETER  SHOULD  BE  201.11  FOR 
OPTIMUM  NULLED  OFFSET  VOLTAGE  DRIFT.  SEE  TYPI- 
CAL CURVES  (TRIMMED  OFFSET  VOLTAGE  DRIFT  AS  A 
FUNCTION  OF  TRIMMING  POTENTIOMETER). 

\7  v"  O"  0NO- 

5-S9 


6/87,  Rev.  A1 


OP-06  HIGH-GAIN  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


TRIMMED  OFFSET  VOLTAGE 
DRIFT  AS  A  FUNCTION  OF 
TRIMMING  POTENTIOMETER 
(Rp)  SIZE  AND  Vos 


Rg  6»ll 

Hi,  i: 

"*T"* 

— - 

1  1  1 

OP  OG* 

op -a* 

f.i.fi 

i  —i 

OP  DCF 



1 

1  1 

| 

no 

OK  VO 

1 

OFFSET  CURRENT 
vs TEMPERATURE 


UNTRIMMED  OFFSET  VOLTAGE  VqS  1™V)  (CURVES 
ARE  SYMMETRICAL  ABOUT  ZERO  FOR  VQS  <  0) 


-»  -mi    a    a     ■    m    /i»    i do  izfi 

TEMPERATURE  (°C) 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


TEMPERATURE  (°CJ 


PSRR  vs  FREQUENCY  MAXIMUM  OUTPUT  VOLTAGE 

CMRR  vs  FREQUENCY  (OP-06B,  OP-06E)  vs  LOAD  RESISTANCE 


™  10  lOD  Ik  10k  10*  W  ,WM 

FREQUENCY  IHi]  FREQUENCY  (Ht)  L0AD  RESISTANCE  TO  GROUND  (HI 


1.  CI  -  OOOInF.  Rl  -  470H  FROM  PIN  S  TO  V- 

2.  CI  •  0  li-F.  Rl  ■  SI.  TO  V- 

3     CI  ■  0  OOlwF;  Rl  -  47011  FROM  PIN  S  TO  GND 

4.  CI  -  O.OS^F.  Rl  -  1011,  C2  ■  0.02uF. 
R2  ■  3911  TO  V- 

5.  CI  ■  O.OSdF.  Rl  •  1011,  C2  •  O.OZfjF, 
02  -  39:i  TO  GND 
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pmi> 


0P-C8  HIQH-QAIN  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


VOLTAGE  NOISE  DENSITY 
vs  FREQUENCY 


rnrff 

i 

s< 

f 

i  i 

1 

*n  — 

RS-  1 

u>n 

:  RS  ■  0 

m 

TA-2 

5"C  [ 

isv 

1 1 II 

V$-± 

1  1 

10  100 
FREQUENCY  (H.| 


INPUT  WIDEBAND  NOISE 
vs  BANDWIDTH 


NOISE  FIGURE  vs 
SOURCE  RESISTANCE 


8AN0WIDTH  (Htl 


SOURCE  RESISTANCE  (HI 


OPEN-LOOP  GAIN  VS 
TEMPERATURE 


Ivs-t16V  = 

OPEN-LOOP  GAIN  vs 
SUPPLY  VOLTAGE 


i 

z 

I 

i 
s 


MAXIMUM  OUTPUT  SWING 
vs  FREQUENCY 


TEMPERATURE  ("CI 


SUPPLY  VOLTAGE  (VOLTS) 


FREQUENCY  (H>> 


INPUT  BIAS  CURRENT  vs 
DIFFERENTIAL 
INPUT  VOLTAGE 


POWER  CONSUMPTION  vs 
SUPPLY  VOLTAGE 


OUTPUT  SHORT-CIRCUIT 
CURRENT 


 1 

TA 

1  1  

■  25°C   

-!1SV 

Vs 

V 

N  (PI 
0  ■  ♦ 

V  31  - 

SV 

-10m 

V 

! 

1 

VrM  (91 

J  2>  - 

♦  IDmV. 

V 

o  -  -isv 

1  1  1" 

DIFFERENTIAL  INPUT  VOLTAGE  (VOLTS) 


TOTAL  SUPPLY  VOLTAGE.  V*  TO  V-  (VOLTS) 


TIME  FROM  OUTPUT  BEING  SHORT EO  (MINUTES) 


S-61 


6/87,  Rev.  A1 


SOURCE  RESISTANCE.  R1  <HI 


These  graphs  depict  maximum  error 
referred  to  the  input  as  a  function  of 
source  resistance  (Rt).  Curves  W  are 
shown  with  Vos  trimmed  at  +25"C  and 
include  errors  due  to  Vos  and  l0s  over 
the  Indicated  temperature  range.  Curves 
Y  and  Z  plot  maximum  errors  with  Vos 
not  trimmed. 
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PMI) 


Precision  MonolithicS  Inc. 


OP-07 

ULTRA-LOW  OFFSET  VOLTAGE 
OPERATIONAL  AMPLIFIER 


FEATURES 

•  Low  V0s  25»jV  Max 

•  Low  V0s  Drift  0.6fiV/°CMax 

•  Ultra-Stable  vs  Time    l.OVV/Month  Max 

•  Low  Noise  0.6/iVp.p  Max 

•  Wide  Input  Voltage  Range    ±14V 

•  Wide  Supply  Voltage  Range    ±3Vto±18V 

•  Fits  725, 108A/308A,  741,  AD510  Sockets 

•  125°  C  Temperature-Tested  Dice 

ORDERING  INFORMATION!  

TA  =  25"C   PACKAGE   OPERATING 

iVojMAX    TEMPERATURE 

<pV)      -  TO-99      CERDIP  -  PLASTIC  LCC  RANGE 

25       OPOTAJ*    OP07A2-        —  —  MIL 

75       OP07EJ      OP07E2     OP07EP  —  COM 

75       OP07J*      OP07Z'  —  OP07RC/BB3  MIL 

150      OP07CJ     OP07CZ    OP07CP  —  COM 

150  —  —        OP07CSM  -  COM 

150      OP07DJ         —        OP07DP  —  COM 

•  For  devices  processed  In  total  compliance  to  MIL-STD-883.  add  /B83  alter 
part  number.  Consult  factory  for  883  data  sheet. 

t  Burn-in  Is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip.andTO-can  packages.  For  ordering  Information,  see  1988 
Data  Book.  Section  2. 
ttFor  availability  and  bunvin  information  on  80  and  PLCC  packages, 
contact  your  local  sales  office. 

GENERAL  DESCRIPTION 

The  OP-07  has  very  low  input  offset  voltage  (25|<V  max  for 
OP-07A)  which  is  obtained  by  trimming  at  the  wafer  stage. 
These  low  offset  voltages  generally  eliminate  any  need  for 
external  nulling.  The  OP-07  also  features  low  input  bias  cur- 
rent (±2nA  for  OP-07A)  and  high  open-loop  gain  (300V/m  V  for 
OP-07A).  The  low  offsets  and  high  open-loop  gain  make  the 
OP-07  particularly  useful  for  high-gain  instrumentation 
applications. 

The  wide  input  voltage  range  of  ±13V  minimum  combined 
with  high  CMRR  of  110dB  (OP-07A)  and  high  input  impedace 
provides  high  accuracy  in  the  noninverting  circuit  configura- 
tion. Excellent  linearity  and  gain  accuracy  can  be  maintained 
even  at  high  closed-loop  gains. 

SIMPLIFIED  SCHEMATIC 


Stability  of  offsets  and  gain  with  time  or  variations  in  temper- 
ture  is  excellent.  The  accuracy  and  stability  of  the  OP-07, 
even  at  high  gain,  combined  with  the  freedom  from  external 
nulling  have  made  the  OP-07  a  new  industry  standard  for 
instrumentation  and  military  applications. 

The  OP-07  is  available  in  five  standard  performance  grades. 
The  OP-07A  and  the  OP-07  are  specified  for  operation  over 
the  full  military  range  of  -55°  C  to  +125°  C;  the  OP-07  E,  C, 
and  D  are  specified  for  operation  over  the  0°C  to  +70°C 
range. 

The  OP-07  is  available  in  hermetically-sealed  TO-99  metal 
can  orceramic 8-pin  Mini-DIP,  and  in  epoxy  8-pin  Mini-DIP.  It 
is  a  direct  replacement  for  725, 108A,  and  OP-05  amplifiers; 
741-types  may  be  directly  replaced  by  removing  the  741 's 
nulling  potentiometer.  The  OP-207,  a  dual  OP-07,  is  available 
for  applications  requiring  close  matching  of  two  OP-07 
amplifiers.  For  improved  specifications,  see  the  OP-77. 

PIN  CONNECTIONS 


vos  trim  rr 

-IN^ 

«inH 


Vqj  TRIM 

±]oVT 
3  N  C. 


TO-99  (J-Suffix) 


LdLdliJIdH ' 


NC 

11 

E 

HC 

-IN 

3 

E 

Vt 

HC 

3 

E 

HC 

•  IN 

3 

E 

OUT 

NC 

3 

E 

NC 

TmisiFiriiira. 


EPOXY  MINI-DIP  (P-Suffix) 
8-PIN  HERMETIC  DIP 
(Z-Suffix) 
8-PIN  SO 
(S-Suffix) 


OP-07RC/883 

LCC 
(RC-Suffix) 


Oh 


i 

o 

I— t 
Oh 

o 


•NOTE: 

R2A  AND  R2B  ARE 
ELECTRONICALLY 
ADJUSTEOONCHIF 
AT  FACTORY  FOR 
MINIMUM  INPUT 
OFFSET  VOLTAGE. 


HON-  3  R3 

INVERTING 
INPUT 
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_jpj^j^OP-07  ULTRA-LOW  OFFSET  VOLTAGE  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 


Supply  Voltage  r  ±22V 

Internal  Power  Dissipation  (Note  1 )   SOOmW 

Differential  Input  Voltage  ±30V 

Input  Voltage  (Note  3)   ±22V 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range 

J,  RC  and  Z  Packages    -65°  C  to +150" C 

P  Package    -65°  C  to +125°  C 

Operating  Temperature  Range 

OP-07A,  OP-07,  OP-07RC    -55°  C  to  +125°  C 

OP-07E,  OP-07C,  OP-07D  0°C  to  +70°C 

Lead  Temperature  Range  (Soldering,  60  sec)    300° C 

DICE  Junction  Temperature  (T|)    -65" C  to +150" C 


NOTES: 

1.  See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 


PACKAGE  TYPE 

MAXIMUM  AMBIENT 
TEMPERATURE 
FOR  RATING 

DERATE  ABOVE 
MAXIMUM  AMBIENT 
TEMPERATURE 

TO-99(J> 

80'C 

7.1mW/»C 

B-Pin  Hermetic  DIP  (Z) 

Ti'C 

B.7mW/°C 

6-Pin  Plastic  DIP  IP) 

36'C 

5.6mW/"C 

LCC  (RCl 

72"C 

7.8mW/°C 

2.  Absolute  maximum  ratings  apply  to  both  packaged  parts  and  DICE,  unless 
otherwise  noted. 

3.  For  supply  voltages  less  than  ±22V,  theabsolute  maximum  Input  voltage  is 
equal  to  the  supply  voltage. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  +15V,  TA  =  25°  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-07A 
TYP 

MAX 

MIN 

OP-07 
TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

(Note  11 

10 

25 

30 

75 

*v 

Long-Term  Input  Offset 
Voltage  Stability 

AVos/Time 

(Note  21 

0.2 

1.0 

0.2 

1.0 

(iV/Mo 

Input  Offset  Current 

•os 

0.3 

2.0 

0.4 

2.8 

nA 

Input  Bias  Current 

«B 

±0.7 

±2.0 

±1.0 

±3.0 

nA 

Input  Noise  Voltage 

er,M> 

0.1Hz  to  10Hz  {Note  31 

0.35 

0.6 

0.35 

0.6 

Input  Noise  Voltage  Density 

<»n 

f0=  10Hz  {Note  31 
l0=  100Hz  (Note  3 1 
f0=  1000Hz  (Note  3) 

10.3 
10.0 
9.6 

18.0 
13.0 
11.0 

10.3 
10.0 
9.6 

18.0 
13.0 
11.0 

nVA/HT 

Input  Noise  Current 

'np-o 

0.1Hz  to  10Hz  (Note  31 

14 

30 

14 

30 

PAp-P 

Input  Noise  Current  Density 

In 

fo=10Hz(Note3) 
f0=  100Hz  (Note  31 
f0  =  1000Hz  (Note  3) 

0.32 
0.14 
0.12 

0.80 
0.23 
0.17 

0.32 
0.14 
0.12 

0.80 
0.23 
0.17 

pA/v/75" 

Input  Resistance  — 
Differential-Mode 

"in 

I  Note  4) 

30 

80 

20 

60 

Mn 

Input  Resistance  — 
Common-Mode 

R|NCM 

200 

200 

Gfl 

Input  Voltage  Range 

IVR 

±13 

±14 

±13 

±14 

V 

Common-Mode  Rejection  Ratio 

CMRR 

VCM=±13V 

110 

126 

110 

126 

dB 

Power  Supply  Rejection  Ratio 

PSRR 

Vs  =  ±3VtO±18V 

4 

10 

4 

■  10 

(iV/V 

RL>2kn.  Vo=±10V 

300 

500 

200 

500 

Large-Signal  Voltage  Gain 

AvO 

RL2500n.  Vo=±0.5V, 
Vs  =  ±3V(Note4) 

150 

400 

150 

400 

V/mV 

RL2  10k(l 

±12.5 

±13.0 

±12.5 

±13.0 

Output  Voltage  Swing 

v0 

RL2  2kf) 
RL>  Ikn 

±12.0 
±10.5 

±12.8 
±12.0 

±12.0 
±10.5 

±12.8 
±12.0 

V 

Slew  Rate 

SR 

RL22kn(Note3) 

0.1 

0.3 

0.1 

0.3 

V/fis 

Closed-Loop  Bandwidth 

BW 

Av(x  =  +  1  (Note  3) 

0.4 

0.6 

0.4 

0.6 

MHz 

Open-Loop  Output  Resistance 

"o 

Vo  =  0,lo  =  0 

60 

60 

n 

Power  Consumption 

Pd 

VS  =  ±15V,  No  Load 
VS  =  ±3V,  NoLoad 

75 
4 

120 
6 

75 
4 

120 
6 

mW 

Offset  Adjustment  Range 

RP  =  20kfl 

±4 

±4 

mV 

NOTES' 

1.  OP-07A  grade  V05  is  measured  approximately  one  minute  after  applica-  Excluding  the  initial  hour  of  operation,  changes  in  Vos  during  the  first  30 
tion  of  power.  For  all  other  grades  VQs  is  measured  approximately  0.5  operating  days  are  typically  2.5pV  —  refer  to  typical  performance  curves, 
seconds  after  application  of  power.                                                      Parameter  is  sample  tested. 

2.  Long-TermlnputOffsetVoltageStabllltyreferstotheaveragedtrendlineot  3.  Sample  tested. 

Vos  vs.  Time  over  extended  periods  after  the  first  30  days  ol  operation.  4.  Guaranteed  by  design. 
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OP-07  ULTRA-LOW  OFFSET  VOLTAGE  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  -55°C  <  TA<  +125°C.  unless  otherwise  noted. 


OP-07A 

OP-07 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

input  OHsct  Vottage 

Vos 

(Notel) 

25 

60 

60 

200 

„V 

Average  Input  Offset 

Voltage  Drift  With- 

out External  Trim 

TCV0S 

(Note  2) 

- 

0.2 

0.6 

- 

0.3 

1.3 

d  vc 

With  External  Trim 

Rpc20kn  (Note  3) 

0.2 

0.6 

0.3 

1.3 

liV/°C 

Input  Offset  Current 

'OS 

0.6 

4 

1.2 

5.6 

nA 

Average  Input  Offset  Current 
Drift 

TCI0S 

(Note  2) 

— 

S 

25 

— 

8 

50 

pATC 

Input  Bias  Current 

'b 

— 

+  1 

±4 

_ 

+2 

±6 

nA 

Average  Input  Bias  Current 
Drift 

TCiB 

(Note  2) 

g 

25 

13 

50 

pA/*C 

Input  Voltage  Range 

IVR 

±13 

±13.5 

±13 

±13.5 

V 

Common-Mode  Rejection  Ratio 

CMRR 

VCU  =  ±13V 

106 

123 

106 

123 

rJB 

Power  Supply  Rejection  Ratio 

PSRR 

Vs  =  +3Vto±16V 

5 

20 

5 

20 

(<V/V 

Large-Signal  Voltage  Gain 

AVO 

RL>2kn.Vo  =  ±10V 

200 

400 

150 

400 

V/mV 

Output  Voltage  Swing 

Vo 

RL2  2k(l 

±12 

±12.6 

±12 

±12.6 

V 

NOTES: 

1.  OP-07  A  grade  Vqs  is  measured  approximately  one  minute  after  applica- 
tion of  power.  For  ail  other  grades  Vos  is  measured  approximately  0.5 
seconds  after  application  of  power. 

2.  Sample  tested. 

3.  Guaranteed  by  design. 


TYPICAL  OFFSET  VOLTAGE  TEST  CIRCUIT  TYPICAL  LOW-FREQUENCY  NOISE  TEST  CIRCUIT 


li  FILTER) 


(SEE  SCOPE  PHOTO  IN  TYPICAL  PERFORMANCE  CURVESI 


PINOUTS  SHOWN  FOR  J,  P.  AND  Z  PACKAGES 


OPTIONAL  OFFSET  NULLING  CIRCUIT 


BURN-IN  CIRCUIT 


PINOUTS  SHOWN  FOR  J,  P.  AND  Z  PACKAGES 
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OP-07  ULTRA-LOW  OFFSET  VOLTAGE  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  TA  =  25°  C.  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-07E 
TVP 

MAX 

MIN 

OP-07C 
TYP 

MAX 

MIN 

OP-07D 
TVP 

MAX 

UNITS 

Input  Offset  Voltage 

vos 

(Note  11 

30 

75 

60 

150 

60 

ISO 

eV 

Long-Term  Vqs 
Stability 

Vos/Tlme 

(Note  2) 

_ 

0.3 

1.5 



0.4 

2.0 



0.5 

3.0 

(iV/Mo 

Input  Offset  Current 

'OS 

- 

0.5 

3.6 

- 

0.8 

6.0 

- 

0.6 

6.0 

OA 

Input  Bins  Current 

'b 

*4  Q 

+  ]  8 

+7  0 

Input  Noise  Voltage 

°«P-P 

0.1Hz  to  10hlz 
(Note  3| 

- 

0.35 

0.6 

- 

0.38 

0.65 

- 

0.3B 

0.65 

"Vo 

Input  Noise 
voltage  Density 

»n 

lo=10Hz 

f0  =  100Hz  (Note  31 
f  q  =  1000Hz 

- 

10.3 
10.0 
0.6 

18.0 
13.0 

- 

10.5 
10.2 

20.0 
13.5 
11.5 

- 

10.5 
10.3 
9.8 

20.0 
13.5 
11.5 

nV/-/HT 

Input  Noise  Current 

'np-p 

0.1Hz  to  10Hz 
(Note  3) 

14 

30 

15 

35 

IS 

35 

pAp.p 

Input  Noise 
Current  Density 

In 

fQ  =  10Hz 

l0=  100Hz  (Note  31 

t0  -  1000Hz 

- 

0.14 
0.12 

0.23 
0.17 

- 

0.15 
0.13 

0.27 
0.18 

- 

0.35 
0.15 
0.13 

0.90 
0.27 
0.18 

paa/hT 

Input  Resistance  — 
Differential-Mode 

HIN 

(NotB  4} 

15 

50 

- 

a 

33 

- 

7 

31 

- 

Mn 

Input  Resistance  — 
Common-Mode 

"iNCM 

160 

- 

120 

- 

120 

on 

Input  Voltage  Range 

IVR 

±13 

±14 

±13 

±14 

±13 

±14 

- 

V 

Common-Mode 
Rejection  Ratio 

VCM  =  ±13V 

123 

100 

120 

94 

110 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

VS  =  ±3V 
to±18V 

— 

5 

20 

7 

32 

7 

32 

(.V/V 

Large-Signal 
voltage  Gain 

AVO 

RL  2  2ka 
V0  =  ±10V 

HL>soon 

Vq=  ±0.5V 

Vs  =  +3V(Nole4> 

200 
150 

500 
400 

120 

400 

120 

400 

V/mV 

Output  Voltage 
Swing 

Vo 

Rl2  lOkfl 

RL>2kn 

RL21kn 

±12.5 
±12.0 
±10.5 

±13.0 
±12.6 
±12.0 

- 

±12.0 
±11.5 

±13.0 
±12.8 
±12.0 

- 

±11.5 

±13.0 
±12.8 
±12.0 

- 

V 

Slew  Rate 

SH 

RL>2kfl(Note3> 

0.1 

0.3 

- 

0.1 

0.3 

- 

0.1 

0.3 

- 

Closed-Loop 
Bandwidth 

BW 

AVCL  =  + 1 

1  Note  Si 

0.4 

0.6 

0.4 

0.6 

0.4 

0.6 

MHz 

Open-Loop  Output 
Resistance 

Ro 

v0=o,  io  =  0 

60 

60 

60 

n 

Power  Consumption 

Pd 

VS=±15V.  No  Load 
VS  =  ±3V.  NoLoad 

75 
4 

120 
6 

60 
4 

ISO 
6 

60 
4 

ISO 
8 

mw 

Offset  Adjustment 
Range 

Rp=20kn 

±4 

±4 

±4 

mv 

NOTES: 

1.  Input  Offset  Voltage  measurements  are  performed  by  automated  test 
equipment  approximately  0.S  seconds  after  application  of  power. 

2.  Long-Term  Input  Offset  Voltage  Stability  refers  to  the  averaged  trend  line 
of  Vqs  vs.  Time  over  extended  periods  after  the  first  30  days  of  operation. 
Excluding  the  initial  hour  of  operation,  changes  In  Vos  during  the  first  30 
operating  days  are  typically  2.5pV  -  refer  to  typical  performance  curves. 
Parameter  is  sample  tested. 

3.  Sample  tested. 

4.  Guaranteed  by  design. 

5.  Guaranteed  but  not  tested. 
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OP-07  ULTRA-LOW  OFFSET  VOLTAGE  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  0"C  <  TA <  +70" C,  unless  otherwise  noted. 


OP-07E 

OP-07C 

OP-07O 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX  ' 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  voltage 

vos 

(Note  tl 

45 

130 

85 

250 

.85 

250 

liV 

Average  Input  Offset 

Voltage  Drift  With- 

out External  Trim 

TCVos 

[Note  31 



0.3 

1.3 

_ 

0.5 

1.8 

_ 

0.7 

2.5 

<<v/*c 

With  External  Trim 

TCVOSn 

RP-20kn<Note3) 

- 

0.3 

1.3 

- 

0.4 

1.8 

- 

0.7 

2.5 

»V/"C 

Input  Offset  Current 

'os 

0.9 

5.3 

1.6 

8.0 

— 

1.8 

8.0 

nA 

Average  Input  Offset 
Current  Drift 

TCI0S 

(Note  2t 

d 

35 

12 

50 

12 

50 

pA/*C 

Input  Bias  Current 

'b 

±1.5 

±5.5 

±2.2 

±9.0 

±3.0 

±14 

nA 

Average  Input  Bias 
Current  Drift 

TCIB 

(Note  2 1 

13 

35 

- 

18 

50 

- 

18 

50 

pA/*C 

Input  Voltage  Range 

IVR 

■120 

±13.5 

- 

±13.0 

±13.5 

- 

±13.0 

±13.5 

- 

V 

Common-Mode 
Refection  Ratio 

CMRR 

VCM=±13V 

103 

123 

97 

120 

94 

106 

dB 

Power  Supply 
Re|ection  Ratio 

PSRR 

vs-±3vto±iav 

.  7 

32 

10 

51 

10 

51 

liWV 

Large-Signal 
Voltage  Gain 

Avo 

RL>2kII 
Vo«±10V 

160 

450 

100 

400 

100 

400 

V/mV 

Output  Voltage 
Swing 

v0 

RL2  2klt 

±12 

±12.6 

±11 

±12.6 

±11 

±12.6 

V 

NOTES: 

1.  Input  offset  voltage  measurements  are  performed  by  automated  < 
equipment  approximately  0.S  seconds  after  appEfcation  of  power. 

2.  Sample  tested. 

3.  Guaranteed  by  design. 


H-l 

Pl, 


1 

O 

pi 
WJ 

O 
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OP-07  ULTRA-LOW  OFFSET  VOLTAGE  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS  (125°  C  TESTED  DICE  AVAILABLE) 


DIE  SIZE  0.100  X  0.055  inch,  5500  sq.  mils 
(2.54  X  1.40  mm,  3.56  sq.  mm) 


1.  BALANCE 

2.  INVERTING  INPUT 

3.  NONIN VERTING  INPUT 

4.  V- 

6.  OUTPUT 

7.  V  + 

8.  BALANCE 


For  additional  DICE  ordering  information,  refer 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs=  ±15V,  TA  =  25°C  (or  OP  07N,  OP-07G  and  OP  07GR  devices;  TA=  125 °C  for  OP-07NT  and 
OP-07GT  devices,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-07NT 

LIMIT 

OP-07N 
LIMIT 

OP-07GT 
LIMIT 

OP-07G 
LIMIT 

OP-07GR 
LIMIT 

UNITS 

Input  Offset  Voltage 

v0s 

140 

40 

210 

80 

150 

„VMAX 

Input  Offset  Current 

'OS 

4.0 

2.0 

5.6 

2.B 

6.0 

nA  MAX 

Input  Bias  Current 

'o 

±4 

±2 

±6 

r3 

±7 

nA  MAX 

Input  Resistance 
Differential-Mode 

P|N 

{Note  2) 

20 

20 

8 

Mil  MIN 

Input  Voltage  Range 

IVR 

±13 

±13 

±13 

±13 

±13 

V  MIN 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±13V 

100 

110 

100 

110 

100 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

vs  =  ±3Vto±iav 

20 

10 

20 

10 

30 

MV/V  MAX 

Output  Voltage  Swing 

Vo 

RL  =  lOkll 
RL=2kll 
RL=  1kfl 

±12.0 

±12.5 
±12.0 
±10.5 

±12.0 

±12.0 
±11.5 
±10.5 

±12.0 
±11.5 

V  MIN 

Large-Signal 
Voltage  Gain 

Avo 

RL=2k(l 
Vo=±10V 

2O0 

200 

150 

120 

120 

V/mV  MIN 

Differential  Input 
Voltage 

±30 

±30 

±30 

±30 

±30 

VMAX 

Power  Consumption 

Pd 

VOUT=0V 

120 

120 

150 

mW  MAX 

NOTES: 

1.   For  25°C  characteristics  ol  OP-07NT  and  OP-07GT.  sec  OP-07N  and         2.  Guaranteed  by  design. 
OP-07G  characteristics,  respectively. 

Electrical  tests  are  performed  at  water  probe  to  the  limits  shown.  Due  to  variations  in  assembly  melhods  and  normal  yield  loss,  yield  after  packaging  is  nol 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs=  ±15V.  TA  =  +25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-07NT 

TYPICAL 

OP-07N 
TYPICAL 

OP-07GT 

TYPICAL 

OP-07G 
TYPICAL 

OP-07GR 

TYPICAL 

UNITS 

Averago  Input 
Offset  Voltage  Drilt 

TCV0S 

Rs=50!l 

0.2 

0.2 

0.3 

0.3 

0.7 

Nulled  Input 
Oflset  Voltage  Drilt 

TCV0S„ 

Rs=  5011,  Rp=  20kfl 

0.2 

0.2 

0.3 

0.3 

0.7 

uvrc 

Average  Input 
Offset  Current  Drill 

TCI0S 

5 

5 

8 

8 

12 

pA/°C 

Slew  Rate 

SR 

RL>2kfl 

0.3 

03 

0.3 

0.3 

03 

V/Ws 

Closed-Loop 
Bandwidth 
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OP-07  ULTRA-LOW  OFFSET  VOLTAGE  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


s  6oo 
3 


£  400 
w 

h 

200 


OPEN-LOOP  GAIN  vs 
TEMPERATURE 


OFFSET  VOLTAGE  CHANGE  DUE 
_       TO  THERMAL  SHOCK 

3  30 
O 

? 

«- 

Ul 

w  20 

O 

5» 


1 1 

Vs-i 

15V 

-r 

5-C 

-7! 

o*c 

HOCK 

OE 

VIC 

:  III 

SEC 

_ 

tN  70*C  OIL  BATH 

TEMPERATURE  (*CI 


20        40  I 
TIME  {SEC) 


WARM-UP  DRIFT 


TIME  AFTER  POWER  SUPPLY  TURN-ON  [MINUTES] 


1 


MAXIMUM  ERROR  vs 
SOURCE  RESISTANCE 


TA  -  25  C 
Vs  •  »15V 

OP-07C  / 

OP47E  / 

Of 

MAXIMUM  ERROR  vs 
SOURCE  RESISTANCE 


-6S*C<T<; 
Vs-ilBV 

«5*C 

OP-07 

OP-07A 

100  1k  10k  100k 

MATCHED  OH  UNMATCHED  SOURCE  RESISTANCE  (III 


100  Ik  10k  100k 

MATCKEO  OR  UNMATCHED  SOURCE  RESISTANCE  Ml) 


MAXIMUM  ERROR  vs 
SOURCE  RESISTANCE 


orc<  r<  7tr 

Vs  -  '15V 

OP-07  C 

OP-07E 

10Ok  Q 

MATCHED  DR  UNMATCHED  SOURCE  RESISTANCE  li!) 


INPUT  BIAS  CURRENT  vs  INPUT  BIAS  CURRENT  vs  INPUT  OFFSET  CURRENT  vs 

DIFFERENTIAL  INPUT  VOLTAGE  TEMPERATURE  TEMPERATURE 
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 pj^j\OP-07  ULTRA-LOW  OFFSET  VOLTAGE  OPERATIONAL  AMPLIFIER 

TYPICAL  PERFORMANCE  CHARACTERISTICS 


OP-07  LOW  FREQUENCY  NOISE 


WW  QECPDDEn  Tn  IMDI  IT 

m 

m 

■ 

■ 

J^mV         AT  OUIPUT^JJI 

■■■■HHH 

■■■ 

■ 

m 

m 

■ 

■■■ 

m 

1 

mmm 

TOTAL  INPUT  NOISE  VOLTAGE 
vs  FREQUENCY 

wo 


INPUT  WIDEBAND  NOISE  vs 
BANDWIDTH  (0.1Hz  TO 
FREQUENCY  INDICATED) 


VS  -  ■  i&v 


V. 


m 


CMRR  vs  FREQUENCY 


PSRR  vs  FREQUENCY 


m       in  it 


OPEN-LOOP  GAIN  vs 
POWER  SUPPLY  VOLTAGE 


1 

,  c 

1 

o      .5      .io      us  m 

Ptmtn  suwli  VQLTaat  fvoi_rsi 


CLOSED-LOOP  RESPONSE 
OPEN-LOOP  FOR  VARIOUS  MAXIMUM  OUTPUT  SWING 

FREQUENCY  RESPONSE  GAIN  CONFIGURATIONS  VS  FREQUENCY 


8/87,  Rev.  A1 


 |p|^jj^OP-07  ULTRA-LOW  OFF8ET  VOLTAGE  OPERATIONAL  AMPLIFIER 

TYPICAL  PERFORMANCE  CHARACTERISTICS 


MAXIMUM  OUTPUT  VOLTAGE  POWER  CONSUMPTION  OUTPUT  SHORT-CIRCUIT 

vs  LOAD  RESISTANCE  va  POWER  SUPPLY  CURRENT  vs  TIME 


LOAD  RESISTANCE  TO  GROUND  (n>  TOTAL  SUPPLY  VOLTAGE.  V*  TO  V-  (VOLTS)  TIME  FROM  OUTPUT  BEING  SHORTED  (MINUTES) 


TYPICAL  APPLICATIONS 


HIGH  SPEED,  LOW  Vqs,  COMPOSITE  AMPLIFIER 


Em  Ri 
o  Wv- 


P1NOUTS  SHOWN  FOR  J.  P.  AND  Z  PACKAGES 


Eo 

— o 


ADJUSTMENT-FREE  PRECISION  SUMMING  AMPLIFIER 


I0M1 

-vw- 


I0U1 

-vw- 


PINOUTS  SHOWN  FOR  J.  P.  AND  Z  PACKAGES 


s-n 
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OP-07  ULTRA-LOW  OFFSET  VOLTAGE  OPERATIONAL  AMPLIFIER 


TYPICAL  APPLICATIONS 


HIGH-STABILITY  THERMOCOUPLE  AMPLIFIER 


SENSING 
JUNCTION 


REFERENCE 
JUNCTION 


PINOUTS  SHOWN  FOR  J.  P.  AND  Z  PACKAGES 


PRECISION  ABSOLUTE-VALUE  CIRCUIT 


ElN  IOUI 

O  Wv- 

ilOV 


R3 
1M 

-vw- 


tOMl 
-Wv- 


-VA- 


'  F0333 
■  02 


PINOUTS  SHOWN  FOR  J.  P.  AND  Z  PACKAGES 


APPLICATIONS  INFORMATION 

OP-07  series  units  may  be  substituted  directly  into  725, 
108A/308A*  and  OP-05  sockets  with  or  without  removal  of 
external  compensation  or  nulling  components.  Additionally, 
the  OP-07  may  be  used  in  unnuiied  741-type  sockets.  How- 
ever, if  conventional  741  nulling  circuitry  is  in  use,  it  should 
be  modified  or  removed  to  enable  proper  OP-07  operation. 
OP-07  offset  voltage  may  be  nulled  to  zero  through 
use  of  a  potentiometer  (see  offset  nulling  circuit  diagram). 


The  OP-07  provides  stable  operation  with  load  capacitance 
of  up  to  SOOpF  and  ±  10V  swings;  larger  capacitances  should 
be  decoupled  with  a  50fl  decoupling  resistor. 

Stray  thermoelectric  voltages  generated  by  dissimilar  metals 
at  the  contacts  to  the  input  terminals  can  degrade  drift  per- 
formance. Therefore,  best  operation  will  be  obtained  when 
both  input  contacts  are  maintained  at  the  same  temperature, 
preferably  close  to  the  package  temperature. 


•TO-99  Package  only 
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i  Alonolithics  Inc. 


OP-08 

PRECISION  LOW-INPUT-CURRENT 
OPERATIONAL  AMPLIFIER 


FEATURES 

•  Low  Offset  Voltage  150pVMax 

•  Low  Offset  Voltage  Drift  2.5*iV/°C  Max 

•  FWe  Times  PM108A  Output  Current  ......  5mA  MIn 

•  Low  Offset  Current      200pA  Max 

•  Low  Bias  Current  2nA  Max 

•  Low  Power  Consumption  18m  W  Max  @  ±15V 

•  High  Common-Mode  Input  Range    ±13.5V  MIn 

•  MIL-STD-883  Class  B  Processing  Available 

•  SIUcon-Nltrlde  Passivation 

•  125"  C  Temperature-Tested  Dice 

ORDERING  INFORMATION  t 


PACKAGE 

TA=25°C 

HERMETIC 

PLASTIC 

OPERATING 

V0SMAX 

TO-99 

DIP 

DIP 

TEMPERATURE 

(mV) 

8-PIN 

S-PIN 

8-PIN 

RANGE 

0.15 

OP08AJ- 

OP08AZ' 

MIL 

0.15 

OP08EJ 

OP08EZ 

OP08EP 

COM 

1.0 

OP08CZ/S83 

MIL 

1.0 

OP08G2 

COM 

*  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  alter 
part  number.  Consult  factory  for  883  data  sheet. 

tBurn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book,  Section  2. 


SIMPLIFIED  SCHEMATIC 


GENERAL  DESCRIPTION 

The  PMI  OP-08  is  an  improved  version  of  the  popular  LM108A 
low-power  op  amp.  Excellent  performance  is  achieved  by 
applying  PMI's  ion-implanted  super-beta  process  and  on- 
chip-zener-zap  trimming.  The  OP-08  hasa  three-times  lower 
offset  voltage  and  a  two-times  lower  offset  voltage  drift. 
Worst-case  input  offset  voltage  over  -55°  C  to  + 125°  C  for  the 
OP-08  is  only  350/uV.  In  addition,  the  OP-08  has  five  times  the 
output  current  capability  of  the  108 A.  For  an  op  amp  with 
identical  specifications  plus  internal  frequency  compensa- 
tion, see  the  OP-12  data  sheet. 

PIN  CONNECTIONS 


COMP  [T 

T]comp 

RQ 

INO 

-IN  [T 

T|  V* 

UJ 

•  IN  [T 

T]  OUT 

M 

v-E 

T]  N.c. 

PLI 

EPOXY  MINI-DIP 
(P-Sufflx) 


8-PIN  HERMETIC  DIP 
(Z-Suffix) 


o 

»— I 

to. 
O 


CMP  □  1         CMP  p  8 


(J) 


© 
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OP-OS  PRECISION  LOW-INPUT-CURRENT  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS  (Note  4) 


Supply  Voltage 

OP-08A,  OP-08E  (All  DICE  except  GR)  ±20V 

OP-08C,  OP-08G  (GR  DICE  Only)    ±18V 

Internal  Power  Dissipation  (Note  1)    SOOmW 

Differential  Input  Current  (Note  2)    ±10mA 

Input  Voltage  (Note  3)   ±15V 

Output  Short-Clrcuit  Duration   Indefinite 

Operating  Temperature  Range 

OP-08A.  OP-08C    -55oCt0+125°C 

OP-08E,  OP-08G   0°  C  to  +70°  C 

Storage  Temperature  Range  ( J.  Z)           -65°  C  to  + 150°  C 

Storage  Temperature  Range  (P)    -65<,Cto+125°C 

Lead  Temperature  Range  (Soldering,  60  sec)    300° C 

DICE  Junction  Temperature  (Tj)    -65°Cto+150"C 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

TO-99  (J) 

80°  C 

7.1mW/°C 

8-Pln  Plastic  DIP  (P) 

36*0 

5.6mV»/"C 

8-Pin  Hermetic  DIP  (Z) 

75' C 

6.7mW/°C 

NOTES: 

1.  See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 

2.  The  inputs  are  shunted  with  back-to-back  diodes  for  overvoltage  protec- 
tion. Therefore,  excessive  current  will  flow  if  a  differential  input  voltage  In 
excess  of  IV  is  applied  between  the  Inputs  without  some  limiting  resistance. 

3.  For  supply  voltages  less  than  ±  15V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

4.  Absolute  ratings  apply  to  both  DICE  and  packaged  parts,  unless  otherwise 
noted. 


ELECTRICAL  CHARACTERISTICS  at  TA = +25°  C,  Vs = ±20V  for  A  and  E  Grades,  Vs = ±  15V  for  C  and  G  Grades,  unless 
otherwise  noted.  Compensation  capacitor  =  30pF. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-08A/E 

MIN      TYP  MAX 

OP-08C/G 

MIN      TYP  1 

IAX 

UNITS 

Input  Offset  Voltage 

Vos 

0.07 

0.15 

0.25 

1.0 

mV 

Input  Offset  Current 

'os 

0.05 

0.20 

0.08 

0.50 

nA 

Input  Bias  Current 

'b 

- 

0.60 

2.0 

- 

1.0 

5.0 

nA 

Input  Noise  Voltage 

°np-P 

0.1  HZ  10  lUrlZ 

0.9 

0.0 

Input  Noise 
Voltage  Density 

«n 

1o=10Hz 
1q  =  100Hz 
f0=  1000Hz 

_ 
- 

22 
21 
20 

_ 
- 

_ 
- 

22 
21 
20 

- 
- 

nV/V  Hz 

Input  Noise  Current 

Wp 

0.1  Hz  to  10Hz 

3 

3 

pAp.p 

Input  Noise 
Current  Density 

■n 

fo=10Hz 
(q  =  100Hz 
to  =  1000Hz 

0.15 
0.14 
0.13 

0.15 
0.14 
0.13 

- 

pAA/Hz" 

Input  Resistance  — 
Differential  Mode 

"in 

(Note  1 ) 

26 

70 

10 

50 

Mn 

Input  Voltage  Range 

IVR 

VS  =  ±15V 

±13.5 

±14.0 

±13.5 

±14.0 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM=±  13.5V 

104 

120 

84 

116 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±5Vto±15V 

1 

7 

2 

63 

pV/V 

Large-Signal 
voltage  Gain 

Avo 

RL>iokn, 

Vo=±10V 
RL>2kO. 
Vo=±10V. 
VS=±1SV 

60 
50 

300 
150 

40 

250 
100 

V/mV 

Output  Voltage  Swing 

Vo 

RL>  iokn, 

VS=±15V 
RL>2kn. 
VS=±15V 

±13 
±10 

±14 
±12 

±13 
±10 

±14 
±12 

V 

Slew  Rate 

SR 

RL>2kn 

0.12 

0.12 

V/jlS 

Closed-Loop 
Bandwidth 

BW 

AWCL  =  +1 

0.8 

0.8 

MHz 

Open-Loop  Output 
Resistance 

Bo 

Vo  =  0.lo=0 

200 

200 

n 

Power  Consumption 

Pd 

VS=±15V 
VS-±5V 

9 
3 

19 
6 

12 
4 

24 
6 

mW 

NOTE: 

1.  Guaranteed  by  input  bias  current. 
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OP-08  PRECISION  LOW-INPUT-CURRENT  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V  for  C  Grade  and  Vs  =  ±  20V  for  A  Grade,  -55°  C  <  TA  <  + 125°  C,  unless 
otherwise  noted. 


OP-08A 

OP-08C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  voltage 

Vos 



0.12 

0.35 

— 

0.40 

2.0 

mV 

Average  Input 

Offset  Voltage 

TCV08 

0.50 

2.5 

1.5 

10 

(.WC 

Drift 

Input  Olfset  Current 

■os 

0.12 

0.40 

0.18 

1.0 

nA 

Average  Input 

Offset  Current 

TCI08 

- 

0.50 

2.5 

1.0 

5.0 

pA/*C 

Drift 

Input  Bias  Current 

'b 

1.2 

3.0 

1.8 

10 

nA 

Input  Voltage  Range 

IVR 

VS=±15V 

±13.5 

±14.0 

±13.5 

±14.0 

V 

Common-Mode 
Re|ection  Ratio 

CMRR 

Vcu"*  13.5V 

100 

110 

- 

80 

106 

4B 

Power  Supply 
Rejection  Ratio 

PSRR 

V8  =  ±SVIO±15V 

4 

10 

- 

5 

100 

(iV/V 

Large-Signal 
voltage  Gain 

Av0 

RL>Skn, 
Vo  =  ±10V 
V8  =  ±15V 

40 

120 

15 

60 

V/mV 

Output  Voltage  Swing 

v0 

RL>iokn. 

V8=±15V 
RL>5kn. 

VS  =  ±15V 

±13 
±10 

±14 
±12 

±13 
±10 

±14 
±12 

V 

Power  Consumption 

Pd 

VS  =  ±15V 

9 

18 

15 

24 

mW 

COMPENSATION  CIRCUITS 


2 


i 

O 
ui 

Oh 

o 


ALTERNATE 
R2 




STANDARD 
R2 

 AV  


Co  ■  30pF 


OFFSET  VOLTAGE  TEST  CIRCUIT  BURN-IN  CIRCUIT 


6 

-20V 
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OP-08  PRECISION  LOW-INPUT-CURRENT  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V  for  G  Grade  and  Vs  =  ±20V  for  E  Grade,  0°C  <  TA  <  +70°C,  unless 
otherwise  noted. 


OP-08E 

OP-08G 

PARAMETER 

SYMBOL 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

IIMlTfi 

Input  VJIIoQl  VOIE8QB 

0.26 

0.32 

1.4 

mV 

Offset  voltage 

TCVos 

(Note  I ) 

- 

0.50 

2.5 

1.5 

10 

pV/*C 

Drift 

Input  Offset  Current 

'OS 

- 

0.08 

0.30 

-  ~~ 

0.12 

6.5 

nA 

Average  Input 

Oflset  Current 

TCIoS 

(Notel) 

0.50 

2.5 

- 

2.0 

50 

pA/°C 

Drift 

Input  Bias  Current 

'b 

1.0 

2.6 

1.4 

6.5 

nA 

Input  Voltage  Range 

IVR 

V8  =  ±15V 

±13.5 

±14.0 

±13.5 

±14.0 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±13-5V 

100 

116 

60 

112 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±5Vto±15V 

— 

2 

10 

— 

3 

100 

pV/V 

RL>2kn, 

Large-Signal 
Voltage  Gain 

Vo=±10V 
RL210kn. 
Vo=±10V 
VS  =  ±15V 

25 
60 

100 
200 

25 

60 
150 

V/mV 

RL210M1, 

±13 

±14 

±13 

±14 

Output  Voltage 

Vo 

V8  =  ±15V 

V 

Swing 

RL>2kn, 
VS  =  ±15V 

±10 

±12 

±10 

±12 

Power  Consumption 

VS=±15V 

8 

18 

15 

24 

mW 

NOTE: 

1.  Sample  tested. 


LOW-FREQUENCY  NOISE  TEST  CIRCUIT  (0.1  to  10Hz) 


tCMl 


"s 

iMn 
«s 
-vW- 


-16V 


NOTES: 

1.  SI  (A  AND  B)  CLOSED  MEASURES*^  (Vq|  I. 

2.  SI  (A  AND  Bl  Of  EN  MEASURES  t„  AND  l„  IV^I.  I„  IS 
COMPUTED  FROM  THE  TWO  MEASUREMENTS. 

3     COMPENSATION  COMPONENTS  NOT  SHOWN  BUT 

THEY  ARE  CONNECTED. 
4.    SEE  NOISE  PHOTO  OF  •„  IN  TYPICAL  PERFORMANCE 

CURVES  SECTION, 
fi.    Av  *  10,000  WITH  RESISTORS  AS  SHOWN. 


/IV^/SAyl2  -  IV01/SAVI2  -  ZHkTafRsIX"2 


5-76 


8/87,  Rev.  B 


PMI) 


OP-08  PRECISION  LOW-INPUT-CURRENT  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS  (125°  C  TESTED  DICE  AVAILABLE) 


DIE  SIZE  0.0S9  X  0.043  Inch,  2537  sq  mils 
(1.50  X  1.09  mm,  1.64  sq.  mm) 


1.  COMPENSATION 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT  V 

4.  V-  ", 

6.  OUTPUT 

7.  V+ 

8.  COMPENSATION 

For  additional  DICE  ordering  Information,  refer 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs  =  ±20V  and  TA  =  25° C  for  OP-08N  and  OP-08G  devices;  Vs  =  +20V  and  TA  = 
and  OP-08GT  devices;  Vs  =  ±  15V  and  TA  =  25°  C  for  OP-08GR  devices,  unless  otherwise  noted. 

125°CforOP-08NT 

PARAMETER 

SYMBOL 

CONDITIONS 

OP-08NT 

LIMIT 

OP-08N 

LIMIT 

OP-08GT 

LIMIT 

OP-08G 

LIMIT 

OP-08GR 

LIMIT 

UNITS 

Input  Offset  Voltage 

v0s 

0.35 

0.15 

0.6 

0.3 

1.0 

mV  MAX 

Inpul  Offset  Current 

'OS 

04 

0.2 

0.4 

0.2 

0.5 

nA  MAX 

Input  Bias  Current 

>B 

3 

2 

4 

2 

5 

nA  MAX 

Input  Voltage  Range 

IVR 

VS  =  ±15V 

±13.5 

±13^5 

±13.5 

±13.5 

±13.5 

VMIN 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM=±13V 
VS  =  ±1SV 

100 

104 

100 

104 

84 

dBMIN 

Power  Supply 
Rejection  Ratio 

PSRR 

VS  =  ±5V  to  ±  15V 

10 

7 

10 

7 

63 

liV/V  MAX 

Output  Voltage 
Swing 

VS=±15V 
RLS  lOkll 
RL  >  2k(l 
RL>5kll 

±13 
±10 

±13 
±10 

±13 
±10 

±13 
±10 

±13 
±10 

VMIN 

Large-Signal 
Voltage  Gain 
<Vo  =  ±i0Vi 

Avo 

RL>  lOkll 

RL>2llli.Vs=±15V 

RL>5kfl.Vs=±15V 

40 

80 
50 

40 

80 
50 

40 

V/mV  MIN 

Inpul  Resistance 

RtN 

(Note  2 1 

25 

25 

10 

M11MIN 

Supply  Current 

lOUT  =  0.  VS=±15V 
Vout  =  0 

0.6 

0.6 

0.6 

0.6 

0.8 

mA  MAX 

NOTES: 

T.  For  25° C  characteristics  of  NT  &  GT  devices,  see  N  &  G  characteristics, 
respectively. 

Electrical  tests  are  performed  at  waler  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


2.  Guaranteed  by  input  bias  current. 


►— « 


i 

o 

I— I 

H 


Qh 

O 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs=  ±15V,  unless  otherwise  noted. 


PARAMETER 

SYMBOL  CONDITIONS 

OP-08NT 
TYPICAL 

OP-08N 

TYPICAL 

OP-08GT 
TYPICAL 

OP-08G 

TYPICAL 

OP-08GR 
TYPICAL 

UNITS 

Average  Input  Offset 
Voltage  Drift 

TCV0S 

0.5 

0.5 

1.0 

1.0 

1.5 

,iV/»C 

Average  Input  Offset 
Current  Drift 

TCI06 

0.5 

0.5 

0.5 

o.s 

1.0 

pA/*C 

5-77 


8/87,  Rev.  B 


PMI) 


OP-OB  PRECISION  LOW-INPUT-CURRENT  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


LOW  FREQUENCY  NOISE 


Rs  -  0.  BW  ■  0  IHi  TO  lOHi 
SmV/DIV  AT  REAOOUT 
05ijV/OIV  REFERRED  TO  INPUT 


SMALL-SIGNAL 
TRANSIENT  RESPONSE 


LARGE-SIGNAL 
TRANSIENT  RESPONSE 


TRANSIENT  RESPONSE  TEST  CIRCUIT 


OPEN-LOOP  GAIN  AND  PHASE 
vs  FREQUENCY 


OPEN-LOOP  GAIN 
vs  SUPPLY  VOLTAGE 


INPUT  BIAS  CURRENT 
AND  INPUT  OFFSET  CURRENT 
vs TEMPERATURE 


FHEOU£«»  ih, 


1UWIV  VOVTiOE  [VOLTS 
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OP-OB  PRECISION  LOW-INPUT-CURRENT  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


SUPPLY  CURRENT 
V3  SUPPLY  VOLTAGE 


SUPPLY  CURRENT 
V8  TEMPERATURE 


POWER  SUPPLY 
REJECTION  RATIO  (PSRR) 
vs  FREQUENCY 


s 

=  so 
o 

i- 

s 


-PSRRC 

;-  tOOpF 

-  115V . 
-2S*C 
■1  - 

 *v 

PSRRCs- 

lOOpF 

«PSRR< 

110  119 
SUPPLY  VOLTAGE  (VOLTS) 


-56  -35  -15    6     25    45     60     55    105  125 
TEMPERATURE  (*CI 


10k  100k 
FREQUENCY  (Hll 


APPLICATIONS  INFORMATION 

The  OP-08  series  has  very  low  input  offset  and  bias  currents; 
the  user  is  cautioned  that  printed  circuit  board  leakage 
currents  can  produce  significant  errors,  especially  at  high 
board  temperatures.  Careful  attention  to  board  layout  and 
cleaning  procedure  is  needed  to  take  full  advantage  of  the 
OP-08  performance.  Board  leakage  is  minimized  by  encircling 
the  input  pins  with  a  guard  ring  maintained  at  the  same 
potential  as  the  inputs.  This  guard  ring  should  be  driven  by  a 
low  impedance  source,  such  as  an  amplifier's  output 
or  ground. 


TYPICAL  APPLICATION 


BILATERAL  CURRENT  SOURCE 


r 


Rs«»3 


2Mn 


ER.      tF  R1-R3  AND  R2-R4»R6  THEN 
3  — —     |.  IS  INDEPENDENT  OF  VARIATIONS 
"^S  MR, 


MJ 


i 

O 

ui 
O 
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OP-09/OP-11 

QUAD  MATCHED 
741-TYPE  OPERATIONAL  AMPLIFIERS 


Precision  JVUmolithics  Inc. 


FEATURES 

•  Guaranteed  V0s   500VV  Max 

•  Guaranteed  Matched  CMRR  94dBMIn 

•  Guaranteed  Matched  V0s   750f»V  Max 

•  RC/RM4136  Direct  Replacement  (OP-09) 

•  LM148/LM348  Direct  Replacement  (OP-11) 

•  Low  Noise 

•  Slllcon-Nltrlde  Passivation 

•  Internal  Frequency  Compensation 

•  Low  Crossover  Distortion 

•  Continuous  Short-Circuit  Protection 

•  Low  Input  Bias  Current 


ORDERING  INFORMATION! 


PACKAGE 

JA  =  iS°C 

HERMETIC 

EPOXY 

OPERATING 

V0SMAX 

DIP 

DIP 

TEMPERATURE 

<mV) 

14-PIN 

14-PIN 

LCC 

RANGE 

0.5 

OP-09AV 
OP-11AV 

OP11ARC/883 

MIL 

0.5 

OP-09EY 
OP-11  EY 

OP-11  EP 

COM 

2.5 

OP-11  BY" 

MIL 

2.5 

OP-09FY 

OP-09FP 

COM 

OP-11  FY 

OP-11  FP 

5.0 

OP-11  CY/883 

MIL 

5.0 

0P-116P 

COM 

*  For  devices  processed  in  total  compliance  to  MIL-STO-B83,  add  /883  after 
part  number.  Consult  factory  for  883  data  sheet. 

tBum-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book.  Section  2. 


PIN  CONNECTIONS 


OP-09 

-IN  (Al  (T  — 
♦IN  IAI  | 
OUT  IAI  fT  - 

OUT  IB)  fT  — .  Qi]  \ 

♦  IN  IBI  [T  "lJ*  jr —  To]  OUT  (CI 
-IN  IBI  fT   1  TJ  »IN  ICI 

v-  (T  I —  TJ  -in  (o 


OP-11 


OUT  (Al  fT  i_ 
-,N(A,fT-1AAJ- 

•IN  [Al  fT   I  I  

V*  (T 

♦IN  (8)  fT   1  |  

-IN  IBI  fT  &5 

OUT  IBI  (T  — J  L_ 


JTJ  OUT  (01 
■IN  ID) 
TT)  ♦IN  ID) 
TT)  v- 
J?J  ♦EN  ICI 
-IN  ICI 
OUT  ICI 


14-PIN  HERMETIC  DIP  (Y-Sulflx) 
EPOXY  DIP  (P-Suffix) 

?  S      S  5 


/lijlijUislfcjjv 

♦INIAI  TJ  fji  .[NIDI 

N.C.  TJ  fjf  N.C. 

TJ  Q»  V- 

N.C.  TJ  fj> 

♦IN(B)  TJ  Q7 

V|T|Fo1PTlRhll7 
2  3  6  o  G 


N.C. 
♦IN(C) 


OP-11ARC/883 
LCC 
(RC-Suffix) 


f  3 


SIMPLIFIED  SCHEMATIC  (One  of  Four  Amplifiers  Is  Shown) 


I-)  INi 
!♦)  INC- 


1 

X 


3 
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OP-09/OP-11  QUAD  MATCHED  741-TYPE  OPERATIONAL  AMPLIFIERS 


GENERAL  DESCRIPTION 

The  OP-09  and  OP-11  provide  four  matched  741-type  opera- 
tional amplifiers  in  a  single  14-pin  DIP  package.  The  OP-1 1  is 
pin  compatible  with  the  LM148,  LM348,  RM4156,  and  HA4741 
amplifiers.  The  OP-09  is  pin  compatible  with  the  RM4136  and 
RC4136.  The  amplifiers  are  matched  for  common-mode 
rejection  ratio  and  offset  voltage  which  is  very  important  in 
designing  instrumentation  amplifiers.  In  addition,  the  ampli- 
fier is  designed  to  have  equal  positive-going  and  negative- 
going  slew  rates.  This  is  an  important  consideration  for  good 
audio  system  performance. 

Each  of  the  four  amplifiers  has  the  proven  OP-02  advantages 
of  low  noise,  low  drift,  and  excellent  long-term  stability.  Pre- 
cision Monolithics'  exclusive  Silicon-Nitride  "Triple  Passiva- 
tion" process  reduces  "popcorn  noise",  provides  high  relia- 
bility, and  assures  long-term  stability  of  parameters. 

The  OP-09  and  OP-11  are  ideal  for  use  in  designs  requiring 
minimum  space  and  cost  while  maintaining  OP-02-type 
performance. 

OP-09's  and  OP-1 1  's  with  processing  per  the  requirements  of 
MIL-STD-883  are  available.  For  dual-741-type  versions,  see 
the  OP-04/14  data  sheet. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage   ±22V 

OP-09GR  and  OP-11  GR  (Only)   +  18V 

Internal  Power  Dissipation  (Note  1 ) 

RC,  Y-Package    800mW 

P-Package    500mW 


Differential  Input  Voltage   +30V 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration  Continuous 

(One  Amplifier  Only) 

Storage  Temperature  Range 

RC,  Y-Package    -BSoCto+ISOoC 

P-Package    -65°Cto  +  125°C 

Lead  Temperature  Range  (Soldering,  60  sec)    300°  C 

DICE  Junction  Temperature  (Tj)    -6SoCto+1S0°C 

Operating  Temperature  Range 

OP-09A,  OP-09B    -55°Cto+125°C 

OP-09E,  OP-09F  0°Cto+70°C 

OP-11A,  OP-11B, 

OP-11C,  OP-11ARC    -550Cto+125°C 

OP-11E,  OP-11F,  OP-11G   0°C  to  +70°C 

NOTES: 

1.  See  table  for  maximum  ambient  temperature  and  derating  factor. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

14-Pin  Hermetic  DIP  (V) 

70"  C 

10.0mW/"C 

14-Pin  Plastic  DIP  (P) 

42»C 

6mW/"C 

LCC  [RC) 

70»C 

7.8mWrC 

2.  Absolute  maximum  ratings  apply  to  both  DICEand  packaged  parts,  unless 
otherwise  noted. 


MATCHING  CHARACTERISTICS  at  Vs  =  ±15V,  TA=  +25° C,  Rs<  1000,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-09A,  OP-09E 
OP-11A,  OP-11E 

MIN      TYP  MAX 

OP-09B,  OP-09F 
OP-11B,  OP-11  F 

MIN     TYP  MAX 

UNITS 

Input  Offset  Voltage  Match 

avos 

0.S  0.7S 

0.8  2.0 

mV 

Common-Mode  Rejection 
Ratio  Match 

ACMRR 

VCM  =  ±12V 
VCH"±12V 

S4 

1  20 

120  — 

04 

1  20 
120  — 

jiV/V 
dB 

2 

►— t 
Um 


i 

O 

l— i 


MATCHING  CHARACTERISTICS  at  Vs  =  ±15V,  -55°  C  <  TA<  +  125°C  for  OP-09A.  OP-09B,  OP-11  A  and  OP-11  B, 

0°C  <  TA<  +70° C  for  OP-09E,  OP-09F,  OP-1 1E  and  OP-11F,  Rs<  100n,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-09A,  OP-09E 
OP-11A,  OP-11  E 
MIN     TYP  MAX 

OP-09B,  OP-09F 
OP-11B,  OP-11  F 

MIN     TYP  MAX 

UNITS 

Input  Offset  Voltage  Match 

4Vos 

0.6  1.0 

1.0  2.S 

mV 

Common-Mode  Rejection 
Ratio  Match 

ACMRR 

Vcm  =  ±12V 
Vctl  =  ±12V 

94 

3.2  20 
110  — 

94 

3.2  20 
110  — 

jiWV 
dB 

S-S1 
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OP-09/OP-11  QUAD  MATCHED  741-TYPE  OPERATIONAL  AMPLIFIERS 


ELECTRICAL  CHARACTERISTICS  (Each  Amplifier)  at  Vs  =  ±15V  TA  =  25°C,  unless  otherwise  noted. 


OP-09A/E 

OP-09B/F 

OP-11A/E 

OP-11B/F 

OP-11C/G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  • 

MX 

MIN 

TYP  MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

Rs£  tOkft 

0.3 

0.5 

0.6 

2.5 

1.2 

5.0 

mV 

Input  Offset  Current 

I  OS 

5.5 

20 

25 

50 

75 

200 

nA 

Input  Bias  Current 

*B 

160 

300 

300 

500 

300 

500 

nA 

Input  Resistance 
Differential  Mode 

"in 

(Note  3) 

0.17 

0.29 

- 

0.1 

0.17 

— 

0.1 

0.17 

Mil 

Input  Voltage  Range 

IVR 

±12 

±13 

- 

±12 

±13 

±12 

±13 

— 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM°±12V.Rs<t0kn 

100 

120 

100 

120 

70 

100 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±Sto±1SV, 

- 

4 

32 

- 

4 

32 

- 

10 

100 

dV/V 

Output  Voltage  Swing 

v0 

RL>2kO 

±11 

±13 

- 

±11 

±13 

±11 

±13 

- 

V 

Large-Signal  Voltage 
Gain 

AyO 

RL£2kn,  Vo=±10V 

100 

650 

100 

650 

- 

50 

500 

- 

V/mV 

Power  Consumption 
(NoteD 

Pd 

V0=OV 

105 

160 

123 

180 

210 

340 

mW 

Input  Noise  Voltage 

®np-P 

0.1Hz  to  10Hz 

- 

0.7 

- 

0.7 

- 

0.7 

- 

Input  Noise  Voltage 
Density 

e„ 

f0=  10Hz 
f0=  100Hz 
to  -  1000Hz 

18 
14 
12 

- 

18 
14 
12 

— 
- 

- 

18 
14 
12 

— 

nV/v/T&T 

Input  Noise  Current 

'np-o 

0.1HZ  to  10Hz 

- 

17 

- 

- 

17 

— 

17 

— 

pAp.p 

Input  Noise  Current 
Density 

in 

fo=10Hz 
f0=  100Hz 
fo  =  1000Hz 

- 

z 

1.8 
1.5 
1.2 

- 

- 

z 

1.8 
1.5 
1.2 

- 

z 

1.8 
1.5 
1.2 

- 

pA/vT5" 

Channel  Separation 

CS 

100 

130 

100 

130 

130 

dB 

Slew  Rate  (Note  2) 

SR 

0.7 

1.0 

0.7 

1.0 

0.7 

1.0 

V/iiS 

Large-Signal 
Bandwidth  (Note  2) 

Vo  =  20Vp.p 

11 

16 

11 

16 

11 

16 

kHz 

Closed-Loop 
Bandwidth  (Note  4) 

BW 

A'VCL  =  +1.0 

2.4 

3.0 

2.4 

3.0 

2.4 

3.0 

MHz 

Risetime(Note2) 

tr 

Av  =  +1.  V|N  =  50rnV 

110 

145 

110 

145 

110 

145 

ns 

Overshoot  (Note  2) 

OS 

15 

25 

IS 

25 

15 

25 

% 

NOTES: 

1.  Total  dissipation  for  ail  four  amplifiers  in  package. 

2.  Sample  tested. 

3.  Guaranteed  by  Input  bias  current. 

4.  Guaranteed  by  rlsetime. 
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OP-09/OP-11  QUAD  MATCHED  741-TYPE  OPERATIONAL  AMPLIFIERS 


ELECTRICAL  CHARACTERISTICS  (Each  Amplifier)  at  Vs  =  ±15V,  -55°C  <  TA  <  +  125° C,  unless  otherwise  noted. 


OP-09A 

OP-09B 

OP-11A 

OP-11B 

OP-11C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

Rs£  10kfl 

0.4 

1.0 

1.0 

3.5 

1.5 

6.0 

mV 

Average  Input  Offset 
Voltage  Drift  (Note  3) 

TCV0S 

RsS10kn 

- 

2.0 

10 

- 

4.0 

15 

— 

4.0 

— 

dWC 

Input  Offset  Current 

"os 

20 

40 

40 

80 

250 

300 

nA 

Average  Input  Oflset 
Current  Drill  (Note  3) 

TCIos 

0.1 

0.3 

0.3 

0.6 

0.3 

0.6 

nA/"C 

Input  Bias  Current 

Ib 

200 

375 

400 

650 

— 

400 

600 

nA 

Input  Voltage  Range 

IVR 

±12 

±13 

- 

±12 

±13 

- 

±12 

±13 

- 

V 

Common-Mode 
Re|ectlon  Ratio 

CMRR 

Vcuat^V.  Rs  S<0kn 

100 

120 

- 

100 

120 

- 

70 

100 

- 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±Sro±1SV, 
RsS10kfl 

4 

32 

4 

32 

10 

too 

mV/V 

Large-Signal 
Voltage  Gain 

Avo 

RL>2kD,  Vo=±10V 

SO 

250 

50 

250 

25 

100 

V/mV 

Output  Voltage  Swing 

Vo 

RL2  2M1 

±11 

+13 

±11 

±13 

±11 

±13 

V 

Power  Consumption 
(Note  1| 

Pd 

V„=0V 

115 

200 

115 

200 

250 

400 

mW 

ELECTRICAL  CHARACTERISTICS  (Each  Amplifier)  at  Vs  =  ±  1SV.  0°  C  <  TA  <  -1-70°  C.  unless  otherwise  noted. 

OP-09E 

OP-09F 

OP-11E 

OP-11F 

OP-11Q 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

R3£  10k(1 

0.4 

0.6 

0.6 

3.0 

1.5 

6.0 

mV 

Average  Input  Offset 
voltage  Drift 

TCVos 

Rs£10kn 

2.0 

10 

4.0 

IS 

4.0 

mWC 

Input  Offset  Current 

•os 

14 

30 

40 

60 

250 

300 

nA 

Average  Input  Offset 
Current  Drllt(Note3) 

TCIos 

0.1 

0.3 

0.3 

0.6 

0.3 

0.6 

nA/'C 

Input  Blaa  Current 

>B 

200 

350 

400 

550 

400 

800 

nA 

Input  Voltage  Range 

IVR 

±12 

±13 

±12 

±13 

±12 

±13 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

Vcm  =  ±'2V,  RsS10kfl 

100 

120 

100 

120 

70 

100 

dB 

Power  Supply 

PSRR 

Vs  =  ±5to±15V, 

32 

4 

32 

10 

too 

tiV/V 

Rejection  Ratio 

RsS10kn 

4 

Large-Signal 
Voltage  Gain 

Avo 

RL£2kn,  Vo=±10V 

SO 

250 

SO 

250 

25 

100 

WmV 

Output  Voltage  Swing 

Vo 

RL2  2k(l 

±11 

±13 

±11 

±13 

±11 

±13 

V 

Power  Consumption 
(Notel) 

Pd 

Vo=0V 

115 

200 

115 

200 

250 

400 

mW 

E 


3 
2 
O 

I 

o 


NOTES: 

1.  Total  dissipation  for  all  four  amplifiers  In  package. 

2.  Sample  tested. 

3.  Guaranteed  but  not  tested. 
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I-.        OP-09/OP-11  QUAD  MATCHED  741-TYPE  OPERATIONAL  AMPLIFIERS 

 PMI)  

DICE  CHARACTERISTICS  (125° C  TESTED  DICE  AVAILABLE) 


OP-09 


OP-11 


1.  INVERTING  INPUT  (A) 

2.  NONINVERTING  INPUT  (A) 

3.  OUTPUT  (A) 

4.  OUTPUT  (B) 

5.  NONINVERTING  INPUT  (B) 

6.  INVERTING  INPUT  (B) 

7.  V- 

8.  INVERTING  INPUT  (C) 

9.  NONINVERTING  INPUT  (C) 

10.  OUTPUT  (C) 

11.  V- 

12.  OUTPUT  (D) 

13.  NONINVERTING  INPUT  (D) 

14.  INVERTING  INPUT  (D) 

15.  V- 


DIE  SIZE  0.086  x  0.072  inch,  6192  sq.  mils 
(2.18  X  1.83  mm,  3.99  sq.  mm) 


1.  OUTPUT  (A) 

2.  INVERTING  INPUT  (A) 

3.  NONINVERTING  INPUT  (A) 

4.  V- 

5.  NONINVERTING  INPUT  (B) 

6.  INVERTING  INPUT  (B) 

7.  OUTPUT  (B) 

8.  OUTPUT  (C) 

9.  INVERTING  INPUT  (C) 

ID  NONINVERTING  INPUT  (C) 

11.  V- 

12.  NONINVERTING  INPUT  |D) 
13   INVERTING  INPUT  (D) 

14.  OUTPUT  (D) 

15.  V- 


DIE  SIZE  0.086  x  0.072  inch,  6192  sq.  mils 
(2.18  X  1.83  mm,  3.99  sq.  mm) 


NOTE:  For  additional  DICE  ordering  information,  refer 

Either  or  both  V  +  pads  may  be  used  without  any  chango  in  performance.         to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs=  ±15V,  TA  =  25°C  for  OP-09/11N,  OP-09/11G  and  OP-09/11GR  devices;  TA=125°C  for 
OP-09/11NT  and  OP-09/11GT  devices,  unless  otherwise  noted. 


OP-09NT 

OP-09N 

OP-09GT 

OP-09GR 

OP-11  NT 

OP-11  N 

OP-11  GT 

OP-11G 

OP-11GR 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

Rs<  lOkfl 

10 

0.5 

3.5 

2.5 

5.0 

mV  MAX 

Input  Offset  Current 

los 

20 

20 

50 

50 

200 

nA  MAX 

Input  Bias  Current 

'e 

300 

300 

500 

500 

500 

nA  MAX 

Input  Voltage  Range 

IVR 

±12 

+  12 

+  12 

+  12 

+  12 

V  M1N 

Common-Mode 
Rejection  Ratio 

CMRR 

Rs<  10kll 

100 

100 

100 

100 

70 

dB  MIN 

Power  Supply 
Rojection  Ratio 

PSRR 

Vs  =  ±5Vto±15V 
Rs<  lOkll 

32 

32 

32 

32 

100 

/iV/V  MAX 

Output  Voltage  Swing 

v0 

RL>  10kfl 
RL=2k(l 

+  11 
+  11 

+  12 
+  11 

±11 
±11 

+  12 
±11 

+  11 
+  11 

VMIN 

Large-Signal 
Voltage  Gain 

Avo 

RLi2kll 
Vo  =  ±10V 

50 

100 

50 

100 

50 

V/mV  MIN 

Power  Consumption 
(Four  Amplifiers) 

VOUT=0 
No  Load 

200 

160 

200 

160 

340 

mW  MAX 

NOTES: 

For  25°C  characteristics  of  NT  &  GT  devices,  see  N  &  G  characteristics,  respectively. 

Electrical  tests  are  performed  at  water  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  VS  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted. 


OP-09NT 

OP-09N 

OP-09GT 

OP-09GR 

OP-11  NT 

OP-11N 

OP-11  GT 

OP-11  G 

OP-11GR 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

TYPICAL 

TYPICAL 

TYPICAL 

TYPICAL 

UNITS 

Slew  Rate 

SR 

Av=  1 
RL?2k(l 

1 

1 

1 

1 

1 

V/|iS 

Unity  Gain  Bandwidth 

GBW 

2 

2 

2 

2 

2 

MHz 

Av=  100 

Channel  Separation 

CS 

1  =  10kHz 
Rs=  Ikfl 

130 

130 

130 

130 

130 

dB 
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lTMt/rAOP-09/OP-11  QUAD  MATCHED  741-TYPE  OPERATIONAL  AMPLIFIERS 

 [PMI)  —  

TYPICAL  PERFORMANCE  CHARACTERISTICS 


INPUT  OFFSET  VOLTAGE 
vs  TEMPERATURE 


OFFSET  CURRENT  vs 
TEMPERATURE 


vs- 

nsv 

BIAS  CURRENT  vs 
TEMPERATURE 


-60  -40  -20    0     20    <0    60    80  100  120  140 
TEMPERATURE  <*C> 


)  -40  -20     0     20    40    60    80  100  120  140 
TEMPERATURE  CC) 


-00-40  -20     0    20  4 

TEMPERATURE  (*CI 


NORMALIZED  SLEW  RATE 
OPEN-LOOP  GAIN  vs  OPEN-LOOP  GAIN  AND  PHASE  AND  BANDWIDTH 

TEMPERATURE  vs  FREQUENCY  vs TEMPERATURE 


TEMPERATURErC)  FREQUENCY  (Nil  TEMPERATURE  <*C) 


OPEN-LOOP  GAIN  vs 

SUPPLY  VOLTAGE  CMRR  vs  FREQUENCY  PSRR  vs  FREQUENCY 


0  5  to  15  20  1-°  10          <00         "  ,0k         100k  1'°  10          100  1k  10k  100h 

POWER  SUPPLY  VOLTAGE  IIVJ  FREQUENCY  IHr)  FREQUENCY  (Hi] 
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PMI> 


OP-09/OP-11  QUAD  MATCHED  741-TYPE  OPERATIONAL  AMPLIFIERS 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


CHANNEL  SEPARATION  vs  NOISE  VOLTAGE  DENSITY  NOISE  CURRENT  DENSITY 

FREQUENCY  vs  FREQUENCY  vs  FREQUENCY 


VOLTAGE  FOLLOWER  MAXIMUM  OUTPUT  SWING 

TRANSIENT  RESPONSE  PULSE  RESPONSE  vs  FREQUENCY 


OUTPUT  VOLTAGE  vs 
LOAD  RESISTANCE 


QUIESCENT  CURRENT  vs 
SUPPLY  VOLTAGE 


I 

3, 


f 

—   

LOAD  RESISTANCE  TO  GROUND  (kill 


B  10  JO  JO  40 

TOTAL  SUPPLY  VOLTAGE  IVOLTS) 


POWER  CONSUMPTION  vs 
TEMPERATURE 


|  130 

1 

L 
1 

tx 

£  1,10 


-60  -M  -20     0     20    40    60    80    100  120  140 
TEMPERTURE  fC] 
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J8D 


OP-10 


DUAL  MATCHED  INSTRUMENTATION 
OPERATIONAL  AMPLIFIER 


oil  MoiMit  it  li  ic,s  I I1C. 


FEATURES 

•  Extremely  Tight  Matching 

•  Excellent  Individual  Amplifier  Parameters 

•  Offset  Voltage  Match  0.16mV  Max 

•  Offset  Voltage  Match  vs  Temp  O-SpWC  Max 

•  Common-Mode  Rejection  Match   114dBMIn 

•  Power  Supply  Refection  Match   100dB  Mln 

•  Bias  Current  Match    3.0nAMax 

•  Low  Noise  0.6«iVp1>  Max 

•  Low  Bias  Current    3.0nAMax 

•  High  Common-Mode  Input  Impedance         200Gft  Typ 

•  Excellent  Channel  Separation    126dBMin 

ORDERING  INFORMATION! 


TA  =  25»C 
V0SMAX 
(mV) 

HERMETIC 
DIP 
14-PIN 

OPERATING 
TEMPERATURE 
RANGE 

0.5 

OP10AY* 

MIL 

0.5 

OP10EY 

COM 

0.5 

OP10Y* 

MIL 

0.5 

OP10CY 

COM 

'  For  devices  processed  in  total  compliance  to  MIL-STO-663.  add  /683  after 
part  number.  Consult  factory  for  683  data  sheet. 

t  Burn-tn  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book.  Section  2. 


GENERAL  DESCRIPTION 

The  OP-10  series  of  dual-matched  instrumentation  opera- 
tional amplifiers  consists  of  two  independent  monolithic 
high-performance  operational  amplifiers  in  a  single  14-pln 
dual-in-line  package.  Tight  matching  of  critical  parameters 


is  provided  between  channels  of  the  dual  operational 
amplifier. 

The  excellent  specifications  of  the  individual  amplifiers 
and  tight  matching  over  temperature  enable  construction  of 
high-performance  instrumentation  amplifiers.  The  designer 
can  achieve  the  guaranteed  specifications  because  the 
common  package  eliminates  temperature  differentials  which 
occur  in  designs  using  separately  housed  amplifiers. 

Matching  between  channels  is  provided  on  all  critical  param- 
eters including  offset  voltage,  tracking  of  offset  voltage  vs. 
temperature,  noninverting  bias  currents,  and  common-mode 
and  power-supply  rejection  ratios.  The  individual  amplifiers 
feature  extremely  low  offset  voltage,  offset  voltage  drift,  low 
noise  voltage,  low  bias  current,  internal  compensation  and 
input/output  protection. 

PIN  CONNECTIONS 


14-PIN  CERAMIC  DIP 
(Y-Sufflx) 


NOTE: 

Device  may  be  operated  even  if  insertion  is  reversed;  this  is  due  to 
inherent  symmetry  of  pfn  locations  of  amplifiers  A  and  B. 


UD 
i — i 


2 

O 

i— I 

UD 

O 


SIMPLIFIED  SCHEMATIC  (1/2  OP-10) 
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OP-10  DUAL  MATCHED 


ABSOLUTE  MAXIMUM  RATINGS 


Supply  Voltage  ±22V 

Internal-Power  Dissipation  (Note  1)    500mW 

Differential  Input  Voltage  ±30V 

Input  Voltage  (Note  2)   ±22V 

Output  Short-Circuit  Duration     Indefinite 

Storage  Temperature  Range   -65°  C  to  + 150°  C 

Operating  Temperature  Range 

OP-10A,  OP-10    -55°Cto+125°C 

OP-10E,  OP-10C  0°Cto+70°C 


OPERATIONAL  AMPLIFIER 


DICE  Junction  Temperature  (Tj)    -65°  C  to +150°  C 

Lead  Temperature  Range  (Soldering,  60  sec)    300° C 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

Oual-in-Une  (Yl 

106"  C 

11.3mW/«C 

NOTES: 

1  See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 
2.  For  supply  voltages  less  than  +22V,  the  absolute  maximum  Input  voEtage  is 
equal  to  the  supply  voltage. 


PMD 


INDIVIDUAL  AMPLIFIER  CHARACTERISTICS  at  Vs  =  +  15V,  TA  =  25°C.  unless  otherwise  noted. 


OP-10A 

OP-10 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

— 

0.2 

0.5 

— 

0.2 

0.5 

mV 

Long-Term  Input  Offset 
Voltage  Stability 

AVos/Time 

(Notes  1. 2i 

0.25 

1.0 

0.25 

1.0 

pV/Mo 

Input  Offset  Current 

los 

1.0 

2.8 

1.0 

2.8 

nA 

Input  Bias  Current 

- 

±1 

±3 

±1 

±3 

nA 

Input  Noise  Voltage 

enp-p 

iNole2i  0.1Hz  10  10Hz 

0.35 

0.6 



0.35 

0.6 

"Vp 

Input  Noise  Voltage 
Density 

On 

fo=10HZ 
I  Note  2f  fo=  100Hz 

— 

10.3 
10.0 

18.0 
13.0 

— 

10.3 
10.0 

18.0 
13.0 



nWv  Hz 

Iq  =  1000Hz 

0.6 

11.0 

9.6 

11.0 

Input  Noise  Current 

'rtp-P 

(Note  2)  0.1Hz  to  10Hz 

— 

14 

30 

14 

30 

pAp.p 

Input  Noise  Current 
Density 

'n 

(0  =  10Hz 
(Note  2i  fo  =  100Hz 

- 

0.32 
0.14 

0.80 
0.23 

- 

0.32 
0.14 

0.80 
0.23 



pA/\/  Hz 

(0  »  1000Hz 

- 

0.12 

0.17 

- 

0.12 

0.17 

Input  Resistance  — 
Differential- Mode 

P|N 

i  Note  3,  , 

20 

60 

— 

20 

60 

— 

Ml! 

Input  Resistance  — 
Common-Mode 

R|NCM 

- 

200 

- 

- 

200 

- 

Gil 

Input  Voltage  Range 

1VR 

±13 

±14 

±13 

±14 

V 

Common-Mode  Rejection 
Ratio 

CMRR 

VCH=±13V 

110 

126 

110 

126 

dB 

Power  Supply  Rejection 
Ratio 

PSRR 

Vs  =  ±3Vlo±18V 

4 

10 

4 

10 

Large-Signal  Voltage 
Gain 

Avo 

RL  >  21(11.  VD=±  10V 

R^ssoon.  vQ  =  ±o.5v, 

Vs=±3VlNote3> 

200 
1S0 

500 
500 

200 
150 

500 
500 

V/mV 

RL>  10kll 

±12.5 

±13.0 

±12.5 

±13.0 

Output  Voltage  5wing 

Vo 

RLS2W1 

±12.0 

±12.8 

±12.0 

±12.8 

V 

HLa  Ikll 

±10.5 

±12.0 

±10.5 

±12.0 

Slew  Rate 

SR 

RL>2kll 

0.17 

0.17 

V/|iS 

Closed-Loop  Bandwidth 

BW 

AVCL=+1.0 

0.6 

0.6 

MHz 

Open-Loop  Output 
Resistance 

R0 

v0=o.i0=o 

60 

60 

11 

Power  Consumption 

Pd 

Each  Amplifier 
VS=±3V 

90 
4 

120 
6 

90 
4 

120 

.  6 

mW 

Offset  Adjustment  Range 

Rp=  201(11 

±4 

±4 

mV 

Input  Capacitance 

8 

8 

pF 

NOTES: 

1.  Long-Term  Input  Olfset  Voltage  Stability  refers  to  the  averaged  trend  line         2.  Sample  tested. 

°'Vosvs-T!meoverextendedpertodS8fterthefirst30daysofoperatlon.         3.  Guaranteed  by  design. 
Excluding  the  initial  hour  of  operation,  changes  In  Vos  during  the  first  30 
operating  days  are  typically  2.5<»V  —  reler  to  typical  performance  curves. 
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OP-10  DUAL  MATCHED  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


INDIVIDUAL  AMPLIFIER  CHARACTERISTICS  at  Vs  =  ±15V,  -55°  C<  TA<  +  125°C.  unless  otherwise  noted. 


OP-10A 

OP-10 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltago 

Vos 

0.3 

0.7 

0.3 

0.7 

mV 

Average  Input  Offset  - 

Voltage  Drift 

Without  External  Trim 

TCV0S 

(Note  21 

- 

0.7 

2.0 

- 

0.7 

2.0 

With  External  Trim 

TCVOSn 

RP»20kn(Noto3l 

— 

0.3 

1.0 

— 

0.3 

1.0 

iivrc 

Input  Offset  Current 

los 

1.8 

5.6 

1.8 

5.6 

nA 

Average  Input  Offset 
Current  Drift 

TCI  

 1 

g 

50 

g 

50 

pA/°C 

Input  Bias  Current 

'b 

±2 

±6 



±2 

±6 

nA 

Average  Input  Bias 
Current  Drift 

TCI„ 

(Note  2) 

- 

13 

50 

- 

13 

50 

pATC 

Input  Voltage  Range 

IVR 

±13.0 

±13.5 

— 

±13.0 

+135 

— 

V 

Common-Mode  Rejection 
Ratio 

CMRR 

Vc„  =  ±13V 

108 

123 

106 

123 

dB 

Power  Supply  Rejection 
Ratio 

PSRR 

Vs=±3Vto±18V 

5 

20 

g 

20 

liV/V 

Large-Signal  Voltage 
Gain 

Aw0  • 

RLa2kn.v0=±iov 

150 

400 

150 

400 

V/mV 

Output  Voltage  Swing 

Vo 

RL>2kn 

±12.0 

±12.6 

±12.0 

±12.6 

V 

MATCHING  CHARACTERISTICS  at  Vs  =  ±15V,  TA  = 

25°  C,  unless  otherwise  noted. 

OP-10A 

OP-10 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

AV0S 

0.07 

0.18 

0.12 

0.5 

mV 

Average  Noninverting 
Bias  Current 

lB+ 

±1.0 

±3.0 

- 

±1.3 

±4.5 

nA 

Noninverting  Offset 
Current 

los+ 

0.8 

2.8 

1.1 

4.5 

nA 

Inverting  Offset  Current 

los- 

0.8 

2.8 

1.1 

4.5 

nA 

Common-Mode  Reiectlon 
Ratio  Match 

ACMRR 

VCM  =  ±WV 

114 

123 

106 

120 

dB 

Power  Supply  Rejection 
Ratio  Match 

APSRR 

Vs  =  ±3Vto±1BV 

3 

10 

4 

20 

Channel  Separation 

CS 

(Note  2) 

126 

140 

126 

140 

dB 

2 


i 

o 

I— < 

H 


U4 


MATCHING  CHARACTERISTICS  at  Vs  =  ±15V,  -55° C  <  TA<  +125°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-10A 

MIN  TYP 

MAX 

OP-10 

MIN  TYP 

MAX 

UNITS 

Input  Offset  Voltage 
Match 

AV0S 

-  0.1 

0.3 

—  0.2 

0.9 

mV 

Input  Offset  Voltage 
Tracking 

Without  External  Trim 

TCAVos 

(Note  2) 

—  0.45 

1.3 

—  0.9 

2.5 

mWC 

With  External  Trim 

TCAVoa, 

RP  =  20kfl(Note3) 
Channel  A  only 

-  0.3 

0.8 

—  0.4 

1.2 

NOTES: 

1.  Long-Term  Input  Offset  Voltage  Stability  refers  to  the  averaged  trend  line         2.  Sample  tested. 

olVosvs.Timeoverextended  periods  after  the  first  30  days  ol  operation.         3.  Guaranteed  by  design. 
Excluding  the  Initial  hour  of  operation,  changes  in  Vos  during  the  first  30 
operating  days  are  typically  2.5|iV  —  refer  to  typical  performance  curves. 
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OP-10  DUAL  MATCHED  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


MATCHING  CHARACTERISTICS  at  Vs  =  ±15V,  -55° C  <  TA<  +125°C,  unless  otherwise  noted.  (Continued) 


OP-10A 

OP-10 

□ADAUCTCD 

CVUDAI 

SYMBOL 

OONDITlONb 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Average  Nonin  verting 
Bias  Current 

Ib+ 

_ 

±2.0 

±6.0 

_ 

±2.4 

±8.0 

nA 

Average  Drift  of 

Nonfnverting 

(nolo  £) 

10 

15 

pA/°C 

Bias  Current 

rtuninvei  uny  um<km 

Current 

los+ 

2.0 

6.5 

2.4 

9.0 

nA 

AuAnifiA  Orift  rtf 
nVSIOgB  L/111%  VI 

Noninverting 

TCI0S+ 

(Note  2) 

12 

SO 

18 

pA/'C 

Offset  Current 

tnverting  Offset  Current 

'os- 

2.0 

6.5 

2.4 

9.0 

nA 

Common-Mode  Rejection 
Ratio  Match 

ACMRR 

VCM  =  ±13V 

108 

120 

103 

117 

— 

dB 

Power  Supply  Rejection 
Ratio  Match 

4PSRR 

Vs=±3Vto±1BV 

6 

20 

7 

32 

INDIVIDUAL  AMPLIFIER  CHARACTERISTICS  at  Vs  = 

±15V,  TA  =  25°  C,  unless  otherwise  noted. 

OP-10E 

OP-10C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

vos 

0.2 

0.5 

0.2 

0.5 

mV 

Long-Term  Input  Offset 
Voltage  Stability 

,1V0S/Time 

(Notes  1.2. 

0.3 

1.5 

0.5 

pV/Mo 

Input  Offset  Current 

'os 

1.2 

3.8 

1.8 

6.0 

nA 

Input  Bias  Current 

le 

±1.2 

±4.0 

±1.8 

±7.0 

nA 

Input  Noise  Voltage 

enp-p 

I  Note  2 1  0.1Hz  to  10Hz 

0.35 

0.6 

0.38 

0.65 

fVp.p 

Input  Noise  Voltage 
Density 

en 

f0=  10Hz 
( Note  2  l0=  100Hz 
l0  =  1000Hz 

10.3 
10.0 
9.6 

18.0 
13.0 
11.0 

10.5 
10.2 
9.8 

20.0 
13.5 
11.5 

nV/\/  Hz 

Input  Noise  Current 

'np-p 

.Note  2.  0.1Hz  to  10Hz 

14 

30 

15 

35 

PAp.p 

Input  Noise  Current 
Density 

'n 

lQ  =  10Hz 
.Note  2.  l0=  100Hz 

0.32 
0.14 

0.80 
0.23 

0.35 
0.15 

0.90 
0.27 

pa/vThT 

l0  =  1000Hz 

0.12 

0.17 

0.13 

0.18 

Input  Resistance  — 
Differential-Mode 

R|N 

i  Note  3 1 

15 

50 

8 

33 

— 

Mil 

Input  Resistance  — 
Common-Mode 

R|NCM 

160 

120 

- 

Gil 

Input  Voltage  Range 

IVR 

±13 

±14 

±13 

»14 

V 

Common-Mode  Rejection 
Ratio 

CMRR 

VCU=±13V 

106 

123 

100 

120 



dB 

Power  Supply  Rejection 
Ratio 

PSRR 

Vs=±3Vto±1BV 

4 

20 

10 

32 

jiWV 

Large-Signal  Voltage 
Gain 

AVO 

RL>2ktl.Vo  =  ±10V 
RL  >  500(1.  V„=±0.5V, 
Vs=  ±3V  (Note3, 

200 
150 

500 
500 

120 
100 

400 
400 

V/mV 

RL>  lOkll 

±12.5 

±13.0 

±12.0 

±13.0 

Output  Voltage  Swing 

Vo 

RL>2kI> 

±12.0 

±12.8 

±11.5 

±12.8 

V 

RL>  Iktl 

±10.5 

±12.0 

±12.0 

NOTES: 

1 .  Long-Term  Input  Offset  Voltage  Stability  refers  to  the  averaged  trend  line         2.  Sample  tested. 

of  Vqs  vs.  Time  over  extended  periods  after  the  first  30  days  of  operation.         3.  Guaranteed  by  design. 
Excluding  the  initial  hour  of  operation,  changes  in  Vqs  during  the  first  30 
operating  days  are  typically  2.5^V  —  refer  to  typical  performance  curves. 
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OP-10  DUAL  MATCHED  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


INDIVIDUAL  AMPLIFIER  CHARACTERISTICS  at  VS  =  ±15V,  0°C<TA<  +70° C,  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-10E 
TYP 

MAX 

MIN 

OP-10C 

TYP 

MAX 

UNITS 

Slewing  Rate 

SR 

RLS2kO 

0.17 

0.17 

V/jiS 

Closed-Loop  Bandwidth 

BW 

AVCL=+10 

0.6 

0.6 

MHz 

Open-Loop  Output 
Resistance 

"o 

v0=o.  I0=0 

60 

60 

n 

Power  Consumption 

Pd 

Each  Amplifier 
V3  =  ±3V 

90 
4 

120 
6 

95 
4 

150 
8 

mW 

Offset  Adjustment  Range 

RP=20kn 

±4 

±4 

mV 

Input  Capacitance 

CIN 

6 

8 

pF 

INDIVIDUAL  AMPLIFIER  CHARACTERISTICS  at  Vs=  ±  15V,  0°C  <  TA <  +70°C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-10E 

TYP 

MAX 

MIN 

OP-10C 

TYP 

MAX 

UNITS 

Input  Olfset  Voltage 

Vos 

0.25 

0.6 

0.35 

1.6 

mV 

Average  Input  Offset 
Voltage  Drift 
Without  External  Trim 

TCV0S 

(Note  2) 

0.7 

2.0 

1.2 

4.5 

(iWC 

With  External  Trim 

TCV0Sn 

RP  =  20kn            (Note  3) 

0.3 

1.0 

0.4 

1.5 

(.WC 

Input  Offset  Current 

los 

1.4 

5.3 

2.0 

S.O 

nA 

Average  Input  Offset 
Current  Drift 

TCIos 

(Note  2) 

6 

50 

12 

50 

pATC 

Input  Bias  Current 

•b 

±1.5 

±5.5 

±2.2 

±9.0 

nA 

Average  Input  Bias 
Current  Drift 

TCIB 

(Note  2) 

13 

50 

18 

SO 

pA/*C 

Input  Voltage  Range 

IVR 

±13.0 

±13.5 

±13.0 

±13.5 

V 

Common-Mode  Refection 
Ratio 

CMRR 

VCM  =  ±13V 

103 

123 

97 

120 

dB 

Power  Supply  Rejection 
Ratio 

PSRR 

vs=±3vto±iev 

7 

32 

10 

51 

Large-Signal  Voltage 
Gain 

Avo 

RL2  2ka  Vo=±10V 

100 

400 

100 

400 

V/mV 

Output  Voltage  Swing 

v0 

RL>2kn 

±12.0 

±12.6 

±11.0 

±12.6 

V 

NOTES: 

1.  Long-Term  Input  Oflset  Voltage  Stability  refers  to  the  averaged  trend  line 
ol  Vos  vs.  Time  over  extended  periods  after  the  first  30  days  of  operation. 
Excluding  the  Initial  hour  of  operation,  changes  in  Vos  during  the  first  30 
operating  days  are  typically  2.5pV  —  refer  to  typical  performance  curves. 

2.  Sample  tested. 

3.  Guaranteed  by  design. 
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OP-10  DUAL  MATCHED  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


MATCHING  CHARACTERISTICS  at  Vs  =  ±  15V.  TA  =  25°  C,  unless  otherwise  noted. 


OP-10E 

OP-10C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Ollset  Voltage 
Match 

AV0S 

—  0.12 

0.5 

- 

0.3 

- 

mV 

Average  Nonlnverting 
Bias  Current 

lB+ 

-  ±1.3 

±4.5 

- 

±2.0 

- 

nA 

Nonlnverting  Otlsel 
Current 

'  OS 

—  1.1 

4.5 

1.8 

nA 

Inverting  Ollset  Current 

ior 

—  1.1 

4.5 

1.8 

nA 

Common-Mode  Rejection 
Ratio  Match 

ACMRR 

VCU=±13V 

106  120 

117 

dB 

Power  Supply  Rejection 
Ratio  Match 

APSRR 

Vs=+3Vto+18V 

—  4 

20 

5 

(iV/V 

Channel  Separation  ' 

CS 

(NoteD 

126  140 

120 

137 

dB 

MATCHING  CHARACTERISTICS  at  Vs  =  ±15V,  0°  C  <  TA  <  +70°  C.  unless  otherwise  noted. 

OP-10E 

OP-10C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  VOItage 
Match 

AVos 

—  0.18 

0.7 

0.4 

mV 

Input  Offset  Voltage 

Tracking 

Without  External  Trim 

TCiVos 

(Note  11 

—  0.9 

2.3 

1.3 

pWC 

With  External  Trim 

TCAV0S„ 

RL  =  20kn 

Channel  A  Only  (Note  2) 

—  0.3 

0.9 

0.6 

dWC 

Average  Nonlnverting 
Bias  Current 

•b+ 

—  +2.0 

±6.0 

±2.8 

nA 

Average  Drift  of 
Noninvening  Bias  Current 

TCIB+ 

1  NoteD 

—  12 

40 

18 

pA/"C 

Nonlnverting  Olfset 
Current 

lB+ 

—  2.0 

6.0 

2.8 

nA 

Average  Drift  of 
Nonlnverting  Offset  Current 

TCI0S+ 

(Note)) 

-  15 

50 

20 

pA/°C 

Input  Offset  Current 

i0r 

—        2.0  . 

6.0 

2.8 

nA 

Common-Mode  Rejection 
Ratio  Match 

ACMRR 

VCM  =  ±13V 

103  117 

114 

dB 

Power  Supply  Rejection 
Ratio  Match 

APSRR 

Vs=±3Vto±18V 

-  6 

32  ■ 

8 

jiWV 

NOTES: 

1.  Sample  tested. 

2.  Guaranteed  by  design. 
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PMI) 


OP-10  DUAL  MATCHED  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


BURN-IN  CIRCUIT 


OFFSET  NULLING  CIRCUIT 


6 

N.C. 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


MATCHING  CHARACTERISTICS 
TRIMMED  OFFSET  VOLTAGE 
MATCH  vs  TEMPERATURE 


MATCHING  CHARACTERISTICS 
TRIMMED  MATCHED  OFFSET 

VOLTAGE  DRIFT  AS  A 
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\  OP-10  DUAL  MATCHED  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


TYPICAL  LOW-FREQUENCY 
NOISE  TEST  CIRCUIT 
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TYPICAL  OFFSET  VOLTAGE 
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OP-10  DUAL  MATCHED  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


CMRRva FREQUENCY 


PSRR  vs  FREQUENCY 


£  so 


CLOSED-LOOP  GAIN 
vs  FREQUENCY 


8  - 

O  20 


.  1 

Vs-  :15V 
TA-25'C 

Av-ll 

I  ^ 
Av-100 

— 

Av-10 

FREQUENCY  I  Hi) 


FREQUENCY (Hi  I 
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FREQUENCY  [Hil 


OPEN-LOOP  GAIN 
vs  FREQUENCY 


TO     100      Ik      10k    100k    1M  10M 
FREQUENCY  fHfl 


OPEN-LOOP  GAIN  V8  POWER 
SUPPLY  VOLTAGE 
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OPEN-LOOP  GAIN  vs 
TEMPERATURE 
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MAXIMUM  OUTPUT  SWING 
vs  FREQUENCY 
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FREQUENCY  {Kit 


MAXIMUM  OUTPUT  VOLTAGE 
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POWER  CONSUMPTION  vs 
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TOTAL  SUPPLY  VOLTAGE.  V*  TO  V-  0/OLTSI 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


OFFSET  VOLTAGE  CHANGE 
DUE  TO  THERMAL  SHOCK 
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APPLICATIONS  INFORMATION 

ADVANTAGES  OF  DUAL  MATCHED  OPERATIONAL 
AMPLIFIERS 

Dual  matched  operational  amplifiers  provide  a  powerful  tool 
for  the  solution  of  some  difficult  circuit  design  problems. 
Circuits  include  true  instrumentation  amplifiers,  extremely 
low  drift,  high  common-mode  rejection  DC  amplifiers,  low 
DC  drift  active  filters,  dual  tracking  voltage  references  and 
many  other  demanding  applications.  These  designs  all 
require  good  matching  between  two  operational  amplifiers. 

The  adjacent  circuit,  a  differential-in,  differential-out  ampli- 
fier, shows  how  errors  can  be  reduced.  Assuming  the 
resistors  used  are  matched,  the  gain  of  each  side  will  be 
identical:  if  the  offset  voltage  of  each  amplifier  is  matched, 
then  the  net  differential  voltage  at  the  amplifiers  output  will 
be  zero.  Note  that  the  output  offset  error  of  this  amplifier  is 
not  a  function  of  the  offset  voltage  of  the  individual  amplifiers, 
but  only  a  function  of  the  difference  between  the  amplifiers' 
offset  voltages.  This  error-cancellation  principle  holds  for  a 
number  of  input-referred  error  parameters  —  offset  voltage, 
offset  voltage  drift,  inverting  and  noninverting  bias  currents, 
common-mode  and  power  supply  rejection  ratios.  Note  also 
that  the  impedances  of  each  input,  both  common-mode  and 
differential-mode,  are  extremely  high,  an  important  feature 
not  possible  with  single  operational  amplifier  circuits. 
Common-mode  rejection  can  be  made  very  high;  this  is 
especially  important  in  instrumentation  amplifiers  where 
errors  due  to  large  common-mode  voltages  can  be  far  greater 
than  errors  due  to  noise  or  drift  with  temperature. 

For  example,  consider  the  case  of  two  op  amps,  each  with 
80dB  (100/iV/V)  CMRR.  If  the  CMRR  of  one  device  is 
+  100/i  V/V  while  CMRR  of  the  other  is  - 100/*  V/V.  then  the  net 


CMRR  will  be  200/iV/V,  a  6dB  degradation.  The  matching  of 
CMRR  increases  the  effective  CMRR  when  used  as  an 
instrumentation  input  stage. 


POWER  SUPPLIES 

The  V+  supply  terminals  are  completely  independent  and 
may  be  powered  by  separate  supplies  if  desired  (this 
approach,  however,  would  sacrifice  the  advantages  of  the 
power  supply  rejection  ratio  matching).  The  V-  supply 
terminals  are  both  connected  to  the  common  substrate  and 
must  be  tied  to  the  same  voltage. 
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OP-10  DUAL  MATCHED  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


OFFSET  TRIMMING 

Offset  trimming  terminals  are  provided  for  each  amplifier  of 
the  OP-10.  Guaranteed  performance  over  temperature  is 
obtained  by  trimming  only  one  side  (side  A)  to  match  the 
offset  of  the  other;  a  net  differential  offset  of  zero  results.  This 
procedure  is  used  during  factory  testing  of  the  devices; 
however,  essentially  the  same  results  may  be  obtained  by 
trimming  side  B  to  match  side  A,  or  by  nulling  each  side 
individually. 

The  OP-10  provides  lowest  drift  when  trimmed  with  a  20kfl 
potentiometer,  this  value  provides  about  ±  4m  V  of  adjustment 
range  which  should  be  more  than  adequate  for  most  applica- 
tions. Where  finer  trimming  resolution  is  desired,  or  where 
unwanted  changes  in  potentiometer  position  with  time  and 
temperature  could  create  unacceptable  offsets,  the  adjust- 
ment sensitivity  may  be  reduced  by  using  the  circuit  shown 
below. 


NULL 
O  


-vw- 


NULL 

— o 


Model 

Null  Range 

Fixed  Resistor* 
RA'RB 

Potentiometer 

OP-10AY,  OP-10Y, 
OP-10EY 

il.2mV 

S.1kn 

lo.okn 

INSTRUMENTATION  AMPLIFIERS  USING  OP-10 

Instrumentation  amplifiers  with  excellent  performance  can 
be  easily  built  using  the  OP-10.  Typical  performance  for  a  two 
and  three-amplifier  design  are  given  in  the  table.  The  three- 
amplifier  design,  while  more  complex,  has  the  advantages  of 
simple  gain  adjustment  by  trimming  a  single  resistor  (R3)  and 


wide  common-mode  voltage  capability  at  any  gain,  plus 
improved  gain  linearity.  Slew  rate,  small-signal  bandwidth, 
and  full  power  bandwidth  are  also  superior.  Speed  will  be 
improved  by  using  an  OP-01  for  the  output  stage. 


TYPICAL  PERFORMANCE  OF 
INSTRUMENTATION  AMPLIFIERS 
GAIN  =  100 


PARAMETER 

2  OP  AMP 
DESIGN 

3  OP  AMP 
DESIGN 

Gain  Nonlinearity 

0.004% 

0.001%  (OP-05I 

0.002%  (OP-OI) 

Initial  Input  Offset  Voltage 

70>iV 

7SmV 

vs.  Temperature  (amplifier 
A  nulled  with  20k  pot) 

0.3)i  WC 

0.3(iV/°C 

vs.  Time 

3.5pV/month 

3.5fiV/month 

Input  Bias  Current 

±1nA 

±1nA 

vs.  Temperature 

10pA/"C 

10pA/°C 

Input  Offset  Current 

O.SnA 

0.3nA 

vs.  Temperature 

12pA/»C 

12pA/"C 

Input  Impedance 
Differential 

SOGfl 

tOOGn 

Common-Mode 

100QD 

iooGn 

Input  Noise  Voltage  (0.1  to  10Hz) 

0.5„Vp_p 

0.5MVp.p 

Input  Noise  Current  (0.1  to  10Hz) 

14pVp 

Common-Mode  Rejection 

120dB 

120dB 

Power  Supply  Rejection 

112dB 

112dB 

Frequency  Response 
Small-Signal  |-3dB) 

6.0Hz 

26kHz  I  OP-OS) 
BSkHz  (OP-01) 

Fuil  Power 

2.5Hz 

4.3kHz  I OP-05) 
43kHz  (OP-01) 

Slew  Rate 

0.17V/MS 

0.17V/(iS  (OP-OS) 
4.0V/»iSl  OP-01) 

3 

U4 


< 

z 
o 

O 


TRIPLE  OP-AMP  INSTRUMENTATION  AMPLIFIER 


Vos  -  0.08m V 
TCVqs  -  0.3«V/*C 
NOISE -0.5pVp-p 
R,N-  100GU 
'IN  '  1  0nA 


-Wr- 


5  20 


vOUT"vIN  I1  *  — R3 —  )  R4 

GAtIM  -  100 

GAIN  LIN  -  0.002% 

SLEW  RATE  -  2.5V/iil 

PSRR  •  U2<£B 

,c  B§  R7 
R4  "  R5 
THEN  CMRR  ■  1HWB 
ADJUST  R7  FOR  MAXIMUM  CMRR 


5-97 


6/87,  Rev.  A1 


OP-10  DUAL  MATCHED  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


PRECISION  DUAL  TRACKING  VOLTAGE  REFERENCES 
USING  OP-10 

Precision  dual  tracking  voltage  references  using  a  single 
reference  source  are  easily  constructed  using  OP-10.  These 
references  exhibit  low  noise,  excellent  stability  vs.  tempera- 
ture and  time,  and  have  excellent  power  supply  rejection. 

In  the  circuit  shown,  R3  should  be  adjusted  to  set  lREF  to 
operate  VREF  at  its  minimum  temperature  coefficient  current. 
Proper  circuit  start-up  is  assured  by  Rz.  Z1t  and  Di. 


VZ1<VREF+2V 
lREF=(V1-VREF)/R3 


V1=VREF(1+B|) 
V2  =  V1 


Output  Impedance  (AIL:1.0mA-5.0mA)    0.25  X  10"3fl 


INSTRUMENTATION  AMPLIFIER  (2  OP-AMP  DESIGN) 


"OUT  -  («-"')  ("M) 


S-S8 


6/87,  Rev.  A1 


pmi) 


OP-12 

PRECISION  LOW-INPUT-CURRENT 
OPERATIONAL  AMPLIFIER  (INTERNALLY  COMPENSATED) 


Precision  Monolithics  Inc. 


FEATURES 

•  Low  Offset  Voltage  15<VV  Max 

•  Low  Offset  Voltage  Drift  2.5pV/°CMax 

•  Load  Current  Capability  5mA  Mln 

•  Internal  Frequency  Compensation 

•  125°  C  Temperature  Tested  Die 

•  Low  Offset  Current    200pAMax 

•  Low  Bias  Current    2.0nA  Max 

•  Low  Power  Consumption  18mW  Max  @  ±15V 

•  High  Common-Mode  Input  Range   ±13VMin 

•  MIL-STD-883  Class  B  Processing  Available 

•  Slticon-Nitride  Passivation 


GENERAL  DESCRIPTION 

The  PMI  OP-12  is  an  improved  version  of  the  popular  LM108A 
low-power  op  amp.  The  OP-12  is  internally  compensated  and 
its  chip  dimensions  are  only  42  X  58  mils.  Offset  voltage  is 
lower;  the  total  worst-case  input  offset  voltage  over-55°Cto 
+ 125°  C  for  the  OP-12A  is  only  350/iV.  In  addition,  the  OP-12 
drives  a  2kn  load  which  is  five  times  the  output  current 
capability  of  the  108A.  This  excellent  performance  is  achieved 
by  applying  PMI's  ion-implanted  super-beta  process  and 
on-chip  zener-zap  trimming  capabilities.  The  internal  com- 
pensation makes  this  op  amp  ideal  for  hybrid  assembly 
applications. 


ORDERING  INFORMATION! 


PACKAGE 


TA  =  25°C 

HERMETIC 

HERMETIC 

OPERATING 

V0SMAX 

TO-99 

DIP 

TEMPERATURE 

(mV) 

8-PIN 

8-PIN 

RANGE 

0.15 

OP12AZ- 

MIL 

0.15 

OP12EJ 

OP12EZ 

COM 

0.30 

OP12BJ 

OP12BZ- 

MIL 

0.30 

OP12FJ 

OP12FZ 

COM 

1.0 

OP12CZ 

MIL 

1.0 

OP12GJ 

OP12GZ 

COM 

'For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /B83  after 

part  number.  Consult  factory  for  863  data  sheet. 
t8urn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book.  Section  2. 


SIMPLIFIED  SCHEMATIC 


PIN  CONNECTIONS 


N,C.  [T 

-IN  \T 

*IN  [T 

v-  E 


"a~|  N.c. 
1~\  V+ 
OUT 

T]  N.C. 


TO-99  (J-Suflix) 


8-PIN  HERMETIC  MINI-DIP 
(Z-Sufflx) 


</5 

PS 
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E 
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O 
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_||  > 
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OP-12  PRECISION  LOW-INPUT-CURRENT  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS  (Note  4) 


Supply  Voltage 
OP-12A,  OP-12B, 

OP-12E.  OP-12F,  All  DICE  except  GR   ±20V 

OP-12C.  OP-12G,  GR  DICE  Only   ±18V 

Operating  Temperature  Range 

OP-12A.  OP-12B.  OP-12C    -55°Cto  +  125°C 

OP-12E,  OP-12F.  OP-12G   0°Cto+70°C 

Storage  Temperature  Range   -65°  C  to + 150°  C 

Lead  Temperature  Range  (Soldering,  60  sec)    300° C 

Internal  Power  Dissiption  (Note  1 )    500mW 

Differential  Input  Current  (Note  2)    ±10mA 

Input  Voltage  (Note  3)   ±15V 

Output  Short-Circuit  Duration   Indefinite 

DICE  Junction  Temperature  (Tj)   -65°Cto+150°C 


NOTES: 

1.  See  table  (or  maximum  ambient  temperature  rating  and  derating  factor. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

TO-99  (J) 

80°  C 

7.1  mWC 

6-Pln  Hermetic  DIP  (Z) 

75'  C 

6.7m  W/'C 

2.  The  inputs  are  shunted  with  back-to-back  diodes  for  overvottage  protec- 
tion. Therefore,  excessive  current  will  flow  if  a  differential  input  voltage  in 
excess  of  1  Vis  applied  between  the  inputs  unless  some  limiting  resistance 
is  provided. 

3.  For  supply  voltages  less  than  ±  15V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

4.  Absolute  maximum  ratlngsapply  to  both  OICEand  packaged  parts,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  VS=±20V  and  TA=25°Cfor  A,  B,  Eand  Fgrades,  VS=±15V,  andTA=25°CforCand 
G  grades,  unless  otherwise  noted. 


OP-12A/E 

OP-12B/F 

OP-12C/G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TVP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

0.07 

0.15 

0.18 

0.30 

0.25 

1.0 

mV 

Input  Offset  Current 

■os 

— 

0.05 

0.20 

— 

0.05 

0.20 

— 

0.08 

0.50 

nA 

Input  Bias  Current 

Id 

0.8 

2.0 

0.8 

2.0 

1.0 

5.0 

nA 

Input  Resistance  — 
Differential-Mode 

"in 

(Note1| 

26 

70 

26 

70 

10 

50 

Mft 

Input  Voltage  Range 

IVR 

VS  =  ±1SV 

±13 

±14 

_ 

±13 

±14 



±13 

±14 



V 

Common-Mode 
Rejection  Ratio 

CMRR 

Veu  =  ±13V 

104 

120 

104 

120 

84 

116 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±SVto±1SV 

t 

7 

1 

7 

4 

63 

pV/V 

Output  Voltage 

Vo 

RL>10kn.Vs=±15V 

±13 

±14 

±13 

±14 

±13 

±14 

V 

Swing 

RL2  2ka  Va  =  ±1SV 

±10 

±12 

±10 

±12 

±10 

±12 

Large-Signal 

RL>10kn 
Vo  =  ±10V 

BO 

300 

80 

300 

40 

250 

V/mV 

Voltage  Gain 

Avo 

RL>2kn 
Vo=±10V 

50 

150 

50 

150 

100 

Power  Consumption 

Pd 

VS  =  ±1SV,  NoLoad 
VS=±5V,  NoLoad 

9 
3 

18 
6 

9 
3 

18 
6 

12 
4 

24 
8 

mW 

Input  Noise  Voltage 

0.1Hz  to  10Hz 

0.9 

0.9 

0.9 

Input  Noise 
Voltage  Density 

»n 

lo=10HZ 
f„=  100Hz 
f0=  1000Hz 

22 
21 
20 

22 
21 
20 

22 
21 
20 

nV/vTE" 

Input  Noise  Current 

'np-P 

0.1Hz  to  10Hz 

3 

3 

3 

pVp 

Input  Noise 
Current  Density 

•n 

fo=10HZ 
f0=  100Hz 
f0=  1000Hz 

0.1S 
0.14 
0.13 

0.15 
0.14 
0.13 

0.15 
0.14 
0.13 

pAA/Kz 

Slew  Rate 

SR 

RL£2kn 

0.12 

0.12 

0.12 

V/(is 

Closed-Loop 
Bandwidth 

BW 

Avd.=  +1 

0.80 

0.80 

0.80 

MHz 

Open-Loop  Output 
Resistance 

Vo  =  0.lo  =  0 

200 

200 

200 

n 

1.  Guaranteed  by  Input  bias  current. 
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OP-12  PRECISION  LOW-INPUT-CURRENT  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  for  C  grade,  Vs  =  ±20V  for  A  and  B  grades,  -55°  C  <  TA  <  + 125°  C,  unless 
otherwise  noted. 


OP-12A 

OP-12B 

OP-12C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

v0S 

- 

0.12 

0.35 

- 

0.28 

0.60 

— 

0.40 

2.0 

mV 

Average  Input  Offset 
voltage  Drift 

TCVqs 

0.50 

2.5 

1.0 

3.5 

1.5 

10 

liV/'C 

Input  Offset  Current 

I  AC 
'OS 

0.12 

0.40 

0.12 

0.40 

0.18 

1.0 

nA 

Average  Input  Offset 
Current  Drift 

TCI0S 

0.50 

2.5 

_ 

0.50 

2.5 

— 

1.0 

5.0 

pA/»C 

Input  Bias  Current 

la 

1.2 

3.0 

1.2 

3.0 

1.8 

10 

nA 

Input  voltage  Range 

IVR 

VS=±15V 

1 13 

±14 

±13 

±14 

±13 

±14 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM=±13V 

100 

116 

100 

116 

80 

112 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±5to±15V 

4 

10 

4 

10 

6 

100 

(iV/V 

Large-Signal 
Voltage  Gain 

Avo 

RLa5kn 
v0=±iov 

40 

120 

40 

120 

15 

80 

V/mV 

Output  voltage 

Rt>10kn,Vs  =  ±15V 

±13 

±14 

±13 

±14 

±13 

±14 

V 

Swing 

v0 

RL£5kn,Vs  =  ±15V 

±10 

±13 

±10 

±13 

±10 

±12 

Power  Consumption 

VS=±15V,  No  Load 

9 

18 

9 

18 

15 

24 

mW 

ELECTRICAL  CHARACTERISTICS  at  Vs  = 

±  15V  for  G  grade,  Vs  = 

±20V  for  E  and  F  grades,  0°C  <  TA  <  70°C, 

unless 

otherwise  noted. 

OP-12E 

OP-12F 

OP-12G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

0.10 

0.26 

0.23 

0.45 

0.32 

1.4 

mV 

Average  Input  Offset 
Voltage  Drift 

TCVqs 

0.50 

2.5 

1.0 

3.5 

1.5 

10 

(iV/'C 

Input  Offset  Current 

'OS 

0.08 

0.30 

0.11 

0.60 

0.12 

0.70 

nA 

Average  Input  Ollset 
Current  Drill 

TCI0S 

0.50 

2.5 

1.0 

5.0 

1.0 

5.0 

pA/»C 

Input  Bias  Current 

lB 

1.0 

2.6 

1.2 

5.2 

1.4 

6.5 

nA 

Input  Voltage  Range 

IVR 

VS=±15V 

±13 

±14 

±13 

±14 

±13 

±14 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM=±13V 

100 

116 

100 

116 

60 

112 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±5to±15V 

4 

10 

4 

10 

6 

100 

jiV/V 

Large-Signal 

.  RL>  lOkfl 
V0=±10V 

60 

200 

60 

200 

25 

150 

V/mV 

Voltage  Gain 

Avo 

Rt>2kll 
Vo=±10V 

25 

100 

25 

100 

80 

Output  Voltage 

RL>10kn 
VS=±15V 

±13 

±14 

±13 

±14 

±13 

±14 

V 

Swing 

Vo 

RL>5kn 
VS=±15V 

±10 

±12 

±10 

±12 

±10 

±12 

Power  Consumption 

VS=±1SV,  No  Load 

9 

18 

9 

18 

15 

24 

mW 

For  typical  performance  characteristics,  see  OP-08  data  sheet.  Assume 
Cc  =  30pF. 
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 pj^|\  OP-12  PRECISION  LOW-INPUT-CURRENT  OPERATIONAL  AMPLIFIER 

DICE  CHARACTERISTICS  (125°  C  TESTED  DICE  AVAILABLE) 


1.  NO  CONNECTION 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  V- 

6.  OUTPUT 

7.  V  + 

8.  NO  CONNECTION 

For  additional  DICE  ordering  Inlormatlon,  refer 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs=  +15V,  TA  =  25°C  lor  OP-12N.  OP-12G  and  OP-12GR  devices;  TA  =  125°C  for  OP-12NT  and 
OP-12GT  devices,  unless  otherwise  noted.  Note  2 


OP-12NT 

OP-12N 

OP-12GT 

OP-12G 

OP-12GR 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Input  Offset  Voltage 

v0s 

035 

0.15 

0.6 

0.3 

1 

mV  MAX 

Input  Offset  Current 

los 

0.4 

02 

0.4 

0.2 

0.5 

nA  MAX 

Input  Bias  Current 

'b 

3 

2 

3 

2 

5 

nA  MAX 

Input  Voltage  Range 

IVR 

113 

113 

±13 

±13 

±13 

V  MIN 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM=±13V 

too 

104 

100 

104 

84 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±5Vto±15V 

10 

7 

10 

7 

63 

(iV/V  MAX 

RL>  10ktl 

±13 

±13 

±13 

±13 

±13 

Output  Voltage  Swing 

Vo 

RL£2kIl 

±10 

±10 

±10 

VMIN 

RL>5kll 

±10 

±10 

Large-Signal 
Voltage  Gain 

Avo 

RL>10kfl.  Vo  =  ±10V 
RL>2kIl.  Vo  =  ±10V 
RLE5kll,  Vo=±10V 

80 
40 

80 
50 

SO 
40 

80 
50 

40 

V/mVMIN 

Input  Resistance 

(Note  1 1 

26 

26 

26 

28 

10 

MO  MIN 

Supply  Current 

lSy 

Iout=° 

vOUT=o 

06 

0.6 

0.6 

0.6 

0.8 

mA  MAX 

NOTES: 

2.  For  25°  C  specifications  of  OP-12NT  and  OP-12GT,  see 

OP-12N  and 

1 .  Guaranteed  by  design. 

OP-12G .  respectively. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown 

Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 

guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample 

lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  unless  otherwise  noted. 

OP-12NT 

OP-12N 

OP-12GT 

OP-12G 

OP-12GR 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

TYPICAL 

TYPICAL 

TYPICAL 

TYPICAL 

UNITS 

Average  Input  Offset 
Voltage  Drift 

TCV0S 

0.5 

0.5 

1.0 

1.0 

1.5 

»v/°c 

Average  Input  Offset 
Current  Drift 

TCIos 

0.5 

0.5 

1.0 

1.0 

1.0 

pA/'C 
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Precision  MonolithicS  Inc. 


OP-15/OP-16/OP-17 

PRECISION  fFET-INPUT 
OPERATIONAL  AMPLIFIERS 


FEATURES  (All  Devices) 

•  Significant  Performance  Advantages  over  LF1S5, 156  and 
157  Devices. 

•  Low  Input  Offset  Voltage   500pV  Max 

•  Low  Input  Offset  Voltage  Drift  2.0/uV/°C 

•  Minimum  Slew  Rate  Guaranteed  on  Ail  Models 

•  Temperature-Compensated  Input  Bias  Currents 

•  Guaranteed  Input  Bias  Current  @  125°C 

•  Bias  Current  Specified  WARMED  UP  Over  Temperature 

•  Internal  Compensation 

•  Low  Input  Noise  Current  0.01pA/\/Hz 

•  High  Common-Mode  Rejection  Ratio   lOOdB 

•  Models  With  MIL-STD-883  Processing  Available 

•  125°  C  Temperature  Tested  DICE 
OP-15 

•  156  Speed  With  155  Dissipation  (80mW  Typ) 

•  Wide  Bandwidth  6MHz 

•  High  Slew  Rale  13V/7.S 

•  Fast  Settling  to  ±0.1%   1200ns 

OP-16 

•  Higher  Slew  Rate  25V/ps 

•  Faster  Settling  to  ±0.1%  SOOns 

•  Wider  Bandwidth  8MHz 

OP-17 

•  Highest  Slew  Rate  60w>s 

•  Fastest  Settling  to  ±0.1%   600ns 

•  Highest  Gain  Bandwidth  Product  (Avcl  =  5  Mln) 

 30MHz 

GENERAL  DESCRIPTION 

The  PMI  JFET-input  series  of  devices  offer  clear  advantages 
over  industry-generic  devices  and  are  superior  in  both  cost 
and  performance  to  many  dielectrically-isolated  and  hybrid 


op  amps.  All  devices  offer  offset  voltages  as  low  as  0.5mV  with 
TCVosguaranteed  to  5/jV/°C.  A  unique  input  bias  cancellation 
circuit  reduces  the  Ib  by  a  factor  of  10  over  conventional 
designs.  In  addition,  PMI  specifies  I  g  and  loswith  the  devices 
warmed  up  and  operating  at  25°C  ambient. 

These  devices  were  designed  to  provide  real  precision 
performance  along  with  high  speed.  Although  they  can  be 
nulled,  the  design  objective  was  to  provide  low  offset-voltage 
without  nulling.  Systems  generally  become  more  cost  effec- 
tive as  the  number  of  trim  circuits  is  decreased.  PMI  achieves 
this  performance  by  use  of  an  improved  Bipolar  compatible 
JFET  process  coupled  with  on-chip,  zener-zap  offset  trimming. 

The  OP-15  provides  an  excellent  combination  of  high  speed 
and  low  input  offset  voltage.  In  addition,  the  OP-15  offers  the 
speed  of  the  156A  op  amp  with  the  power  dissipation  of  a 
155A.  The  combination  of  a  low  input  offset  voltage  of  500pV, 
slew  rate  of  13 Wjis,  and  settling  ti  me  of  1200ns  to  0.1  %  makes  the 
OP-15  an  op  amp  of  both  precision  and  speed.  The  additional 
features  of  low  supply  current  coupled  with  an  input  bias  current 
of  9nA  at  125°  C  ambient  (not  junction)  temperature  makes  the 
OP-15  Ideal  for  a  wide  range  of  applications. 

The  OP-16  features  a  slew  rate  of  25V/ps  and  a  settling  time  of 
900ns  to  0.1%  which  represents  a  significant  improvement  in 
speed  over  the  156.  Also,  the  OP-16  has  all  the  DC  features  of 
the  OP-15. 

The  OP-17  has  a  slew  rate  of  60V/^s  and  is  the  best  choice 
for  applications  requiring  high  closed-loop  gain  with  high 
speed.  See  the  OP-42  data  sheet  for  unity  gain  applications 
and  the  OP-215  data  sheet  for  a  dual  configuration  of  the 
OP-15. 


w 
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OP-1S/OP-16/OP-17  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


ORDERING  INFORMATION! 


PACKAGE 


TA=2S"C 
V0SMAX 
<mV) 

TO-99 
8-PIN 

8-PIN 
HERMETIC 
DIP 

OPERATING 
TEMPERATURE 
RANGE 

0.5 

OP1SAJ- 
OP16AJ- 
OP17AJ- 

OP15AZ- 
OP17AZ- 

Mil 

0.5 

OP15EJ 
OP16EJ 
OP17EJ 

OP15EZ 
OP16EZ 
OP17EZ 

COM 

1.0 

OP15BJ- 
OP16BJ- 
OP17BJ" 

OP15BZ 

OP16BZ/8S3 

OP17BZ' 

MIL 

1.0 

OP1SFJ 
OP16FJ 
OP17FJ 

OP15FZ 
OP16FZ 
OP17FZ 

COM 

3.0 

OP17CJ 

OP16CZ/883 

MIL 

3.0 

OP1SGJ 
OP16GJ 
OP17GJ 

OP15GZ 
OP16GZ 
OP17GZ 

COM 

'For  devices  processed  in  total  compliance  to  MIL-STD-6S3,  add  /683  alter 
part  number.  Consult  factory  for  663  data  sheet. 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1968 
Data  Book,  Section  2. 


PIN  CONNECTIONS 


N.C. 
8 

-tN  2  O-1  — 0«  OUT 

♦IN  2s**m(y-^0^^  BAl 
4 

V-  (CASE) 

BAL  [T 

-tN  ^ 
♦tN 

v-E 

7]  N.e. 
T]v. 

T)  OUT 
T]  6AL 

TO-99 
(J-Sufflx) 

8-PIN  HERMETIC  DIP 
(Z-Sufllx) 

BURN-IN  CIRCUIT 


+20V 

o 

10k  n 
 AV  1 


6 

-20V 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage 
All  Devices  Except  C,  G  (Packaged)  &  GR  Grades  . .  ±22V 
C,  G  (Packaged)  &  GR  Grades   ±18V 

Internal  Power  Dissipation  (Note  1)    500mW 

Operating  Temperature 

A,  B,  &  C  Grades   -55°C  to  +125°C 

E,  F  &  G  Grades    0,Cto+70°C 

Maximum  Junction  Temperature  +150°C 

DICE  Junction  Temperature  (T|)   -65"C  to  +150"C 

Differential  Input  Voltage 
All  Devices  Except  C,  G  (Packaged)  &  GR  Grades . .  +40V 
C,  G  (Packaged)  &  GR  Grades  ±30V 

Input  Voltage  (Note  3) 
All  Devices  Except  C,  G  (Packaged)  &  GR  Grades . .  ±20V 
C,  G  (Packaged)  &  GR  Grades   ±16V 

Input  Voltage 

OP-15A,  OP-15B,  OP-15E,  OP-15F  ±20V 

OP-15G    ±16V 

OP-16A,  OP-16B,  OP-16E,  OP-16F  ±20V 

OP-16C,  OP-16G   ±16V 

OP-17A,  OP-17B,  OP-17E,  OP-17F   +20V 

OP-17C,  OP-17G   ±16V 

Output  Short-Circuit  Duration    Indefinite 

Storage  Temperature  Range   -65"C  to +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)   +300°C 

NOTES: 

1.  See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 


MAXIMUM  AMBIENT        DERATE  ABOVE 
TEMPERATURE         MAXIMUM  AMBIENT 
PACKAGE  TYPE  FOR  RATING  TEMPERATURE 

TO-69  | J)  HHS  7.1mW/»C 

Hermetic  6-Pin  Dip  (Z)  75^C  8.7mW/»C 


2.  Absolute  maximum  ratings  apply  to  both  packaged  parts  and  DICE,  unless 
otherwise  noted. 

3.  Unless  otherwisespecified  the  absolute  maximum  negative  Input  voltage  Is 
equal  to  the  negative  power-supply  voltage. 
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pmi> 


OP-1S/OP-16/OP-17  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


ELECTRICAL  CHARACTERISTICS  at  Vs=  ±15V,  TA  =  25°C,  unless  otherwise  noted. 


OP-1SA/E 
OP-16A/E 
OP-17A/E 


OP-15B/F 
OP-16B/F 
OP-17B/F 


OP-15G 
OP-16C/G 
OP-17C/G 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TVP 

MAX 

MIN 

TVP 

MAX 

MIN 

TVP 

MAX 

UNITS 

Input  Offset  Voltage 

V0S 

Rs=50i] 

0.2 

0.5 

0.4 

1.0 

0.5 

3.0 

mV 

Input  Offset  Current 

•os 

Tj  =  25°C(Nole1l 
Device  Operating 
T,  =  25»C(Note  11 

OP-15 

OP-16/OP-17 



- 

3 
5 
3 
5 

10 
22 
10 
25 

_ 

- 

6 
10 

6 
10 

20 
40 
20 
50 

_ 
- 

12 
20 
12 
20 

50 
100 

50 
125 

pA 

Input  Bias  Current 

>B 

T|  =  25"ClNote1l 
Device  Operating 
Tj  =  250C(Note1i 

OP-15 

OP-16/OP-17 

- 
- 

±15 
"*~18 

±15 

±50 
110 
±50 

- 

- 

±30 
+  40 
±30 

±100 
±200 
±100 

- 

- 

±60 
±80 
±60 

±200 
+  400 
±200 

pA 

Device  Operating 

±20 

±130 

±40 

±250 

±80 

±500 

Input  Resistance 

RIN 

10'2 

10" 

10,z 

fl 

Large-Signal 
Voltage  Gain 

Avo 

RL2  2kI! 
V0=  ±10V 

100 

240 

75 

220 

50 

200 

V/mV 

Oulput  Voltage 
Swing 

Vo 

RL  =  lOkfl 
RL  =  2k(l 

±12 
±11 

±13 
±12.7 

±12 
±11 

±13 
±12.7 

±12 
±11 

±13 
±12.7 

V 

Supply  Current 

lew 

OP-15 

OP-16/OP-17 

— 

2.7 
4.6 

4.0 
7.0 

' 

2.7 
4.6 

4.0 
7.0 

— 

2.8 
4.8 

5.0 
8.0 

mA 

Slew  Rate 

SR 

A   _   —  4-1  ihlntn  1i 

OP-15 
OP-16 

10 
18 

13 
25 

— 
— 

7.5 
12 

11 
21 

— 

— 

5 
9 

9 

17 

— 
- 

V/||S 

AVCL=  +5  (Note  3) 

OP-17 

45 

60 

— 

35 

50 

— 

25 

40 

— 

Gain  Bandwidth 
Product 

GBW 

(Note  3) 

OP-15 
OP-16 

4.0 
6.0 

6.0 
8.0 

— 

3.5 
5.5 

5.7 
7.6 

— 

— 

3.0 
5.0 

5.4 
7.2 

— 

MHz 

OP-17 

20 

30 

— 

15 

28 

— 

11 

26 

— 

Closed-Loop 
Bandwidth 

CLBW 

AVCL  =  + 1 

AVCL  «  +5 

OP-15 
OP-16 
OP-17 

- 
- 

— 

14 
19 
11 

— 
— 
— 

— 

- 
— 

13 
18 
10 

— 
— 

— 

— 

— 
— 

12 
17 
9 

— 
- 
— 

MHz 

to  0.01% 

4.5 

4.5 

4.7 

to  0.05%  {Note  2) 

OP-15 

- 

1.5 

- 

- 

1.5 

- 

- 

1.6 

- 

to  0.10% 

1.2 

1.2 

1.3 

10  U.UlTB 

3  8 

3  8 

4  0 

Settling  Time 

's 

IO  U.U3TB  (NOle  d) 

OP  16 

1  2 

MS 

to  0.10% 

_ 

0.9 

_ 

_ 

0.9 



1.0 

_ 

f  A  ft  ft1  U. 

IO  U.UlTO 

15 

1  5 

1  6 

to  0.05%  (Note  4) 

OP-17 

0.7 

0.7 

z 

0.8 

to  0.10% 

0.6 

_ 

_ 

0.6 

_ 

_ 

0.7 

_ 

Input  Voltage  Range 

IVR 

±10.5 





±10.5 





±10.3 





V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM=±  10.5V 
VCM=±  10.3V 

86 

100 

86 

100 

82 

96 

dB 

Power  Supply 

PSRR 

Vs=±10Vlo±18V 

10 

51 

10 

51 

Rejection  Ratio 

Vs=±10Vto±15V 

10 

60 

Input  Noise 

f0  =  100Hz 

20 

20 

20 

nV/v/Hz 

Voltage  Density 

e„ 

l0=  1000Hz 

15 

15 

15 

Input  Noise 

l0  =  100Hz 

0.01 

0.01 

0.01 

pA/v/Hz 

Current  Density 

'n 

l0=  1000H2 

0.01 

0.01 

0.01 

Input  Capacitance 

3 

3 

3 

pF 

NOTES: 

1.  Input  bias  current  is  specified  for  two  different  conditions.  The  Tj  =  25° C 
specification  is  with  the  junction  at  ambient  temperature:  the  Device 
Operating  specification  is  with  the  device  operating  in  a  warmed-up 
condition  at  25*C  ambient.  The  warmed-up  bias  current  value  is  correlated 
to  the  junction  temperature  value  via  the  curves  of  I B  vs  Tj&nd  la  vs  TA.  PMI 
has  a  bias  current  compensation  circuit  which  gives  improved  bias  current 
over  the  standard  JFET  input  op  amps.  IB  and  I  osare  measured  at  VCM  =  0. 

2.  Settling  time  is  defined  here  for  a  unity  gain  inverter  connection  using  2k(l 
resistors.  It  is  the  time  required  for  the  error  voltage  (the  voltage  at  the 


inverting  input  pin  on  the  amplifier)  to  settle  to  within  a  specified  percent  of 
its  final  value  from  the  time  a  10V  step  input  is  applied  to  the  inverter.  See 
settling  time  test  circuit. 

3.  Sample  tested. 

4.  Settling  time  is  defined  here  for  a  A  v  =  -5  connection  with  RF  =  2k n.  It  is  the 
time  required  for  the  error  voltage  (the  voltage  at  the  inverting  input  pin  on 
the  amplifier}  to  settle  to  within  0.01%  of  its  final  value  from  the  time  a  2V 
step  input  is  applied  to  the  inverter.  See  settling  time  test  circuit. 


5-105 


10/87,  Rev.  A1 


OP-15/OP-16/OP-17  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  -55°C<TA<  125°C,  unless  otherwise  noted. 


OP-15A  OP-15B 

OP-16A  OP-16B  OP-16C 

OP-17A  OP-17B  OP-17C 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Ollset  Voltage 

Vos 

Rs=50!l 

— 

0.4 

0.9 

— 

0.7 

2.0 

— 

0.9 

4.5 

mv 

Average  Input 

Offset  Voltage  Drift 

(Note  2) 

Without  External 

Trim 
With  External 

Trim 

TCV0S 
TCV0Sn 

Rp=  lOOkll 

- 


2 
2 

5 


- 


3 
3 

10 



- 


4 
4 

15 


Tj=125°C 



06 

4.0 

_ 

0.8 

6.0 



1.0 

9.0 

Input  Offset 

TA=125°C 
Device  Operating 

OP-15 

_ 

O.S 

7.0 

_ 

1.2 

11 

_ 

1.5 

17 

nA 

Current  (Note  1) 

los 

T|  =  125°C 

- 

0.6 

4.0 

- 

0.8 

6.0 

- 

1.0 

9.0 

TA  — 125*C 
Device  Operating 

Ur-lo/Ur-17 

- 

1.0 

S.5 

- 

1.3 

14.5 

- 

1.7 

22 

Tj  = 125°C 

±1.2 

±5.0 

±1.5 

±7.5 

±1.8 

±10 

TA=125"C 
Device  Operating 

OP-15 

- 

±1.7 

±9.0 

- 

±2.2 

±14 

- 

±2.7 

±19 

nA 

Current  (Note  ti 

'b 

T|  =  125-C 

- 

±1.2 

±5.0 

- 

±1.5 

±7.5 

- 

±1.8 

±10 

TA  =  125°C 
Device  Operating 

OP-16/OP-17 

±2.0 

±11 

±2.5 

±18 

±3.0 

±25 

Input  Voltage  Range 

IVR 

±10.4 

±10.4 

±10.25 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

Vc„  =  ±  10.4V 
VCH  =  ±  10.25V 

85 

97 

85 

97 

80 

S3 

dB 

Power  Supply 

PSRR 

Vs  =  ±10Vto±18V 

15 

57 

15 

57 

pV/V 

Rejection  Ratio 

Vs  =  ±10VtO±15V 

23 

100 

Large-Signal 
Voltage  Gain 

Avo 

RL2r2kll 
Vo  =  ±10V 

35 

120 

30 

110 

25 

100 

WmV 

Output  Voltage 
Swing 

Vo 

RL>10k« 

±12 

±13 

±12 

±13 

±12 

±13 

V 

NOTES: 

1.  Input  bias  current  Is  specified  for  two  different  conditions.  The  Tj  =  25° C 
specification  is  with  the  junction  at  ambient  temperature;  the  Device 
Operating  specification  is  with  the  device  operating  In  a  warmed-up 
condition  at  25*C  ambient.  The  warmed-up  bias  current  value  is  corre- 
lated to  the  junction  temperature  value  via  the  curves  of  lB  vs  T(  and  lB  vs 
TA.  PMI  has  a  bias  current  compensation  circuit  which  gives  improved  bias 
current  over  the  standard  JFET  input  op  amps.  IB  and  l0$  are  measured 
atVCM  =  0. 

2.  Sample  tested. 
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-IpmD 


OP-1S/OP-16/OP-17  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  0°C  <  TA  <  70oC,  unless  otherwise  noted. 


OP-1SE 
OP-16E 
OP-17E 


OP-1SF 
OP-16F 
OP-17F 


OP-15G 
OP-16G 
OP-17G 


DM  O  A  UCTED 

ovuoni 

9TMHUL 

bUNUI  1  [UNO 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  voltage 

vos 

Rs=son 

0.3 

0.75 

0.55 

1.5 

0.7 

3.8 

mV 

Average  Input 

Offset  voltage  Drift 

(Note  2) 

WltnOUT  external 

Trim 

With  PvtArtiftl 

nun  cxiom&i 
Trim 

TCV0S 
TCVoa, 

HP=iookn 

— 

— 

2 
2 

5 
— 

— 
— 

3 
3 

10 

— 

— 

4 
4 

15 

— 

lire 

T|  =  70»C 

- 

0.04 

0.30 

- 

0.06 

0.45 

- 

0.08 

065 

Input  Offset 

T.  =  70*  C 

Device  Operating 

OP-1S 

— 

0.06 

0.55 

— 

o.oa 

0.80 

— 

0.10 

1.2 

nA 

Current  (Note  1) 

Iq3 

Tj  =  70°C 

_ 

0.04 

0.30 



0.06 

0.45 



0.08 

0.65 

TA  =  70°C 
Device  Operating 

OP-ie/op-17 

0.07 

0.70 

0.10 

0.15 

1.7 

T|  =  70«C 



±0.10 

±0.40 

±0.12 

±0.60 

_ 

±0.14 

±0.60 

Input  Bias 

TA  =  70"C 
Device  Operating 

OP-1S 

- 

±0.13 

±0.75 

- 

±0.16 

±1.1 

- 

±0.19 

±1.5 

nA 

Current  (Note  1) 

1 

T,  =  70«C 

— 

+0.10 

±0.40 

— 

±0.12 

±0.60 

— 

±0.14 

±0.80 

TA=70"C 
Device  Operating 

OP-16/OP-17 

±0.15 

±0.90 

±0.20 

±1.4 

±0.25 

±2.0 

Input  Vbllage  Range 

IVR 

±10.4 

±10.4 

±10.25 

V 

Common-Mode 

CMRR 

VCH  =  ±  10.4V 

ss 

98 

65 

98 

dB 

Rejection  Ratfo 

VCM  =  ±  10.25V 

80 

84 

Power  Supply 

PSRR 

Vs  =  ±10Vto±18V 

13 

57 

13 

57 

pV/V 

Rejection  Ratio 

Vs  =  ±10Vto±15V 

20 

100 

Large-Signal 
Voltage  Gain 

Avo 

RLa2kn 

Vo=±10V 

65 

200 

50 

ISO 

35 

160 

V/mV 

Output  Voltage 
Swing 

v0 

RL>10kfl 

±12 

±13 

±12 

±13 

±12 

±13 

V 

NOTES: 

1.  Input  bias  current  is  specified  for  two  different  conditions.  The  Tj = 25"  C 
specll/cat/on  Is  with  the  Junction  at  ambient  temperature:  the  Device 
Operating  specification  is  with  the  device  operating  in  a  warmed-up 
condition  at  25*C  ambient.  The  warmed-up  bias  current  value  is  corre- 
lated to  the  Junction  temperature  value  via  the  curves  of  lB  vs  Tj  and  lB  vs 
TA.  PMI  hasa  bias  current  compensation  circuit  which  gives  Improved  bias 
current  over  the  standard  JFET  input  op  amps.  lBand  los  are  measured 
atVCM  =  0. 

2.  Sample  tested. 
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 pj^J^  OP-15/OP-16/OP-17  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIERS 

DICE  CHARACTERISTICS  (125°C  TESTED  DICE  AVAILABLE) 


OP-15 


OP-16 


OP-17 


DIE  SIZE  0.068  x  0.056  Inch,  3B08  sq.  mils 
(1.73  x  1.42mm,  2.46  sq.  mm) 

1.  BALANCE 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  V- 

5.  BALANCE 

6.  OUTPUT 

7.  V+ 


□  IE  SIZE  0.068  x  0.056  Inch,  3808  sq.  mils 
(1.73  X  1.42mm.  2.46  sq.  mm) 

1.  BALANCE 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  V- 

5.  BALANCE 

6.  OUTPUT 

7.  V  l 


DIE  SIZE  0.068  X  0.056  Inch,  3808  sq.  mils 
(1.73  X  1.42mm,  2.46  sq.  mm) 

1.  BALANCE 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  V- 

5.  BALANCE 

6.  OUTPUT 

7.  V+ 


For  additional  DICE  ordering  Information,  reler  to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs  =  ±15V,  TA  =  25°  C  for  OP-15/16/17N,  OP-15/16/17G  and  OP-15/16/17GR  devices;  TA=  125°  C  for 
OP-15/16/17NT  and  OP-15/16/17GT  devices,  unless  otherwise  noted. 


OP-15NT 

OP-15N 

OP-15GT 

OP-15G 

OP-15GR 

OP-16NT 

OP-16N 

OP-16GT 

OP-16G 

OP-16GR 

OP-17NT 

OP-17N 

OP-17GT 

OP-17G 

OP-17GR 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Input  Offset  Voltage 

v0S 

Hs  =  son 

0.9 

0.5 

2.0 

1.0 

3.0 

mV  MAX 

Large-Signal 
Voltage  Gain 

Avo 

Vo=±10V 
HL=  2kll 

35 

100 

30 

75 

50 

V/mV  MIN 

Input  Voltage  Range 

IVR 

±10.4 

±10.5 

±10.4 

±10.5 

±10.3 

V  MIN 

Common-Mode 
Rejection  Ratio 

CMRR 

VCH=±IVR 

85 

B6 

as 

86 

82 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

VS=±10V  to±20V 
VS  =  ±10V  to  ±  15V 

57 

51 
— 

57 

51 

80 

,iV/V  MAX 

Output  Voltage 
Swing 

Vo 

RL  =  10kfi 
RL  =  2kll 

±12 

±12 
±11 

±12 

±12 
±11 

±12 
±11 

VMIN 

Supply  Current 

'SY 

OP-15 

OP-16,  OP-17 

4 
7 

4 
7 

5 
6 

mA  MAX 

Input  Bias  Current 

>b 

OP-15 

OP-16.  OP-17 

±3 
±11 

±14 
±18 

nA  MAX 

Input  Offset  Current 

I  OS 

OP-15 

OP-16,  OP-17 

7.0 
8.5 

11.0 
14.5 

nA  MAX 

NOTES: 

For25°CcharacterislicsolOP-15/16/17NTandOP-15/16/17GT,seeOP-15/16/17N 
and  OP-15/16/17G  characteristics,  respectively. 


Electrical  tests  are  performed  at  walor  probe  to  the  limits  shown.  Duo  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not 
guaranteed  tor  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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PMI) 


OP-1S/OP-16/OP-17  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs=  ±15V,  TA  =  +25°C,  unless  otherwise  noted. 


OP-15NT 

OP-15N  OP-15GT 

OP-15G  OP-15GR 

OP-16NT 

OP-16N  OP-16GT 

OP-16G 

DP-16GR 

OP-17NT 

OP-17N  OP-17GT 

OP-17G 

0P-17GR 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

TYPICAL 

TYPICAL 

TYPICAL 

TYPICAL 

UNITS 

Average  Input  Of  (sot 
Drift  Unnulled 

TCVa» 
,v,YOS 

2 

2 

3 

3 

4 

(iV°C 

Average  Input  Offset 
Drift  Nulled 

TCVrte- 

Hp  —  1UUKI1 

2 

2 

3 

3 

4 

(iWC 

Input  Offset  Current 

1 02 

3 

3 

3 

3 

3 

pA 

Input  Bias  Current 

le 

±15 

±15 

±15 

±15 

±15 

PA 

Avcl  =  +1 

OP-15 

13 

13 

11 

11 

9 

Slew  Rate 

SR 

OP-16 

25 

25 

21 

21 

17 

v/ps 

AVCL=+5 

OP-17 

60 

60 

50 

50 

40 

to  0.01% 

4.5 

AS 

4.5 

4.5 

4.7 

10  0.05% 

OP-15 

1.5 

1.5 

1.5 

1.5 

1.6 

to  0.10% 

1  2 

1.2      "  ' 

1.2 

1.2 

•1.3 

Settling  Time 

to  0.01% 

3.8 

3.8 

3.8 

3.8 

4.0 

(see  settling  time 

<s 

to  0.05% 

OP-16 

1.2 

1.2 

1.2 

1.2 

1.3 

**s 

test  circuits) 

to  0.10% 

n  a 

v.v 

0.9 

0.9 

0.9 

1.0 

l\)  VM  1  w 

1.5 

1.5 

1.5 

1.5 

1.6 

to  0.05% 

OP-17 

0.7 

0.7 

0.7 

0.7 

0.6 

to  0.10% 

0.6 

0.6 

0.6 

0.6 

0.7 

OP-15 

6.0 

6.0 

5.7 

5.7 

5.4 

Gain  Bandwidth 
Product 

GBW 

OP-16 

8.0 

8.0 

7.6 

7.6 

7.2 

MHz 

OP-17 

30 

30 

28 

28 

26 

OP-15 

14 

14 

13 

13 

12 

Closed-Loop 

CLBW 

AvCL=+1 

OP-16 

19 

19 

18 

18 

17 

MHz 

Bandwidth 

AvCLT+5 

OP-17 

11 

11 

10 

10 

9 

input  Noise  Voltage 

1  =  100Hz 

20 

20 

20 

20 

20 

nV/v/Hz 

Density 

«n 

f  =  1000Hz 

15 

15 

15 

15 

15 

Input  Noise  Current 

f  =  100Hz 

0.01 

0.01 

0.01 

0.01 

0.01 

pA/\/Hz 

Density 

>n 

f  =  1000Hz 

0.01 

0.01 

0.01 

0.01 

0.01 

Input  Capacitance 

3 

3 

3 

3 

3 

pF 

I— « 


o 

PJ 

Ch 

O 


NOTES: 

For25°CcharacteristicsofOP-15/16/17NTandOP-1S/16/17GT.seeOP-15/16/17N 
and  OP-15/16717G  characteristics,  respectively. 
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PMi) 


OP-15/OP-1S/OP-17  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


TYPICAL  PERFORMANCE  CHARACTERISTICS  (OP-15/OP-16/OP-17) 


MAXIMUM  OUTPUT  SWING 
vs  LOAD  RESISTANCE 


10k 

RESISTANCE  <[ll 


COMMON-MODE  INPUT 
VOLTAGE  RANGE 
vs  SUPPLY  VOLTAGE 


TA.»'C 

POSITIVE 

NEGATIVE 

/  FROM  -SS*C  TO  +12S*C 
/CHANGE  IN  CMVR  15  <  02V 

x  I  I 

VOLTAGE  NOISE  vs 
SOURCE  RESISTANCE 


I 

TA-25"C 
V§  -  115V 

tOOHi 
lOHx 

<  f  <  10k 

<  1  <  10k» 

Mi 

»4wi 

.IFIERW 
SON  RES 
C 

NOISE  Mi 
CEREStSl 

ISE  — 
ISTOR 

-ASURED 
OR 

\G& 

iPUFIER 
THSOUR 

SUPPLY  VOLTAGE  (VOLTSI 


<M  <0M  100M  to 
SOURCE  RESISTANCE  (III 


INPUT  BIAS  CURRENT 
vs  COMMON-MODE  VOLTAGE 


TO  (DUNDERCANCELLEO  lB  -  ♦ISpA  BVCM  •  0 
SO  5)  PERFECTLY  CANCLLEO  IB  -  0  8  VCM  "  0, 
n  (i)  OVERCANCELLED  IB  -  -10pA  8VCM  "  Oj 

40 


(WARMED-UP  IN  FREE  AIRI 
Vs  -  itSV 
Ta  -  25*C 

I     I     I     I     I     I  I 


-12 -10  -8  -6  -4  -2  0  2  4  6  0  10  12 
INPUT  COMMON-MODE  VOLTAGE  IVOLTSI 


OPEN-LOOP 
VOLTAGE  GAIN 
vs  SUPPLY  VOLTAGE 


TM 

?  500k 
>  <00k 
Z  300k 
5 

O  200k 

w 

s 

1 100k 

8 

-I1 
Z 

s 


-u>'u 

2S*C 

OUTPUT  VOLTAGE  SWING 
vs  SUPPLY  VOLTAGE 


RL-2V 
TA-25-C 

SUPPLY  VOLTAGE  IVOLTSI 


±5  110  115 

SUPPLY  VOLTAGE  IVOLTSI 


NULLED  OFFSET 
VOLTAGE  DRIFT 
vs  POTENTIOMETER  SIZE 


10k  30k  100k         300k  1M 


Rp-TRIMMWG  POTENTIOMETER  VALUE  1(11 


OFFSET  VOLTAGE  DRIFT 

vs  TEMPERATURE  OF 
REPRESENTATIVE  UNITS 


VS->1SV 


-50     -25       0       25      SO      7S      100  129 
TEMPERATURE  TO 


INPUT  BIAS  CURRENT  vs 
AMBIENT  TEMPERATURE  (UNITS 
ARE  WARMED-UP  IN  FREE  AIR) 


10      30      SO      70      00     110    130  in 
AMStENT  TEMPERATURE  (*C1 


5-110 


10/87,  Rev.  A1 


PMI> 


OP-15/OP-16/OP-17  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


TYPICAL  PERFORMANCE  CHARACTERISTICS  (OP-15/OP-16/OP-17) 


BIAS  CURRENT  vs  TIME 
IN  FREE  AIR 
(OP-15) 


1  'MP* 


■  :15V 

■  JE'C 


o       in      ta      so      w      loo  isd 
TIME  *  F  T  E II POWE  R  APPl  IE  D ISEC) 


BIAS  CURRENT  vs  TIME 
IN  FREE  AIR 
(OP-16/OP-17) 


3  IOOoA 


/ 


'  1&GA/157A  MAX 


■  K*e 

"  67mA  FCIFI  MAX  CURVES 
5.0mA  r       TVP  CURVES 


OP  t(iA,0P-17A  TYP 


q        20       40        DO       80       100      120  140 
TIME  AFTER  POWER  APPLIED  (SEC) 


INPUT  BIAS  CURRENT  vs 
AMBIENT  TEMPERATURE  (UNITS 
ARE  WARMED-UP  IN  FREE  AIR) 
(OP-15) 


30 


IUA  MAX/" 
)55fi  TYP^r* 
P-1SAMAX/  ^ 

A//' 


/. 


/ 


72 


r*^ DP-ISA  TVP 


10       30       DO       70       90       110      130  150 
AMBIENT  TEMPERATURE  l*CI 


INPUT  BIAS  CURRENT  vs 
AMBIENT  TEMPERATURE  (UNITS 
ARE  WARMED-UP  IN  FREE  AIR) 
(OP-16/OP-17) 


MAX 


154*11 57  A  TVP 


7 
/ 

7* 


> 


/ 


/ 


OP-17A  MAX 


QP-ieA.'OP-TjrA  TYP 


I  SO  70  90  HQ  IS 
JUNCTION  TEMPERATURE  (*C) 


SUPPLY  CURRENT 
vs  SUPPLY  VOLTAGE 
(OP-15) 


-55  C 

25"C 
11'..  C 

t  it  no  lb 

SUPPLY  VOLTAGE  IVOLTS) 


1 


SUPPLY  CURRENT 
vs  SUPPLY  VOLTAGE 
(OP-16/OP-17) 


-  55  C 
Z5C 

12S'C 

i5  ;10  :15 

SUPPLY  VOLTAGE  (VOLTS) 


U4 

e-, 

< 
2 
O 

pu 
eu 
O 


TYPICAL  PERFORMANCE  CHARACTERISTICS  (OP-15) 


LARGE-SIGNAL 
TRANSIENT  RESPONSE 


SMALL-SIGNAL 
TRANSIENT  RESPONSE 


SETTLING  TIME 


Cv 

s 

25  c 

-1 

i 

rA 

Av 

\V 

\ 

05  1.0  1.5  2.0  2.5 

SETTLING  TIME  Uwc) 
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PMi) 


OP-1S/OP-16/OP-17  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


TYPICAL  PERFORMANCE  CHARACTERISTICS  (OP-15). 


CLOSED-LOOP  BANDWIDTH 
AND  PHASE  SHIFT  vs  FREQUENCY 


BANDWIDTH  vs 
TEMPERATURE 


OPEN-LOOP  GAIN 
vs  FREQUENCY 


10M 

FREQUENCY  IK*) 


1  1 

V$  -  •  15V 

T 

ft- 25 

"C 

\ 

TEMPERATURE  TCI 


100     Ik     10k    100k    tM    10M  100M 
FREQUENCY  IHl) 


MAXIMUM  OUTPUT  SWING 
vs  FREQUENCY 

n — r 

Vs  -  »15V 
_  TA  -  26'C 
Ay- 


SLEW  RATE 
vs  TEMPERATURE 


! 

>  u 


♦I 

:1SV 

-^^NEGATIVE 

"Ay- 

vs- 



ITIVE 

^.POi 

 , 

j 

COMMON-MODE  REJECTION 
RATIO  vs  FREQUENCY 


vs- 
ta  ■ 

H5V 
25'C 

FREQUENCY  (Hi} 


-60    -25       0       26      60       75      100  125 
AMBIENT  TEMPERATURE  fd 


Ik  10k  100k  1M  10M  100M 
FREQUENCYlHtl 


POWER-SUPPLY  REJECTION 
RATIO  vs  FREQUENCY 


 1  

i 

-TA- 



S'C  — 

IVE  

LV 

—  POSl' 
\  SUPI 

NEGATIVE 

CIIDOI  V 

'  <<<>'■ 

Ik  10k  100k 
FREQUENCY  (Hi) 


OUTPUT  IMPEDANCE 
vs  FREQUENCY 


VOLTAGE  NOISE  DENSITY 
vs  FREQUENCY 


100k 

FREQUENCY  [Hil 


FREQUENCY  (Hi) 
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 p|^|\  OP-15/OP-16/OP-17  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIERS 

TYPICAL  PERFORMANCE  CHARACTERISTICS  (OP-16) 


MAXIMUM  OUTPUT  SWING  SLEW  RATE  COMMON-MODE  REJECTION 

va  FREQUENCY  V9  TEMPERATURE  RATIO  vs  FREQUENCY 


FREQUENCY  (Hil  AMdlENT  TEMPEtlATURE  l°CI 
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OP-15/OP-16/OP-17  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


TYPICAL  PERFORMANCE  CHARACTERISTICS  (OP-16) 


POWER-SUPPLY  REJECTION  OUTPUT  IMPEDANCE  VOLTAGE  NOISE  DENSITY 

RATIO  vs  FREQUENCY  vs  FREQUENCY  vs  FREQUENCY 


TYPICAL  PERFORMANCE  CHARACTERISTICS  (OP-17) 


LARGE-SIGNAL  SMALL-SIGNAL 
TRANSIENT  RESPONSE  TRANSIENT  RESPONSE  SETTLING  TIME 


05         10  15  10         1.1  U 

SETTLING  TIME  r>i*tl 


CLOSED-LOOP  BANDWIDTH 

AND  PHASE  SHIFT  BANDWIDTH  vs  OPEN-LOOP 

vs  FREQUENCY  TEMPERATURE  FREQUENCY  RESPONSE 
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OP-15/OP-16/OP-17  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


TYPICAL  PERFORMANCE  CHARACTERISTICS  (OP-17) 


MAXIMUM  OUTPUT  SWING 
vs  FREQUENCY 


! 


SLEW  RATE  vs 
TEMPERATURE 
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SITIV 
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FREQUENCY  IHzl 


-60   -25       0       25      SO       75      100  125 
AMBIENT  TEMPERATURE  (°C> 


COMMON-MODE  REJECTION 
RATIO  vs  FREQUENCY 


Ta  -  25'C 

1  1 

10     100     Ik     10k   100k    1M     10M  100M 
FREQUENCY  (Hi) 


POWER-SUPPLY  REJECTION 
RATIO  vs  FREQUENCY 


| 

U 

3  » 
c 

i- 

DC 


Ta-! 

5'C   

1  

kSITIVE 
fPPLY 

\a 

'IVESU 

-  NEGA 

■PLY  * 

OUTPUT  IMPEDANCE 
vs  FREQUENCY 


Ik  10k  100k 
FREQUENCY  |Hi) 


VOLTAGE  NOISE 
vs  FREQUENCY 


100k 
FREQUENCY  (Hi) 


FREQUENCY  (Ht) 
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1 

o 

I 

IX) 
Ph 
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BASIC  CONNECTIONS 

INPUT  OFFSET  VOLTAGE  NULLING 


NOTE:  Vos  CAN  BE  TRIMMED  WITH  POTENTIOMETERS 
RANGING  FROM  10kn  TO  1MS1.  FOR  MOST  UNITS 
TCVqs  WILL  BE  MINIMUM  WHEN  Vos  ls  ADJUSTED 
WITH  A  100kn  POTENTIOMETER. 


SETTLING-TIME  TEST  CIRCUIT  —  OP-15/OP- 16 
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 pj^jj^  OP-15/OP-16/OP-17  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIERS 

SETTLING-TIME  TEST  CIRCUIT  —  OP-17 


10V  |~~ 
0_J 


o — f— w\  * 

<  ikn 
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-1SV 

o — 
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rjrioopf 
no 
-VA- 
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"OUT 

 O 


•  15V 

— o 


TYPICAL  APPLICATIONS 
CURRENT-TO-VOLTAGE  AMPLIFIER  OUTPUT 


APPLICATIONS  INFORMATION 
DYNAMIC  OPERATING  CONSIDERATIONS 

As  with  most  amplifiers,  care  should  be  taken  with  lead  dress, 
component  placement,  and  supply  decoupling  in  order  to 
ensure  stability.  For  example,  resistors  from  the  output  to  an 
input  should  be  placed  with  the  body  close  to  the  input  to 
minimize  "pick-up"  and  maximize  the  frequency  of  the 
feedback  pole  by  minimizing  the  capacitance  from  the  input 
to  ground. 

A  feedback  pole  is  created  when  the  feedback  around  any 
amplifier  is  resistive.  The  parallel  resistance  and  capacitance 


from  the  input  of  the  device  (usually  the  inverting  input)  to 
AC  ground  set  the  frequency  of  the  pole.  In  many  instances 
the  frequency  of  this  pole  is  much  greater  than  the  expected 
3dB  frequency  of  the  closed-loop  gain  and  consequently 
there  is  negligible  effect  on  stability  margin.  However,  if  the 
feedback  pole  is  less  than  approximately  six  times  the 
expected  3dB  frequency,  a  lead  capacitor  should  be  placed 
from  the  output  to  the  negative  input  of  the  op  amp.  The  value 
of  the  added  capacitor  should  be  such  that  the  RC  time- 
constant  of  this  capacitor  and  the  resistance  it  parallels  is 
greater  than,  or  equal  to,  the  original  feedback  pole  time 
constant. 
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PMI) 


Precision  AlonolithicS  Inc. 


OP- 20 


MICROPOWER  OPERATIONAL  AMPLIFIER 
(SINGLE  OR  DUAL  SUPPLY) 


FEATURES 

•  Low  Supply  Current  55pA  Max 

•  Single-Supply  Operation   +5Vto+30V 

•  Dual-Supply  Operation   ±2.5  V  tot  15V 

•  Low  Input  Offset  Voltage    250/iV  Max 

•  Low  Input  Ottset  Voltage  Drift   1.5^V/0C  Max 

•  High  Common-Mode  Input  Range  ...  V-  to  V+  (-1.5V) 

•  High  CMRR  and  PSRR    100dB  Min 

•  High  Open-Loop  Gain   120dB  Min 

•  No  External  Components  Required 

•  741  Plnout  and  Nulling 


ORDERING  INFORMATION! 

TA=25"C 

PACKAGE 

OPERATING 

Vos MAX 

TEMPERATURE 

(fV) 

TO-99 

CERDIP 

PLASTIC 

RANGE 

250 

OP20BJ 

OP20BZ 

MIL 

250 

OP20FJ 

OP20FZ 

IND 

250 

OP20FP 

COM 

500 

OP20CJ 

OP20CZ 

MIL 

500 

OP20GJ 

OP20G2 

IND 

500 

OP20GP 

COM 

1000 

OP20HJ 

OP20HZ 

OP20HP 

COM 

1000 

OP20HStt 

COM 

t  Bum-in  isavailableon  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plasticdip.  and  TO-can  packages.  For  ordering  information,  see  1988 
Oata  Book.  Section  2. 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 
contact  your  local  sates  olfice. 

GENERAL  DESCRIPTION 

The  OP-20  is  a  monolithic  micropower  operational  amplifier 
that  can  be  operated  from  a  single  power  supply  of  +5V  to 


+30V,  or  from  dual  supplies  of  ±2.5V  to  ±15V.  The  input 
voltage  range  extends  to  the  negative  rail,  therefore  input 
signals  down  to  zero  volts  can  be  accomodated  when 
operating  from  a  single  supply. 

Precision  performance  in  high-gain  applications  is  readily 
obtained  when  using  the  OP-20.  The  B/F  grade  features  a 
maximum  input  offset  voltage  of  250fiV,  minimum  CMRR  of 
95dB,  and  open-loop  gain  of  over  500,000.  Quiescent  supply 
current  isa  maximum  of  only  55fiAat±2.SVor80MAat±1SV. 
The  low  input  offset,  high  gain,  and  low  power  consumption 
brings  precision  performance  to  portable  instruments,  satel- 
lites, missile  control  systems,  and  many  other  battery- 
powered  applications. 

PIN  CONNECTIONS 


EPOXY  MINI-DIP 
(P-Suffix) 

8-PIN  HERMETIC  DIP 
(Z-Suffix) 

8-PIN  SO 
(S-Suffix) 


TO-99 
(J-Sufflx) 


I— I 

u-, 

-J 
< 

i 

o 

I— I 

Pi 
O 


SIMPLIFIED  SCHEMATIC 
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OP-20  MICROPOWER  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage   ±18V 

Power  Dissipation    SOOmW 

Differential  Input  Voltage  +30V 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range 

J  and  Z  Packages   -65°  C  to  +150°C 

P  Package    -65°Cto+125°C 


Operating  Temperature  Range 
OP-20B.  OP-20C  (J  or  Z  package)  . . .  -55°  C  to  +125°C 
OP-20F.  OP-20G  (J  or  Z  package)  ....  -25° C  to  +85°C 
OP-20FP,  OP-20GP,  OP-20HP 

OP-20HJ,  OP-20HZ,  OP-20HS  0°C  to  +70°C 

Lead  Temperature  Range  (Soldering,  60  sec)    300° C 

DICE  Junction  Temperature   -65°  C  to +  150°  C 

NOTE: 

1.  Absolute  ratingsapply  to  both  DICE  and  packaged  parts,  unless  otherwise 
noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±2.5Vto±15V,  TA=+25°C,  unless  otherwise  noted. 


OP-20B/F 

OP-20C/G 

OP-20H 

PARAMETER 

SYMBOL 

CONDITIONS 

MtN 

TYP  > 

IAX 

MtN 

TYP  MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

VS  =  ±15V 

55 

250 

150  500 

300 

1000 

(.V 

Input  Offset  Current 

<os 

VCM  =  0 

0.1S 

1.5 

0.2  2.5 

0.3 

4.0 

nA 

Input  Bias  Current 

'b 

VCM  =  0 

12 

25 

14  30 

18 

40 

nA 

Input  Voltage  Range 

IVR 

V+=+5V. 
V-  =  0V 

0/3.5 

0/3.5 

0/3.5 

V 

Va=±15V 

-15/13.5 

-15/13.5 

-15/13.5 

Common-Mode 
Relection  Ratio 

CMRR 

V+  =  +5V.V-  =  0V 
0V£VCM£3.5V 
VS  =  ±15V 
-15V£VCM£  13.5V 

95 
100 

105 
110 

90 
94 

85  — 
105  — 

85 
90 

90 
100 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±2.5Vto±15V 
endV-  =  0V. 
V+  =  5Vto30V 

4 

6 

6  10 

10 

32 

liV/V 

Large-Signal 

V+  =  +5V.V-  =  0V 
1VSV0S3.5V 

300 

500 

200 

500 

500 

V/mV 

Voltage  Gain 

Avo 

Vs  =  ±15V.Vo  =  ±10V 
RL°2Skn 

1000 

2000 

800 

2000 

500 

1000 

V+  =  SV.V-=0V 

0.6/4.1 

0.7/4.1 

0.6/4.0 

Output  Voltage 

RL  -  tr*n 

V 

Swing 

vO 

VS  =  ±15V. 
RL  =  25kn 

±14.1 

±14.1 

±14.0 

Closed-Loop 
Bandwidth 

BW 

Avcl-  +  1.0. 

RL=  iokn 

100 

100 

100 

kHz 

Slew  Rate 

SR 

VS  =  ±15V 
RL=25kn 

0.05 

0.05 

0.05 

V/^s 

8upply  Current 

'SY 

VS  =  ±2.5V. 
No  Load 
VS=±15V. 
No  Load 

40 

55 

55 
80 

44 

57 

63 
05 

45 
60 

70 
95 

pA 
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OP-20  MICROPOWER  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs= ±2.5V  to  ±  15V,  -55°  C<  TA< + 125°  C  for  OP-20B J/BZ  and  OP-20CJ/CZ.  -25°  C 
£  TA£  +85-C  for  OP-20FJ/FZ  and  OP-20GJ/GZ,  and  0°C  <  TA<  +70°C  for  OP-20FP,  OP-20GP,  OP-20HP,  OP-20HZ  and 
OP-20HJ,  unless  otherwise  noted. 


OP-20B/F 

OP-20C/G 

OP-20H 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

MIN 

TYP  MAX 

MIN 

TYP 

MAX 

UNITS 

Average  Input 

Offset  Voltage 

TCVos 

Unnulled 

0.75 

1.5 

1.0 

3.0 

— 

1.5 

7.0 

<iWC 

Drift  (Nolall 

Input  Otlsst  Voltage 

Vos 

VS=±15V 

- 

155 

400 

- 

250 

600 

500 

1700 

mV 

Input  OHset  Current 

'os 

Vcm  =  0 

0.5 

2.5 

1.0 

3.5 

- 

1.5 

5.0 

nA 

Input  Bias  Current 

>0 

VCM  =  0 

12 

27 

14 

33 

'  16 

45 

nA 

Input  Voltage 

IVR 

V+-+5V.V--0V 

073.2 

073.2 

0/32 

- 

— 

V 

Range 

VS=±15V 

-15/135 

- 

-15/13.2 

- 

-15/135 

Common-Mod* 

CMRR 

V+  =  +5V,V-  =  0V 
0VSVcm<3.2V 

90 

100 

85 

90 

80 

65 

dB 

Rejection  Ratio 

VS  =  ±15V 

-15V  SVcS  13.2V 

96 

110 

90 

105 

55 

100 

_ 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  12.5V  to 
±1SV 
V--OV. 
V+»SVto30V 

4 
4 

10 

10 

6 
6 

13 
18 

- 

10 
10 

32 

57 

<iV/V 

Large-Signal 
Voltage  Gain 

Ayo 

Vs=±1SV.Vo»±10V 
RL=50kn 

500 

700 

400 

600 

250 

400 

V/mV 

Output  Voltage 
Swing 

v0 

V+  =  5V,  V-  =  0V. 
RL»50kn 
VS  =  11SV. 

RL  =  sr*n 

0.0/4.0 
±14.0 

0.9/3.9 
±13.9 

1.073.8 
113.9 

V 

Supply  Current 

'SY 

Vs=  12.5V,  NO 
Loador+SV.OV 
VS  =  ±1SV. 
No  Load 

50 
64 

65 
95 

53 
69 

75 
100 

55 
72 

85 
115 

NOTE: 

1.  Sample  tested. 
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OP-20  MICROPOWER  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS 


DIE  SIZE  0.069  x  0.046  inch,  3174  sq.  mils 
(1.75  X  1.17  mm,  2.05  sq.  mm) 


1.  BALANCE 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  V- 

5.  BALANCE 

6.  OUTPUT 

7.  V+ 


For  additional  DICE  ordering  information,  refer 
lo  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs=  ±  15V,  TA  =  25  °C,  unless  otherwise  noted. 


OP-20N 

OP-20G 

OP-20GR 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

300 

600 

1000 

jiVMAX 

Input  Offset  Current 

I  OS 

1.5 

2.5 

4.0 

nA  MAX 

Input  Bias  Current 

Id 

25 

30 

40 

nA  MAX 

Input  Voltage  flange 

IVR 

V+  =  +5V,  V-  =  0V 
VS=±15V 

0/3.5 
-15/13.5 

0/3.5 
-15/13.5 

0/3.5 
-15/13.5 

VMIN 

Common-Mode 
Rejection  Ratio 

CMRR 

V+  =  +5V.  V-  =  OV,  OV  <  Vcm  S  +3.5V 
Vs  =  ±  15V.  -  15V  <  VCM  <  i  13.5V 

95 
100 

90 
94 

85 
90 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±2.5Vto±15V 
V-  =  0V.V+  =  +5V 
to+30V 

6 

10 

32 

pV/VMAX 

Large-Signal 
Voltage  Qain 

*vo 

flL  =  25*11 
V0=±10V 

1000 

800 

500 

V/mV  MIN 

Output  Voltage 

RL=  10kn,  V+  =  +5V.V-  =  0V 

0.7/4.1 

0.8/4.1 

0.9/4.0 

VMIN 

Swing 

v0 

RL=25kn.  VS=±15V 

±14.1 

±14.1 

±14.0 

Supply  Current 

'SY 

VS  =  ±2.5V,  No  Load 
Vs=±15V.NoLoad 

55 
80 

63 
65 

70 
95 

jiA  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  fs  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-20N 

TYPICAL 

OP-20G 
TYPICAL 

OP-20GR 

TYPICAL 

UNITS 

Average  Input 
Olfset  Voltage  Drift 

TCV0S 
TCVoa, 

Unnuiled 
Nulled,  Rp=  10kfi 

1.0 
1.0 

1.5 
1.5 

2.5 
2.5 

MWC 

Large-Signal 
Voltage  Gain 

RL  =  25kn 

2000 

2000 

1000 

V/mV 
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OPERATIONAL  AMPLIFIERS 


OP-20  MICROPOWER  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


MAXIMUM  OUTPUT  VOLTAGE 
VS  LOAD  RESISTANCE 


2  « 
% 

i 

X 

3  s 


2ft* 

: 

1 

1 

-ll 

II 

5V 

's 

I/. 

OV 

VOLTAGE  NOISE  DENSITY 
vs  FREQUENCY 


CURRENT  NOISE  DENSITY 
vs  FREQUENCY 


0.1  1  TO  100  Ik  10k 

FREQUENCY  IHil 


10  tOO  Ik 
FREQUENCY  (Hi) 


TYPICAL  APPLICATIONS 
TEMPERATURE  SENSOR 


100M1  lkn 


lC2  AVBE 


•Rl  AND  R2  SHOULD  BE  SELECTED  TO  KEEP  IC1  AND  \a 
LESS  THAN  20»A. 


twi  tookn 


OESIGN  EQUATIONS 
AV0C- 
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(g)wwm 

VQut  -  lOKAVOEl 
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MS>  OP- 21 

LOW-POWER 
OPERATIONAL  AMPLIFIER 


Precision  MonolithicS  Inc. 


FEATURES 

•  Low  Supply  Current   230pA  Max 

•  Wide  Supply  Range    ±  2.5V  to  ±  15V 

•  Low  Input  Offset  Voltage   100pV  Max 

•  Low  Input  Offset  Voltage  Drift   l.O/iWC  Max 

•  High  Common-Mode 

Input  Range    V- (+ 0.5V)  to  V+  (-  1.5V) 

•  High  CMRR  and  PSRR    100dB  Min 

•  High  Open-Loop  Gain   1000V/mV  Min 

•  125°  C  Temperature  Tested  Dice 


GENERAL  DESCRIPTION 

The  OP-21  is  a  precision  low-power  operational  amplifier 
offering  the  benefits  of  low  offset  voltage  and  high  slew  rate 
with  the  advantages  of  low  power.  A  supply  range  of  ±2.5V  to 
±15V  allows  a  wide  range  of  applications. 

Two  military  temperature  range  models  and  three  industrial 
temperature  range  models  are  available  in  TO-99  cans  and 
8-Pln  hermetic  DIPs.  Industrial  temperature  range  models 
are  also  available  in  8-Pin  epoxy  DIPs.  See  OP-221  for  dual 
and  OP-421  for  quad  versions  of  the  OP-21 . 


ORDERING  INFORMATION! 


PIN  CONNECTIONS 


TA-25°C 
V0S  MAX 
<*V) 


PACKAGE 


TO-99 


CERDIP  PLASTIC 


OPERATING 
TEMPERATURE 
RANGE 


100 

OP21AJ 

OP21AZ 

MIL 

100 

OP21EZ 

IND 

200 

OP21BJ 

OP21BZ 

MIL 

200 

OP21FJ 

OP21FZ 

OP21FP 

IND 

500 

OP21GJ 

OP21GP 

IND 

SOO 

OP21HSH 

COM 

*  For  devices  processed  in  total  compliance  to  Mll-STD-883,  add  /883  alter 

part  number.  Consult  factory  for  863  data  sheet, 
t  Burn-tn  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book.  Section  2. 
tf  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 

contact  your  local  sales  office. 


SIMPLIFIED  SCHEMATIC 


SAL  [T    »  T]  N.C. 

•inIT-n^  jjv. 

•in  [T  J2  out 

v.  (T  T]  oai 


TO-99 
(J-Suflix) 


EPOXY  MINI-DIP 
(P-Suffix) 
8-PIN  HERMETIC  DIP 
(Z-Suffix) 
8-PIN  SO 
(S-Suffix) 


3 


1 

O 

1 

Dh 

O 


6  5  5 


(!)  2£on       (!)  O 

— 


o  Coi 


■+4 


Q9  Q10  ^ 


-4 


6 
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OP-21  LOW-POWER  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 


Supply  Voltage  +  18V 

Power  Dissipation  (Note  1|  .  i   500mW 

Differential  Input  Voltage  ±30V 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range 

J  and  Z  Packages   -65°  C  to  + 1 25°  C 

P Package   -65°C to  +  125°C 

Operating  Temperature  Range 

OP-21A,  OP-21B   -55°Cto+125°C 

OP-21  E,  OP-21  F,  OP-21  G    -25°Cto+85°C 

OP-21  HS   CVCto+TO-C 


DICE  Junction  Temperature  (Tp    -6SoCto+1S0oC 

Lead  Temperature  Range  (Soldering,  60  sec)   300° C 

NOTES: 

1.  See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 

2.  Absolute  maximum  ratings  apply  to  both  packaged  partsand  DICE,  unless 
otherwise  noted. 


MAXIMUM  AMBIENT- 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

TO-99IJ) 

80°  C 

7.1mW/»C 

8-Pin  Plastic  DIP  (PI 

36°  C 

5.6mW/»C 

8-Pin  Hermetic  DIP  (Zl 

75°  C 

6.7mW/«C 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  +2.5V  to  ±15V  and  TA=  +25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-21  A/E 

MIN      TYP  MAX 

OP-21  B/F 
MIN      TYP  MAX 

OP-21  G/H 

MIN      TYP  MAX 

UNITS 

Input  Offset  Voltage 

Vos 

VS=±15V 

40 

100 

150 

200 

300 

500 

fV 

Input  Offset  Current 

'os 

vCM=o 

0.6 

4 

0.8 

S 

1.2 

6 

nA 

Input  Bias  Current 

Is 

VCM=0 

50 

100 

60 

120 

70 

150 

nA 

Input  Voltage  Range 

IVR 

VS=±1SV 

-14.5/13.5 

-14.5/13.5 

-14.5/13.5 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

Vs  =  ±t5V.  No  Load 
-14.5V  SVCH 
<  13.5V 

100 

110 

90 

105 

84 

100 

as 

Power  Supply 
Rejection  Ratio 

PSRR 

VS=±2.5V 

to  ±  15V,  No  Load 

2 

6 

4 

10 

10 

32 

<iWV 

Large-Signal 
Voltage  Gain 

Ayo 

VS=±1SV. 

RL=iokn.v0±iov 

1000 

2000 

500 

1500 

500 

1000 

V/mV 

Output  Voltage 
Swing 

v0 

VS=±15V, 
RL=10kfl 

-13.7/14.0 

-13.7/13.9 

-13.6/13.8 

V 

Slew  Rate 

SR 

CL=100pF, 
RL=25kfl 

0.25 

0.25 

0.25 

V/ia 

Closed -Loop 
Bandwidth 

BW 

AVCL  =  +  1. 

RL=iokn 

600 

600 

600 

kHz 

Supply  Current 

Isy 

VS=±2.5V, 
No  Load 
VS=±15V, 
No  Load 

170 
230 

230 
300 

180 
235 

275 
360 

190 
250 

300 
420 
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OP-21  LOW-POWER  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs=  +  2.5V  to  ±15V,  -55°C  <  TA<  +125°C  for  OP-21A  and  OP-21  B,  -25°C  <  TA 
<+85°Cfor  OP-21E,  OP-21  F  and  OP-21  G,  0°C  <  TA  <  70°C  for  OP-21H,  unless  otherwise  noted. 


OP-21  A/E 

OP-21  B/F 

OP-21  G/H 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

.  MIN 

TYP 

MAX 

UNITS 

Average  Input  Offset 
Voltage  Drift 
(Notes  1.  2) 

TCVos 
TCVosn 

Unnulled 
Nulled 

0.5 

1.0 

1.0 

2.0 

2.5 

<iV/°C 

Input  Offset  Voltage 

Vos 

75 

200 

200 

500 

500 

1000 

fV 

Input  Offset  Currant 

1 03 

VCM  =  0 

— 

0.7 

5 

- 

0.7 

6 

- 

0.8 

8 

nA 

Input  Bias  Current 

>a 

vCM=o 

50 

110 

60 

130 

70 

165 

nA 

Input  Voltage  Range 

IVR 

-14.3/13.2 

-14.3/13.2 

-14.3/13.2 

V 

No  Load. 

Common-Mode 
Rejection  Ratio 

CMRR 

VS  =  ±1SV, 
-14.5V  <VCM 
£  13.2V 

96 

105 

- 

86 

100 

- 

80 

95 

- 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

VS=±2.5V 

to  ±  15V,  No  Load 

4 

10 

6 

18 

18 

57 

»iV/V 

Large-Signal 
Voltage  Gain 

Aw0 

VS=±15V. 

RL=20kn,  Vo=+10V 

500 

1500 

250 

1300 

250 

1000 

V/mV 

Output  Voltage 
Swing 

v0 

VS=+15V, 
RL=20kn 

-13.5/13.8 

-13.5/13.7 

-13.5/13.6 

V 

Supply  Current 

'SY 

VS=±2.5V, 
No  Load 
VS=±15V. 
No  Load 

205 
275 

275 
360 

215 
285 

330 
430 

230 
300 

360 
500 

«A 

NOTES: 

1.  Sample  tested. 

2.  TCV0sn  is  guaranteed  by  unnulled  TCVos  and  device  design. 
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OP-21  LOW-POWER  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS  (125° C  TESTED  DICE  AVAILABLE) 


DIE  SIZE  o.o(>9  ■  0.046  inch,  3174  sq.  mils 
(1.75  X  1.17  mm,  2.05  sq.  mm) 


1.  BALANCE 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  V- 

5.  BALANCE 

6.  OUTPUT 

7.  V  + 

For  additional  DICE  ordering  information,  refer 
to  1988  Data  Book.  Section  2. 


WAFER  TEST  LIMITS  at  Vs=  ±15V,  TA  =  25°C  for  OP-21  N,  OP-21G  and  OP-21GR  devices;  TA  =  125°C  for  OP-21  NT  and 
OP-21  GT  devices,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-21  NT 
LIMIT 

OP-21  N 
LIMIT 

OP-21  GT 
LIMIT 

OP-21  G 

LIMIT 

OP-21  GR 
LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

200 

too 

500 

200 

500 

)iV  MAX 

Input  Offset  Current 

los 

VCM=° 

4 

4 

5 

5 

6 

nA  MAX 

Input  Bias  Current 

'b 

VCM=° 

100 

too 

120 

120 

150 

nA  MAX 

Input  Voltage  Range 

IVR 

-14.3 
+  13.5 

-14.5 
+  13.5 

-14.3 
+  13.5 

-14.5 
+  13.5 

-14.5 
+  13.5 

V  MIN 

Common-Mode 
Rejection  Ratio 

CMRR 

No  Load 
CMVR  =  IVR 

96 

100 

86 

90 

84 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

VS=±2.5V  to±15V 
No  Load 

10 

6 

18 

10 

32 

jiV/V  MAX 

Large-Signal 
Voltage  Gain 

A»0 

RL=  I0kn. 
V0=  ±10V 

500 

1000 

250 

500 

500 

V/mV  MIN 

Output  Voltage  Swing 

v0 

hl=  tokn 

-13.5 
+  13.8 

-13.7 
+  14.0 

-13.5 
+  13.8 

-13.7 
^13.9 

-13.6 
+  13.8 

V  MIN 

Supply  Current 

Isv 

No  Load 

300 

300 

360 

360 

420 

»A  MAX 

NOTES: 

For  25°C  characteristics  of  NT  &  GT  devices,  see  N  &  G  characteristics 
respectively. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  TA=  +25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-21  NT 
TYPICAL 

OP-21  N 

TYPICAL 

OP-21  GT 
TYPICAL 

OP-21  G 
TYPICAL 

OP-21  GR 
TYPICAL 

UNITS 

Average  Input 
Offset  Voltage  Drift 

TCV0S 

Unnulled 

0.5 

0.5 

1 

1 

25 

liV/°C 

Nulled  Input 
Olfset  Voltage  Drift 

TCV0S„ 

Nulled.  R0=  lOkfl 

0.5 

0.5 

1 

1 

2.5 

(iV/°C 

Large-Signal 
Voltage  Gain 

Avo 

RL=  10kn 

2000 

2000 

1500 

1500 

1000 

V/mV 

Slew  Rate 

SR 

RL  =  25kH 
CL=  100pF 

025 

0.25 

0.25 

0.25 

0.25 

V/,iS 

Closed-Loop 
Bandwidth 

BW 

AVCL  =  +1 
R(_  =  10kfl 

600 

600 

600 

600 

600 

kHz 
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OP-21  LOW-POWER  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 
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OP-21  LOW-POWER  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


VOLTAGE  NOISE  DENSITY 
vs  FREQUENCY 


i 


\ 

10         100  lk  10k 

FH6CUEHCV  IHtl 


CURRENT  NOISE  DENSITY 
vs  FREQUENCY 


1 


\ 

V 

10  100  lk  10k 

fflEOUENCV  I  Hi) 


NONINVERTING 
LARGE-SIGNAL  RESPONSE 


NONINVERTING 
SMALL-SIGNAL  RESPONSE 
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Mb  OP- 22 

PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 

(SINGLE  OR  DUAL  SUPPLY! 


Precision  Monolithics  Inc. 


FEATURES 

•  Programmable  Supply  Current   1jiA  to  400/iA 

•  Single  Supply  Operation  +3Vto+30V 

•  Dual  Supply  Operation    ±1.5Vto±1SV 

•  Low  Input  Offset  Voltage    100/iV 

•  Low  Input  Offset  Voltage  Drift    0.75m V/°C 

•  High  Common-Mode  Input  Range  ...  V-  to  V+  (-1.SV) 

•  High  CMRR  and  PSRR    115dB 

•  High  Open-Loop  Gain   1800V/mV 

•  +30V  Input  Overvoltage  Protection 

•  Unity-Gain  Stable 

•  LM4250  PInout  and  Nulling 

GENERAL  DESCRIPTION 

The  OP-22  is  a  monolithic  mlcropower  operational  amplifier 
designed  to  provide  excellent  accuracy  in  high-gain  applica- 
tions. Offsets  are  very  low  which  generally  eliminates  any 
need  for  external  nulling  of  Vos.  The  OP-22  is  internally 
compensated  and  unity-gain  stable.  It  also  features  high 
open-loop  gain,  CMRR,  and  PSRR.  This  assures  good  gain 
accuracy  and  rejection  of  power  supply  variations  even  when 

SIMPLIFIED  SCHEMATIC 


0*  0-  (Ek  > 


-IN  O  \^®* 

♦IN  O — 


used  in  circuits  with  high  closed-loop  gain.  The  low  offsets 
and  high  gain  accuracy  of  the  OP-22  bring  precision  perfor- 
mance to  the  micropower  field. 

The  OP-22  is  a  versatile  op  amp  designed  for  operation  from 
battery  or  solar-cell  power  sources.  Supply  current  is  pro- 
grammable over  a  range  of  1  pA  to  400>A  with  a  single  exter- 
nal resistor.  Input  voltage  range  Is  very  wide  and  extends 
down  to  the  negative  rail,  thus  the  common-mode  input  vol- 
tage range  includes  ground  when  operating  from  a  single 
supply  voltage.  This  ability  to  provide  high  DC  performance 
over  a  wide  input  range  is  particularly  useful  In  single-battery 
applications.  In  addition,  the  OP-22  is  characterized  over  a 
wide  supply  range  of  ±1.5V  to  ±15V,  or  +3V  to  +30V  for 
single  supply. 

The  OP-22  pin-out  and  offset  nulling  are  identical  to  the 
LM42S0  and  many  other  micropower  operational  amplifiers. 
This  functional  commonality  allows  easy  upgrading  of  sys- 
tem performance.  By  selection  of  set  resistor  value,  the 
circuit  designer  can  readily  use  the  OP-22  in  place  of  such 
amplifiers  as  the  LM108,  LM112,  LM42S0,  /iA776,  and  ICL8021 
in  high-gain,  low-frequency  applications. 
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OP-22  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 


Supply  Voltage      ±18V 

Power  Dissipation  (Note  1 )   500mW 

Differential  Input  Voltage  ±30V 

Input  Voltage  Supply  Voltage 

Storage  Temperature  Range 

J  and  Z  Packages   -65°  C  to  + 150°  C 

Operating  Temperature  Range 

OP-22  A  (J  or  Z  package)   -55°C  to  +125°C 

OP-22E,  OP-22F  (J  or Z  package)  ....  -25°Cto+85°C 

OP-22HJ,  OP-22HZ  0°Cto+70°C 

Lead  Temperature  Range  (Soldering,  60  sec)    300° C 

DICE  Junction  Temperature   -65°C  to  +150°C 


NOTES: 

■  1.  See  tebte  (or  maximum  ambient  temperature  rating. 

2.  Absolute  ratingsapply  to  both  DICE  and  packaged  parts,  unless  otherwise 
noted. 


MAXIMUM  AMBIENT 

TEMPERATURE 

DERATE  ABOVE 

V8=±1SV 

MAXIMUM  AMBIENT 

and  Iset  °  10pA 

TEMPERATURE 

TO-99  (J) 

124°  C 

8-Pin  Hermetic  DIP  iZi 

124' C 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1.5V  to  ±15V,  1j<A  <  lSET<  10uA,  TA  =  +25°C,  unless  otherwise  noted. 


OP-22A/E 

OP-22H 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Off  sot  Voltage 

V0S 

100 

300 

— 

200 

500 

400 

1000 

»v 

Input  Offset  Current 

'OS 

vCM=o 

— 

0.2 

1 

0.3 

2 

— 

0.5 

3 

nA 

Input  Bias  Current 

■e> 

ISET=1l^.VcM  =  0 
'SET     '"/"S  VCM  v 

- 

2.6 
19 

5 
30 

- 

3.0 
24 

7.5 
35 

- 

4.0 
30 

10 
50 

nA 

Input  Voltage  Range 

IVR 

V+  =  +5V, 
V-  =  0V. 

0/3.5 

0/3.5 

- 

- 

0/3.5 

— 

- 

V 

VS  =  ±15V 

-15/+ 13.5 

_ 

-15/+13.5 

— 

-15/+13.5 

_ 

Common-Mode 
Rejection  Ratio 

CMRR 
(Note  2) 

VS  =  ±15V 

-15VSVCMS+13.5V 

100 

115 

- 

95 

105 

85 

95 

dB 

Power  Supply 

PSRR 
(Note  2| 

Vs  =  ±1.5Vto±15V; 

Rejection  Ratio 

endV-  =  0V. 

1.8 

6 

6 

18 

10 

32 

)iV/V 

INote  1 1 

V+  =  3Vto30V. 

VS  =  ±15V. 

Iset"1<^. 

1000 

1500 

500 

900 

250 

500 

V/mV 

Large-Signal 

RL=100kn. 

Voltage  Gain 

Avo 

VS  =  ±15V. 

ISET=  10*A. 

1000 

1SO0 

500 

900 

300 

500 

V/mV 

RL-10kn. 

VS  =  ±1.5V. 

ISET=1|/A.  RL=100kHS 

±0.8 

±0.82 

±0.8 

±0.82 

±0.75 

±0.8 

V 

Output  Voltage 

v0 

lSET=10,iA.  RL=10kn. 

Swing 

VS  =  ±15V. 

iSET  °  tfiA.  rl  °  tookn  a 

±14 

±14.2 

±14 

±14.2 

±13.5 

±14 

V 

'set  -  WmA,  rl  - 10kn 

Closed-Loop 
Bandwidth 

BW 

AVCL=+1.0. 
VS  =  ±15V. 

'set  -  fOnA.  RL  =  10kn. 

250 

250 

250 

kHz 

VS  =  ±15V, 

Slew  Rate 

SR 

ISET  =  10)iA. 
RL=10kn. 

0.09 

0.08 

o.oa 

V/ks 

VS  =  ±15V.ISCT=1^A. 

15 

17 

16 

19 

18 

21 

»A 

Supply  Current 

'sv 

Vs  =  ±  15V.  1^=10^. 

150 

170 

160 

190 

ISO 

210 

No  Load 

VS  =  ±1.5V.ISET  =  1*A. 

10.5 

12.5 

14 

16 

17 

20 

MA 

Vs  =  ±1.5V.ISET  =  10(iA. 

105 

125 

140 

160 

170 

200 

NOTES: 

1.  Sample  tested  for  single-supply  operation,  100%  tested  for  dual-supply 
operation. 

2.  Measured  with  Vos  unnulled  and  lSET constant. 
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OP-22  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 


ELECTRICAUCHARACTERISTICSatVs  =  +  1.5Vto±15V.1„A<lsETS10nA.-55',C<TA<  +  125',CforOP-22AJ/AZ,-25,>C 
<Ta,<  +  85°C  for  OP-22EJ/EZ  and  OP-22F2,  and  0°C  <  TA<  +70°C  for  OP-22HZ,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-22A/E 

MIN      TYP  MAX 

MIN 

OP-22F 

TYP 

MAX 

OP-22H 
MIN  TYP 

MAX 

UNITS 

Average  Input 
Offset  Voltage 
Drift  (Note  1 ) 

TCVqs 

Unnulled 

- 

0.75 

1.5 

1.0 

2.0 

- 

1.5 

3.0 

(iV/"C 

Input  Offset  Voltage 

Vos 

175 

400 

- 

350 

600 

500 

1200 

«v 

Input  Offset  Current 

'os 

VCM  =  0 

- 

0.2 

1 

0.3 

2 

- 

0.5 

3 

nA 

Average  Input  Offset 
Current  Drift 

TCI0S 

(Note  1 ) 

2 

10 

— 

3 

15 

5 

25 

pA/*C 

Input  Bias  Current 

'b 

Iset-ImA.Vcm-O 
ISEt=10^A.Vcm  =  0 

2.8 
21 

5 
30 

3.3 
27 

7.5 
35 

4.5 
34 

10 
50 

nA 

Input  voltage 
Range 

IVR 

V+  =  +5V.V-  =  0V 
Vs  =  ±t5V 

0/3.2 
-15/+ 13.2 

.  — 

— 

0/3.2 
-15/+ 13.2 

0/3.2 
-15/+ 13.2 

— 

y 

Common-Modo 
Rejection  Ratio 

CMRR 

(Nolo  3) 

VS  =  ±15V 

-15VSVCU£  +  13.2V 
Iset  =  1cA 
lSET  =  10MA 

SO 
90 

105 
115 

- 

60 
66 

99 

105 

- 

80 
60 

90 
90 

- 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 
(Note  3) 

Vs  =  ±1.5Vto±1SVS 
V-  =  0V. 

V+  =  3V  to  30V  (Note  2) 

- 

3.2 

10 

- 

10 

32 

- 

32 

56 

(iV/V 

Large-Signal 

Avo 

VS  =  ±15V. 

'SET  "*  'M"*  "L  "*  IWKII. 

200 

400 

200 

400 

100 

250 

_ 

V/mV 

Voltage  Gain 

VS  =  ±15V. 

Iset  n  10pA,  R(_  =  10kn. 

500 

1000 

300 

750 

150 

300 

V/mV 

Output  Voltage 

Vo 

VS  =  ±1.5V. 

Iset-IiiA.  RL=100kfl6 
lSET=10„A.RL=10ka 

toes 

±0.75 

±0.65 

±0.75 

±0.6 

±0.7 

V 

Swing 

Vs  =  ±15V. 

lSET=1nA.RL=100kn*. 
lSET=tO|iA.  RL=10ka 

±13.6 

±13.8 

±13.6 

±13.8 

±13.0 

±13.5 

V 

Supply  Current 

'3Y 

Vs=±1SV,lSET=1<jA. 
VS  =  ±1SV,ISET=10(^. 

18 

160 

18 
180 

17 
170 

20 
200 

20 
200 

25 
250 

("A 

No  Load 

>fe«+1.SV.ISET=1|iA. 
>b-±1.5V.I8ET-'10tlA. 

12 
120 

14 
140 

15 
150 

18 
160 

19 
190 

25 
250 

pA 

3 

m 
} — i 

< 

l-l 

I 

o 

I 

s 


NOTES: 

1.  Sample  tested. 
2-  Vcm  =  15v 


3.  Measured  with  Vgs  unrtulted  and  Iset  constant. 


ORDERING  INFORMATION! 


PIN  CONNECTIONS 


PACKAGE 


TA  =  25*C 

HERMETIC 

OPERATING 

Vos  MAX 

TO-99 

DIP 

TEMPERATURE 

(fV) 

8-PIN 

8-PIN 

RANGE 

300 

OP22AJ- 

OP22AZ* 

MIL 

300 

OP22EJ 

OP22EZ 

IND 

500 

OP22FZ 

IND 

1000 

OP22HZ 

COM 

*  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  alter 
part  number.  Consult  factory  for  883  data  sheet. 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  In 
cerdtp,  plastic  dtp.  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book.  Section  2. 


*  NOTE:  00  KOI  SHORT  PIN  8  TO  V-  OR  GROUND. 
SEE  APPLICATIONS  INFORMATION. 


6AL  fT    •  7]  lSET» 

-INfT-jS.  T]v. 

♦in  fT  -\y^-  TJ  out 

V-  [T  TJ  BAl 


8-PIN  HERMETIC  DIP 
(Z-Sufftx) 
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OP-22  PROGRAMMABLE  MICHOPOWER  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS 


1.  BALANCE 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  V- 

5.  BALANCE 

6.  OUTPUT 

7.  V+ 

8.  IgET 


□  IE  SIZE  0.070  X  0.050  Inch,  3500  sq.  mils  For  additional  DICE  ordering  information,  refer 

(1.78  X  1.27  mm,  2.26  sq.  mm)  lo  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  VS  =  ±1.5V  to  ±  15V,  1/jA<  lSET<  10^A.  TA  =  25°C. 

unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

OP-22N 
LIMIT 

OP-22G 
LIMIT 

OP-22GR 
LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

300 

500 

1000 

jjVMAX 

Input  Offset  Current 

'os 

(Note  1) 

1 

2 

3 

nA  MAX 

Input  Bias  Current 

Id 

'SET=;^   (Note  11 

5 
30 

7.5 
35 

10 
50 

nA  MAX 

Input  Voltage  Range 

IVR 

V+  =  +5V,  V-  =  0V 
VS=±15V 

0/3.5 
-15/+ 13.5 

0/3.5 
-15/+ 13.5 

0/3.5 
-15/+ 13.5 

VMIN 

Common-Mode 
Rejection  Ratio 

CMRR 

Vs  =  ±  15V. -15V  <Vcui  + 13.5V 
(Note  2) 

100 

95 

85 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

VS=±1.5V  to±15V 

V-  =  0V,  V+  =  3V  to  30V  ( Note  2) 

6 

18 

32 

pV/V  MIN 

Large-Signal 

Avo 

VS  =  ±15V, 

Iset=1/jA.  RL=100kn. 

1000 

5O0 

250 

V/mV  MIN 

Voltage  Gain 

VS  =  ±15V. 

ISET  =  10nA,  RL=  10kll. 

1000 

500 

300 

V/nW  MIN 

Output  Voltage 

Vo 

VS=±1.5V. 

ISET=  1mA.  Rl  =  100k(]  & 
lSET-  10)iA,  RL=  10kll. 

±0.8 

±0.8 

±0.75 

VMIN 

Swing 

VS=±15V. 

ISET=  1pA.  RL-  lOCkll  & 
lSET=10^A.  RL=10kfl. 

±14 

±14 

±13.5 

V  MIN 

Supply  Current 

'SY 

VS  =  ±15V.  ISET=  1,,A. 
VS=±15V.  ISET=10„A. 

17 
170 

19 
190 

21 
210 

,iA  MAX 

No  Load 

VS  =  ±1.5V.  ISET=1WA. 
VS  =  ±1.5V.  ISET=10„A. 

12.5 
125 

16 
160 

20 
200 

uA  MAX 

NOTES: 
1   vCM  =  o 

2.   Measured  with  Vos  unnulled  and  lsEj  held  constant. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  = 

noted. 

±1.5V  to  ±15V,  VA  <  lSET<  10;iA,  TA  = 

+  25°C.  unless  otherwise 

PARAMETER 

SYMBOL 

CONDITIONS 

OP-22N 
TYPICAL 

OP-22G 
TYPICAL 

OP-22GR 
TYPICAL 

UNITS 

Average  Input 
Offset  Voltage  Drift 

TCV0S 

Unnulled 

1.0 

1.5 

2.5 

jiV/°C 

Large-Signal 
Voltage  Gain 

Avo 

VS  =  ±15V 

lSET=  1»A  RL=  100ktl  & 
lSET=  10(iA,  RL=  10kfl 

1800 

900 

500 

V/mV 

5-132 


8/87,  Rev.  B 


-iPMI> 


OP-22  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


SET  CURRENT 
vs  SET  RESISTOR 


3 

£10 


■  1 

A -arc  M 1IL 

II  1  III! 

Vs-itBV 

Vs-t16V 

:nSETTOv 

£1.5 
TTO 

V 
GN 

0 

BS£TTOV- 

Ttrirr 

SUPPLY  CURRENT 
vs  SET  CURRENT 


10k        100k        1M         10M  tOOM 
SET  RESISTOR  ml 


BIAS  CURRENT 
vs  SET  CURRENT 


SET  CURRENT  (*AI 


SET  CURRENT  (>A) 


OFFSET  CURRENT 
vs  SET  CURRENT 


Vs*t1£VTOll5V 
Ta-25-C 

OFFSET  VOLTAGE 
vs  SET  CURRENT 


-  US' 

— -« 

- 

26*^ 

-66*3 

1- 

5 

♦  ^ 

POWER  SUPPLY  REJECTION 
vs  SET  CURRENT 


EAT 

I  1 

is- 

— 1 

3V 

-i 

T<3 

IT 
31 

TTT 

1 

A 

- 

rs 

•c 

■ 

■ 

FAT 

/s- 

3V 

T( 

3C 

W 

E  AT  Vs  -HJW  TO  IK 

V 

F  AT  Vg  ■  il.SV  TO  tt 

>v 

HAT 

Tl 

3  si 

5V 

T 

SET  CURRENT  UAI 


SET  CURRENT  0>A) 


SET  CURRENT  tpA) 


COMMON-MODE  REJECTION 
vs  SET  CURRENT 


PHASE  MARGIN 
vs  SET  CURRENT 


1  1 

?*" 

1      1  | 
ttSV 

"TA- 

SLEW  RATE 
vs  SET  CURRENT 


SET  CURRENT  &/A) 


SET  CURRENT  l*A! 


SET  CURRENT  IhA) 


S-133 


8/87,  Rev.  B 


OP-22  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


GAIN-BANDWIDTH  PRODUCT  OPEN-LOOP  GAIN  FREQUENCY  RESPONSE 

vs  SET  CURRENT  vs  SET  CURRENT  vs  SET  CURRENT 


0.1  1  to  too  1  10  tOO  10  tOO  Ik          10k         100k  1M 

SET  CURRENT  („A)  SET  CURRENT  (pAI  FREQUENCY  (Hi) 


CLOSED-LOOP 
FREQUENCY  RESPONSE 


g  40 
o 

<  20 


'set  * 

-VS-1I 

QfiA 

5V   

C 

POWER  SUPPLY  REJECTION 
vs  FREQUENCY 


180 

140 

120 

100 

K 

a. 

80 

60 

40 

20 

0 

1 

Vs-  t15V 

-  '5*1 

WIVE 

MEG/ 

COMMON-MODE  REJECTION 
vs  FREQUENCY 


1 

vs  - S1SV 

'SET 

FREQUENCY  (Mil 


FREQUENCY  (Kl) 


FREQUENCY  (Hi) 


PEAK-TO-PEAK 
OUTPUT  SWING 
vs  LOAD  RESISTANCE 


MAXIMUM  OUTPUT  CURRENT 
vs  SET  CURRENT  AT 
Vs=±15V,+5  AND  ±1.5 


-TA-2S-C 

— r— i 

+15-\ 

♦1 

a 

►5 -J 

- 

M-16 

VOLTAGE  NOISE 
vs  FREQUENCY 


tOk  tOOk 
LOAD  RESISTANCE  ln> 


SET  CURRENT  IpM 


FREQUENCY  (Hi) 
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OP-22  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


SMALL-SIGNAL  SMALL-SIGNAL  SMALL-SIGNAL 

TRANSIENT  RESPONSE  TRANSIENT  RESPONSE  TRANSIENT  RESPONSE 
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PMI> 


OP-22  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


SMALL-SIGNAL 
TRANSIENT  RESPONSE 


SMALL-SIGNAL 
TRANSIENT  RESPONSE 


SMALL-SIGNAL 
TRANSIENT  RESPONSE 


APPLICATIONS  INFORMATION 

OP-22  series  units  may  be  inserted  directly  into  LM4250, 
pA776  and  ICL8021  sockets  with  or  without  removal  of 
external  nulling  components.  The  value  of  set  resistor  for  a 
given  supply  current  varies  between  types  and  the  manufac- 
turer's data  sheets  should  be  consulted  for  this  information. 
Table  1  compares  set  resistor  values  for  the  OP-22  and  the 
LM4250.  (RSET connected  to  V-). 

TABLE  1 

Supply  Current  vs.  Set  Resistor  for  OP-22  and  LM4250 


■SY  = 

1<VA 

ISY  = 

30jiA 

lSY  = 

100mA 

VSUPPLY 

OP-22 

LM4250 

OP-22 

LM4250 

OP-22 

LM4250 

±1.5V 

2.2MD 

1.3Mn 

680k(l 

430k  n 

220kO 

120kil 

±3.0V 

6  8MD 

2.7MO 

2.2MD 

giokfi 

680k  [] 

270kn 

tS.OV 

13Mfl 

47MD 

4.3Mfl 

1.5MO 

i.3Mn 

470kf) 

±12V 

33Mfl 

12Mfl 

11Mf) 

3.9Mfl 

3.3MO 

1.2Mfl 

r15V 

43M(1 

15MO 

15MO 

s.iMn 

4.3MI1 

i.swn 

'set 

0.67,iA 

1.8jiA 

2.0*iA 

6.0pA 

6.7MA 

20uA 

SET-RESISTOR  SELECTION 

The  value  of  set  resistor  for  selected  supply  current  may  be 
calculated  using  the  "Supply  current  vs.  Set  current"  curve 
and  the  formula; 


1SET: 


(Vsupply~2Vbe) 
'set 


Alternatively,  the  "Supply  Current  vs.  Set  Currenf'graph  may 
be  used  In  conjunction  with  the  "Set  Current  vs.  Set  Resistor" 
graph.  Vsupply  in  formula  (1)  refers  to  the  total  supply 
voltage  with  Rset  connected  between  pin  8  and  negative 
supply.  Rset  may  be  connected  to  ground  in  which  case 
vsupply  in  (1 )  is  the  positive  supply. 


Biasing  the  OP-22  with  a  fixed  resistor  produces  a  supply 
current  approximately  proportional  to  supply  voltage.  In 
applications  where  a  constant  drain  is  required  with  varying 
supply,  Rset  can  be  replaced  by  current  generators.  Two 
suggested  arrangements  are  shown  below: 


CAUTION:  Shorting  of  pin  8  to  negative  supply  or  ground 
will  cause  excessive  lSET  which  in  turn  will  cause  excessive 
supply  current  to  flow.  ISET  should  always  be  limited. 
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OP-22  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 


OFFSET  VOLTAGE  ADJUSTMENT 

The  offset  voltage  can  be  trimmed  to  zero  using  a  100kfl 
potentiometer  (see  offset  nulling  circuit).  Adjustment  range 
is  approximately  ±5mV.  Resolution  of  the  nulling  can  be 
increased  by  using  a  smaller  pot  in  conjunction  with  fixed 
resistors  as  shown  below. 


r 


3»n 


This  arrangement  has  a  ±500>V  adjustment  range.  Offset 
nulling  of  the  OP-22  has  negligible  effect  on  the  value  of 
TCV0S. 


OFFSET  NULLING  CIRCUIT 


BURN-IN  CIRCUIT* 


APPLICATIONS  CIRCUITS 

A  micropower  bandgap  voltage  reference  operating  at  a 
quiescent  current  of  15jkA  may  be  constructed  using  an  OP- 
22  and  a  MAT-01  dual  transistor  (see  Figure  1).  The  circuit 
provides  a  1.23V  reference  with  better  performance  than 
micropower  I.C.  shunt  regulators  and  has  the  advantages  of 
being  a  series  regulator. 

MICROPOWER  1.23  VOLT  BANDGAP  REFERENCE 


DUAL 

TRANSISTOR 
*  I40M1  1%  MAT-01GH 


DSET 
ZOkH  OUTPUT 
VOLTAGE 


QUIESCENT  CURRENT,  16kA  AT  5V  INCREASING  TO  ZOjiA  AT  10V. 

OUTPUT  VOLTAGE  TEMPERATURE  COEFFICIENT  (OVER  If  TO  70*01.  20»ixn/°C  TYP. 

LINE  REGULATION.  0.01%/VOLT. 

LOAD  REGULATION.  0.001%/mA. 


Figure  1 


GATED  MICROPOWER  AMPLIFIER 


470.F  ,„,„ 

HI  *w- 


*5V  CMOS  GATE 
COMPATIBLE 
INPUT 


Figure  2 


'Other  circuits  may  apply  at  PMI's  discretion. 
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MICROPOWER  INSTRUMENTATION  AMPLIFIER  -  POWER  DRAIN  <  3mW  WITH  ±5  VOLT  SUPPLIES 


MAXIMUM 
OOUTWJT  *3V 
RL  >  30kfl 


VOLTAGE  GA1N-& 


INPUT  BIAS  CURRENT  <  lOnA 
CMRR  >  tOCMB  0  6OK1 
PSRR  >  7KB 
TC  VOS  <  0-2ii V/'C 
NONLINEARITV<0.001« 
IAy-5001 


Figure  3 


In  Figure  2,  the  OP-22  is  used  as  a  gated  amplifier  where 
power  consumption  and  bandwidth  are  controllable.  Rs  can 
be  selected  for  a  specific  lower-power  operation  or  omitted 
so  the  amplifier  can  be  completely  shut  down. 

A  micropower  Instrumentation  amplifier  that  consumes  less 
than  3mW  with  ±5V  supplies  Is  shown  In  Figure  3.  Offset 
voltage  drift  is  less  than  0.2pV/sC  and  common-mode 
input  range  is  ±3V  with  CMRR  of  over  100dB  at  60Hz. 

Process  control  systems  use  two-wire  4-20m  A  current  trans- 
mitters when  sending  analog  signals  through  noisy  environ- 
ments. The  "zero"  or  "offset"  current  of  4mA  may  be  used  to 
power  the  transmitter  signal  conditioning  amplifiers  and/or 
excite  a  d.c.  transducer.  This  allows  remote  signal  condition- 
ing without  having  a  remote  power  source.  Power  is  provided 
at  the  receiving  end  where  the  signal  current  is  monitored  by 
a  precision  50fl  resistor.  The  4-20mA  transmitter  shown  in 
Figure  4  has  high  stability,  excellent  linearity,  and  generates 
the  4-20mA  current  output.  A  SV  reference  is  available  for 
powering  transducers  and  micropower  amplifiers  at  a  maxi- 
mum current  of  2mA. 


TWO  TERMINAL  4-2CmA  TRANSMITTER 


«S  VOLT 
REFERENCE 
!mA  MAX. 
0 


turn 
— \w- 


SIQNAL 
SOURCE 
0-10CtnV 


B0U11X 
— Wv— 


Figure  4 


COMPLIANCE  „  10  VOLT  TO  «  VOLT 

LINEARITY     0.002*  OF  SPAN 

LINE  REJECTION.  OFFSET  0.002WOLT 

SPAN    0.00SWOLT 

TEMPERATURE  COEFFICIENTS,  OFFSET  0.002X/°C 

l-2S*C  TO  «BS"C>  SPAN  O.OOlWC 
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 pj^J^  op-22  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 

MICROPOWER  WIEN-BRIOGE  OSCILLATOR  (Pd  <  500uW) 


5BJ0Mi<min  < 


~300pf<imq  <mn 


600M1        *  200U1 
■AV  — /VV^-  —  ' 


W0M1 
SET 
OUTPUT 


.    THD  <0.5%AT  VOUT  •  3V  p-p 


A1-OP-22 
01. 02  -  1N914 


Figure  5 


MICROPOWER  5  VOLT  REGULATOR 


Figure  6 


QUIESCENT  CURRENT  *  50*A  AT  9V 
LOAO  REGULATION.  0.001%  /mA 
LINE  REGULATION.  0.01%/  VOLT 

TEMPERATURE  COEFFICIENT.  40ppm  l"C  l-2S9C  TO  *SSXI 


+6.SV  <  V|N  <  *30V 


A1.  A2  -  OP-22. 01  -  2N2222 

01.  D2  -  MAT -01  OR  MATCHED  DIODES 


Figure  5  shows  a  micropower  Wien-bridge  oscillator 
designed  lor  battery-powered  instrumentation.  Output  level 
is  controlled  by  nonlinear  elements  01  and  D2.  When 
adjusted  for3V  p-p  output,  the  distortion  level  is  below  0.5% 
at  1kHz. 

The  5  volt  regulator  in  Figure  6  is  intended  for  Instrumenta- 
tion requiring  good  power  efficiency.  Low-power  3-terminal 


IC  regulators  typically  draw  2mA  to  5mA  quiescent  current 
compared  to  only  50/uA  with  this  discrete  implementation. 
Maximum  load  current  is  10mA  as  shown,  and  can  be 
increased  by  changing  Q1  to  a  power  transistor  and  propor- 
tionately increasing  the  set  current  of  A2. 
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PMI) 


Precision  Monolithics  Inc. 


OP-27 

LOW-NOISE  PRECISION 
OPERATIONAL  AMPLIFIER 


FEATURES 

•  Low  Noise  80nVp.p  (0.1Hz  to  10Hz) 

 3nV/vTir 

•  Low  Drift    0.2/jV/°C 

•  High  Speed  ZBV/fis  Slew  Rate 

 8MHz  Gain  Bandwidth 

•  Low  Vos   10/iV 

•  Excellent  CMRR    126dB  at  VCM  of  ±11V 

•  High  Open-Loop  Gain   1.8  Million 

•  Fits  725,  OP-07,  OP-05,  ADS10,  A0517,  SS34A  sockets 

ORDERING  INFORMATIONf 

PACKAGE 

TA=2S°C  HERMETIC  HERMETIC  PLASTIC  OPERATING 
V0SMAX       TO-99  DIP  DIP  TEMPERATURE 

(pV)  9-PIN  8-PIN         8-PIN  LCC  RANGE 

25  0P27AJ-  OP27AZ-  -  -  MIL 

25  OP27EJ  OP27EZ  OP27EP  -  IND/COM 

60  OP27BJ'  OP27BZ-  -  OP27BRC/B63  MIL 

60  OP27FJ  OP27FZ  OP27FP  -  IND/COM 

100  0P27CJ  OP27CZ  -  -  MIL 

100  0P27GJ  0P27GZ  OP27GP  -  INO/COM 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /833  after 
part  number.  Consult  lactory  for  863  data  sheet. 

tBurn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1388 
Data  Book,  Section  2. 

GENERAL  DESCRIPTION 

The  OP-27  precision  operational  amplifier  combines  the  low 
offset  and  drift  of  the  OP-07  with  both  high-speed  and  low- 
noise.  Offsets  down  to  25^V  and  drift  of  0.6^/°  C  maximum 
make  the  OP-27  ideal  for  precision  instrumentation  applica- 
tions. Exceptionally  low  noise,  e„  =  3.5nV/\/  Hz  ,  at  10Hz,  a 
low  1/f  noise  corner  frequency  of  2.7Hz,  and  high  gain  (1.8 
million),  allow  accurate  high-gain  amplification  of  low-level 
signals.  A  gain-bandwidth  product  of  8MHz  and  a  2.8V/usec 
slew  rate  provides  excellent  dynamic  accuracy  in  high-speed 
data-acquisition  systems. 


A  low  input  bias  current  of  ±10nA  is  achieved  by  use  of  a 
bias-current-cancellation  circuit.  Over  the  military  temper- 
ature range,  this  circuit  typically  holds  lB  and  los  to  ±20nA 
and  1SnA  respectively. 

The  output  stage  has  good  load  driving  capability.  A  guaran- 
teed swing  of  ±  10  V  into  60011  and  low  output  distortion  make 
the  OP-27  an  excellent  choice  for  professional  audio  applica- 
tions. 

PSRR  and  CMRR  exceed  120dB.  These  characteristics, 
coupled  with  long-term  drift  of  0.2pV/month,  allow  the  circuit 
designer  to  achieve  performance  levels  previously  attained 
only  by  discrete  designs. 

PIN  CONNECTIONS 


BAlfT 
-INfT 
♦IN  fT 

v-rr 


7]  8AL 
21 V. 
^  OUT 

T}n.c. 


TO-99 
(J-Sulfix) 


o  3  o  5  u 

z  o  z  o  z 

<LiJLdUHbilS 
n.c,  «]  rj;  n.c. 

-IN  7]  fjr  V» 

N.a  JJ  [w  tijc 

+1N  3  BE  001 

N.a  3  IE  N-c- 

6  i  o  o  6 


8-PIN  HERMETIC  DIP 
(Z-Sutfix) 
EPOXY  MINI-DIP 
(P-Suffix) 


OP-27BRC/883 
LCC  PACKAGE 
(RC-Suffix) 


SIMPLIFIED  SCHEMATIC 


NON- 
INVERTING 
INPUT  t*) 


1  I 


5 


I 


•  R1  ft  KZ  ARE  PERMANENTLY  ADJUST  CD 
AT  WAFER  TEST  FOR  MINIMUM 
OFFSET  VOLTAGE. 


HI  Oil 
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OP-27  LOW-NOISE  PRECISION  OPERATIONAL  AMPLIFIER 


Low  cost,  high-volume  production  of  OP-27  is  achieved  by 
using  an  on-chip  zener-zap  trimming  network.  This  reliable 
and  stable  offset  trimming  scheme  has  proved  its  effective- 
ness over  many  years  of  production  history. 

The  OP-27  provides  excellent  performance  in  low-noise 
high-accuracy  amplification  of  low-level  signals.  Applica- 
tions include  stable  integrators,  precision  summing  ampli- 
fiers, precision  voltage-threshold  detectors,  comparators, 
and  professional  audio  circuits  such  as  tape-head  and 
microphone  preamplifiers. 

The  OP-27  isa  direct  replacement  for  725,  OP-06,  OP-07  and 
OP-05  amplifiers;  741  types  may  be  directly  replaced  by 
removing  the  741  's  nulling  potentiometer. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  4) 


Supply  Voltage  ±22V 

Internal  Power  Dissipation  (Note  1)    SOOmW 

Input  Voltage  (Note  3)   ±22V 

Output  Short-Circuit  Duration   Indefinite 

Differential  Input  Voltage  (Note  2)    ±0.7V 

Differential  Input  Current  (Note  2)    ±25mA 

Storage  Temperature  Range   -f^C  to +150"C 


Operating  Temperature  Range 
OP-27A.OP-27B,  OP-27C(J,  Z,  RC)  . . . .  -55oCt0  +  125°C 

OP-27E,  OP-27F,  OP-27G  (J,  Z)   -25"  C  to  +85°  C 

OP-27E,  OP-27F,  OP-27G  (P)   0°C  to  +7VC 

Lead  Temperature  Range  (Soldering,  60  sec)    300° C 

DICE  Junction  Temperature   -65"  C  to  +  150"C 


NOTES: 

1.  See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 


PACKAGE  TYPE 

MAXIMUM  AMBIENT 
TEMPERATURE 
FOR  RATING 

DERATE  ABOVE 
MAXIMUM  AMBIENT 
TEMPERATURE 

TO-99  (Jl 

eo"c 

7.1mW/"C 

8-Pin  Hermetic  DIP  (Z) 

75°C 

6.7mW/"C 

8-Pin  Plastic  DIP  |P) 

62"C 

5.6mW/"C 

LCC 

BO'C 

7.8mw/*C 

2.  The  OP-27's  inputs  are  protected  by  back-to-back  diodes.  Current  limiting 
resistors  are  not  used  in  order  to  achieve  low  noise.  If  differential  input 
voltage  exceeds  ±0.7V.  the  input  current  should  be  limited  to  25mA. 

3.  For  supply  voltages  less  than  ±22V,  the  absolute  maximum  Input  voltage  is 
equal  to  the  supply  voltage. 

4.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25°  C,  unless  otherwise  noted. 


OP-27A/E 

OP-27B/F 

OP-27C/G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP  1 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

(Note  1 ) 

10 

25 

20 

60 

30 

100 

*v 

Long-Term  Vos 
Stability 

vos/Tlme 

INotes  2.  31 

0.2 

1.0 

0.3 

1.5 

0.4 

2.0 

pV/Mo 

Input  Offset  Current 

'OS 

7 

35 

9 

SO 

12 

75 

nA 

Input  Bias  Current 

<B 

±10 

±40 

±12 

±55 

±15 

±80 

nA 

Input  Noise  Voltage 

enp-p 

0.1Hz  to  10Hz 
(Notes  3,  51 

0.06 

0.18 

0.08 

0.18 

0.09 

0.25 

nVp-p 

Input  Noise 
Voltage  Density 

«n 

lo-10Hz(Note3> 
f0  -  30Hz  (Note  31 
(0  -  tOOOHz  (Note  31 

3.5 
3.1 
3.0 

5.5 
4.5 
3.8 

3.5 
3.1 
3.0 

55 
4.5 

3.8 

3.8 
3.3 
3.2 

8.0 
56 
4.5 

nV/v/TnT 

Input  Noise 
Current  Density 

'n 

f0=  10HJ  (Notes  3.61 
f0  =  30Hz  (Notes  3. 61 
f0=  1000Hz  (Notes  3,  6l 

1.7 
1.0 
0.4 

4.0 
2.3 
0.6 

1.7 
1.0 
0.4 

4.0 

2.3 
0.6 

1.7 
1.0 
0.4 

0.6 

PA/n/hT 

Input  Resistance  — 
Differential-Mode 

RIN 

(Note  7 1 

1.3 

6 

0.94 

5 

0.7 

4 

Mil 

Input  Resistance  — 
Common-Mode 

RINCM 

3 

2.5 

2 

Gil 

Input  voltage  Range 

IVR 

±11.0 

±12.3 

±11.0 

±12.3 

±11.0 

±12.3 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±11V 

114 

126 

106 

123 

100 

120 

dB 

Power  Supply 
Relection  Ratio 

PSRR 

Vs  =  14V  to  ±  18V 

1 

10 

1 

10 

2 

20 

jiV/V 

Large-Signal 

RL2  2kll.  Vo  =  ±10V 

1000 

1800 

1000 

1600 

700 

1SO0 

V/mV 

Voltage  Gain 

AVO 

RL  £  60011.  VQ=±  10V 

600 

1500 

600 

1500 

600 

1500 

Output  Voltage 

Vo 

RL>ikn 

±12.0 

±13.8 

±12.0 

±13.8 

±11.5 

±13.5 

V 

Swing 

RL>  600(1 

±10.0 

±11.5 

±10.0 

±11.5 

±10.0 

±11.5 

Stew  Rate 

SR 

RL  2  ikll  (Note  4) 

1.7 

2.6 

1.7 

2.8 

1.7 

2.8 

V/|iS 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25°C.  unless  otherwise  noted.  (Continued) 


PARAMETER  SYMBOL 

CONDITIONS 

MIN 

OP-27 A/E 

TYP 

MAX 

OP-27B/F 

MIN       TYP  MAX 

MIN 

OP-27C/G 
typ  MAX 

UNITS 

Gain  Bandwidth  Prod.  GBW 

(Note  4} 

5.0 

8.0 

5.0         8.0  - 

5.0 

8.0 

MHz 

Open-Loop  Output  R 
Rosistance  0 

Vo  =  0.lo  =  0 

70 

-          70  - 

70 

n 

Power  Consumption 

Vo 

90 

140 

—          90    .  140 

100 

170 

mW 

Offset  Ad|ustment 
Range 

Rp  =  Idkll 

±4.0 

—       ±4.0  — 

±4.0 

mv 

NOTES: 

1.  Input  offset  voltage  measurements  are  performed  -  0.5  seconds  after 
application  of  power.  A/E  grades  guaranteed  fully  warmed-up. 

2.  Long-term  Input  offset  voltage  stability  refers  to  the  average  trend  line  of 
V0s  vs.  Time  over  extended  periods  after  the  first  30  days  of  operation. 
Excluding  the  Initial  hour  of  operation,  changes  In  Vos  during  the  first  30 


days  are  typically  2.5«V  —  refer  to  typical  performance  curve. 

3.  Sample  tested. 

4.  Guaranteed  by  design. 

5.  See  test  circuit  and  frequency  response  curve  for  0.1  Hz  to  10Hz  tester. 

6.  See  test  circuit  for  current  noise  measurement. 

7.  Guaranteed  by  input  bias  current. 


ELECTRICAL  CHARACTERISTICS  for  Vs  =  ±15V,  -55°  C  <  TA<  +125°  C,  unless  otherwise  noted. 


OP-27A 

OP-27B 

OP-27C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

(Note  11 

30 

60 

50 

200 

70 

300 

MV 

Average  Input 
OHset  Drift 

TCV0S 
TCV0S„ 

(Note  2| 
(Note  3) 

0.2 

0.6 

0.3 

1.3 

0.4 

1.8 

»wc 

Input  Offset  Current 

los 

15 

50 

22 

as 

30 

135 

nA 

Input  Bias  Current 

>B 

±20 

±60 

±28 

±95 

±35 

±150 

nA 

Input  Voltage  Range 

IVR 

±10.3 

±11.5 

±10.3 

±11.5 

±10.2 

±11.5 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM=±10V 

108 

122 

100 

119 

94 

lie 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±45Vto±18V 

2 

16 

2 

20 

4 

51 

(iV/V 

Large-Signal 
Voltage  Gain 

Ayo 

RLa2kn.v0=±iov 

600 

1200 

500 

1000 

300 

800 

V/mV 

Output  Voltage 
Swing 

v0 

RL2  2kn 

±11.5 

±13.5 

±11.0 

±13.2 

±10.5 

±13.0 

V 

ELECTRICAL  CHARACTERISTICS  for  Vs  =  ±  15V,  -25°  C  <  TA  <  +85°  C  for  OP-27  J  and  OP-27Z.  0°  C  <  TA  <  +70°  C  for 

OP-27P,  unless  otherwise  noted. 

OP-27E 

OP-27F 

OP-27G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

20 

50 

40 

140 

55 

220 

pV 

Average  Input 
Offset  Drift 

TCVqs 
TCVOSn 

(Note  2) 
(Note  3) 

0.2 

0.6 

0.3 

1.3 

0.4 

1.8 

?vrc 

Input  Offset  Current 

<OS 

10 

50 

14 

85 

20 

135 

nA 

Input  Bias  Current 

>B 

±14 

±60 

±18 

±95 

±25 

±150 

nA 

Input  Voltage  Range 

IVR 

±10.5 

±11.8 

±10.5 

±11.8 

±10.5 

±11.8 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±10V 

110 

124 

102 

121 

98 

118 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±4.5Vto±18V 

2 

15 

2 

16 

2 

32 

dV/V 

Large-Signal 
Voltage  Gain 

Avo 

RLS2l<n.Vo=±10V 

750 

1500 

700 

1300 

450 

1000 

V/mV 

Output  Voltage 
Swing 

Vo 

RL>2kfl 

±11.7 

±13.6 

±11.4 

±13.5 

±11.0 

±13.3 

V 

NOTES: 

1.  Input  offset  voltage  measurements  are  performed  by  automated  test 
equipment  approximately  0.5  seconds  after  application  of  power.  A/E 
grades  guaranteed  fully  warmed-up. 


2.  The  TCVos  performance  is  within  the  specifications  unnulled  or  when 
nulled  with  RP  =  Bkn  to  201(0.  TCV0S  Is  100%  tested  for  A/E  grades, 
sample  tested  for  B/C/F/G  grades. 

3.  Guaranteed  by  design. 
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DICE  CHARACTERISTICS 


1.  NULL 

2.  (-)  INPUT 

3.  (  I )  INPUT 

4.  V- 

6.  OUTPUT 

7.  V  I 

8.  NULL 

For  additional  DICE  ordering  information,  refer 


DIE  SIZE  0.109  x  0.055  inch,  5995  sq.  mils  to  1988  Data  Book,  Section  2. 

(2.77  X  1.40mm,  3.88  sq.  mm) 


WAFER  TEST  LIMITS  at  Vs  =  ±15V,  TA  =  25°C  for  OP-27N,  OP-27G.  and  OP-27GR  devices;  TA=  125°C  (or  OP-27NT  and 
OP-27GT  devices,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-27NT 
LIMIT 

OP-27N 
LIMIT 

OP-27GT 

LIMIT 

OP-27G 

LIMIT 

OP-27GR 
LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

(Note  1) 

60 

35 

200 

60 

100 

»V  MAX 

Input  Offset  Current 

'os 

50 

35 

65 

50 

75 

nA  MAX 

Input  Bias  Current 

>B 

±60 

±40 

±95 

±55 

±80 

nA  MAX 

Input  Voltage  Range 

IVR 

±10.3 

±11 

±10.3 

±11 

±11 

V  MIN 

Common-Mode 
Rejection  Ratio 

CMRR 

108 

114 

100 

106 

100 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±4Vto±1BV 

10 

10 

20 

,iWV  MAX 

Large-Signal 
Voltage  Gain 

Avo 

RL>2kll.  Vo=±10V 
RL  >  60011,  VQ  =  ±  10V 

600 

1000 
BOO 

500 

1000 
800 

700 
600 

V/mV  MIN 

Output  Voltage  Swing 

v0 

RL£2kfl 
RL>600f! 

±11.5 

±12.0 
±10.0 

±11.0 

±12.0 
+  10.0 

±11.5 
±10.0 

V  MIN 

Power  Consumption 

Pd 

Vo  =  0 

140 

140 

170 

mW  MAX 

MOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Oue  to  variations  in  assembly  methods  and  normal  yiold  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  VS  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted. 


OP-27N 

OP-27G 

OP-27GR 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

TYPICAL 

TYPICAL 

UNITS 

Average  Input  Offset 
Voltage  Drift 

TCV0S  or 
TCVos„ 

Nulled  or  Unnulled 
Rp=8knto20kfl 

0.2 

0.3 

0.4 

,iV/°C 

Average  Input  Offset 
Current  Drift 

TCI0S 

80 

130 

160 

pA/°C 

Average  Input  Bias 
Current  Drift 

TCIu 

100 

160 

200 

pA/°C 

Input  Noise 
Voltage  Density 

fo=10Hz 
lo=30Hz 
f0=  1000Hz 

3.5 
3.1 
3.0 

3.5 
3.1 

3.0 

3.8 
3.3 
3.2 

nV/v^Hz" 

Input  Noise 
Current  Density 

In 

f0-  10Hz 
l0-  30Hz 
f0«  1000Hz 

1.7 
1.0 
0.4 

1.7 
1.0 
0.4 

1.7 
1.0 
0.4 

Input  Noise  Voltage 

<Wp 

0.1Hz  to  10Hz 

0.08 

0.08 

0.09 

<"Vp-p 

Slew  Rate 

SR 

RL5  2kll 

2.8 

2.8 

2.8 

V/ps 

Gain  Bandwidth  Product 

GBW 

8 

8 

8 

MHz 

NOTE: 

1.   Input  offset  voltage  measurements  are  performed  by  automated  test 
equipment  approximately  0.5  seconds  after  application  of  power. 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


0.1Hz  TO  lOHz^  NOISE  TESTER 
FREQUENCY  RESPONSE 


VOLTAGE  NOISE  DENSITY 
vs  FREQUENCY 


A  COMPARISON  OF 
OP  AMP  VOLTAGE 
NOISE  SPECTRA 


FREQUENCY  (Hil 


FREQUENCY  (Hi) 


FREQUENCY  [Hil 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


OFFSET  VOLTAGE  DRIFT  OF 
EIGHT  REPRESENTATIVE  UNITS 
vs  TEMPERATURE 


OP-27C 
00-278  * 

H— 

OP-27  A  - 

-f- 

> 

1 

< 

OP  Z7B  - 
OP-27A 

1  " 

OP-27A 

S 

-r 

OP-27B 

-  TRIMMING  WITH 
10k  POT  DOES 

"  NOT  CHANGE 

-  TCVOS 

1      1  1 

— 

op: 

7C 

0  ZS  SO  ft  100  125  ISO  175 
TEMPERATURE  f CI 


LONG-TERM  OFFSET 
VOLTAGE  DRIFT  OF  SIX 
REPRESENTATIVE  UNITS 


2        3  4 
TIME  IMONTHSI 


WARM-UP  OFFSET 
VOLTAGE  DRIFT 


 v! 

-  ilSV 

HI 

C/G 

»-  • — 

OP-27  8/F 

0P21 

A/E 

TIME  AFTER  POWER  ON  (MINUTES) 


2 


OFFSET  VOLTAGE  CHANGE 
DUE  TO  THERMAL  SHOCK 


o 


1  1  1 

V 

15V 

- 

T* 

•a 

■c- 

\  RESFONS 

E 

J  BANO^i 

DEVIC 

;  cm 

SEC 

<1 

1N7CTC  OIL  BATH 

INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


I  40  60  80  100 
TIME  ISEC) 


-25     0      25     50     75    100  125 
TEMPERATURE  CO 


INPUT  OFFSET  CURRENT  g 
vs  TEMPERATURE  <- 


0  25  50  75  100  126 
TEMPERATURE  CO 


SLEW  RATE,  GAIN-BANDWIDTH 
OPEN-LOOP  GAIN  vs  PRODUCT,  PHASE  MARGIN  vs  GAIN,  PHASE  SHIFT  vs 

FREQUENCY  TEMPERATURE  FREQUENCY 


1       10     100      tk     10k   100k     1M     10M  10OM  _75    _so    _25      0      25     50     75     100    125  1M  10M 

FREQUENCY  (Hi)  TEMPERATURE  l*CI  FREQUENCY  (Hll 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


OPEN-LOOP  VOLTAGE  GAIN 
vs  SUPPLY  VOLTAGE 


 TA  ■ 

m  fell 

>* 

»'£  — 

UK)  : 

/ 

Y 

10         20         10         4n  ■ 

TOTAL  SUPPLY  VOLTAGE  [VOLlSt 


MAXIMUM  OUTPUT  SWING 
vs  FREQUENCY 


MAXIMUM  OUTPUT  VOLTAGE 
vs  LOAD  RESISTANCE 


 I 


LOAD  RESISTANCE  IIII 


SMALL-SIGNAL  OVERSHOOT 
vs  CAPACITIVE  LOAD 


/ 

V 

s-«itv 

/ 

AV  -  *1 

SMALL-SIGNAL  TRANSIENT 
RESPONSE 


■■■rs= 

S! 
■ 

■1 

§ 

V 

■1 

■1 

-  !15V 
■  2S*C 


LARGE-SIGNAL  TRANSIENT 
RESPONSE 


■■i  i| 

:::  ss 
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i 
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■ 
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■ 
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m 

HI 

■ 

! 

■s: 

*VCL  "  *' 
V£-  ilSV 
Ta  •  2f,'C 


MO         1000         1600  2000 
CAPACITIVE  LOAD  (pF) 


SHORT-CIRCUIT  CURRENT  COMMON-MODE  INPUT  RANGE 

vs  TIME  CMRR  vs  FREQUENCY  vs  SUPPLY  VOLTAGE 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 
VOLTAGE  NOISE  TEST  CIRCUIT  (0.1  Hz-TO-1QHz) 


NOTE    ALL  CAPACItOfl  VALUES  AflE  fQR 
lion  (OLAfllZEO  CAPACITORS  ONLY 


LOW-FREQUENCY  NOISE 


0  1  Hi  TO  lOHt  PEAK-TO-PEAK  NOISE 
NOTE: 

Observation  time  limited  to  10  seconds. 


OPEN-LOOP  VOLTAGE  GAIN  vs 
LOAD  RESISTANCE 


4  70 
» 

1  * 

P 

r 

§  U 


I  I  lllllll 
ta  -  is'c  — 

■  tlSV  I 


PSRR  vs  FREQUENCY 


 -- 

\ 

NEQATIVE 

__  f 

OSlTJVE  N 

1 

LOAD  RESISTANCE  (H) 


FREQUENCY  IHj) 


< 
2 
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APPLICATIONS  INFORMATION 

OP-27  Series  units  may  be  inserted  directly  into  725,  OP-06, 
OP-07and  OP-05  sockets  with  or  without  removal  of  external 
compensation  or  nulling  components.  Additionally,  the  OP- 
27  may  be  fitted  to  unnulled  741-type  sockets;  however,  if 
conventional  741  nulling  circuitry  is  in  use,  it  should  be  modi- 
fied or  removed  to  ensure  correct  OP-27  operation.  OP-27 
offset  voltage  maybe  nulled  to  zero  (or  other  desired  setting) 
using  a  potentiometer  (see  Offset  Nulling  Circuit'. 

The  OP-27  provides  stable  operation  with  load  capacitances 
of  up  to  2000pFand  ±10V  swings;  larger  capacitances  should 
be  decoupled  with  a  50O  resistor  inside  the  feedback  loop. 
The  OP-27  is  unity-gain  stable. 

Thermoelectric  voltages  generated  by  dissimilar  metals  at 
the  input  terminal  contacts  can  degrade  the  drift  perfor- 
mance. Best  operation  will  be  obtained  when  both  input 
contacts  are  maintained  at  the  same  temperature. 

OFFSET  VOLTAGE  ADJUSTMENT 

The  input  offset  voltage  of  the  OP-27  is  trimmed  at  wafer 
level.  However,  if  further  adjustment  of  Vqs  is  necessary,  a 
10kfltrim  potentiometer  may  be  used.  TCVqs  is  not  degraded 


(see  Offset  Nulling  Circuit).  Other  potentiometer  values  from 
1k!!  to  1Mfi  can  be  used  with  a  slight  degradation  (0.1  to 
0.2(iV/°C]  of  TCVos-  Trimming  to  a  value  other  than  zero 
creates  a  drift  of  approximately  ( VOs/300  liV/°  C.  For  exam- 
ple, the  change  in  TCV0s  will  be  0.33>iV/°  C  if  V0s  is  adjusted 
to  100/jV.  The  offset-voltage  adjustment  range  with  a  10kn 
potentiometer  is  ±4mV.  If  smaller  adjustment  range  is  re- 
quired, the  nulling  sensitivity  can  be  reduced  by  using  a 
smaller  pot  in  conjuction  with  fixed  resistors.  For  example, 
the  network  below  will  have  a  ±280nV  adjustment  range. 


NOISE  MEASUREMENTS 

To  measure  the  80nV  peak-to-peak  noise  specification  of  the 
OP-27  in  the  0.1  Hz  to  10Hz  range,  the  following  precautions 
must  be  observed: 

(1 )  The  device  has  to  be  warmed-up  for  at  least  five  minutes. 
As  shown  in  the  warm-up  drift  curve,  the  offset  voltage 
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typically  changes  4pV  due  to  increasing  chip  temperature 
after  power-up.  In  the  10-second  measurement  interval, 
these  temperature-induced  effects  can  exceed  tens-of- 
nanovolts. 

(2)  For  similar  reasons,  the  device  has  to  be  well-shielded 
from  air  currents.  Shielding  minimizes  thermocouple 
effects. 

(3)  Sudden  motion  in  the  vicinity  of  the  device  can  also  "feed- 
through"  to  increase  the  observed  noise. 

(4)  The  test  time  to  measure  0.1  Hz-to-10Hz  noise  should  not 
exceed  10  seconds.  As  shown  in  the  noise-tester  frequency- 
response  curve,  the  0.1  Hz  corner  is  defined  by  only  one 
zero.  The  test  time  of  10  seconds  acts  as  an  additional 
zero  to  eliminate  noise  contributions  from  the  frequency 
band  below  0.1  Hz. 

(5)  A  noise-voltage-density  test  is  recommended  when 
measuring  noise  on  a  large  number  of  units.  A  10Hz 
noise-voltage-density  measurement  will  correlate  well 
with  a  0.1Hz-to-10Hz  peak-to-peak  noise  reading,  since 
both  results  are  determined  by  the  white  noise  and  the 
location  of  the  1/f  corner  frequency. 


bias-current  cancellation  circuit.  The  OP-27 A/E  has  Ib  and 
los  of  only  ±40nA  and  35nA  respectively  at  25°  C.  This  is 
particularly  important  when  the  input  has  a  high  source- 
resistance.  In  addition,  many  audio  amplifier  designers 
prefer  to  use  direct  coupling.  The  high  lB,  V0s,  TCV0s  of 
previous  designs  have  made  direct  coupling  difficult,  if  not 
impossible,  to  use. 

Voltage  noise  is  inversely  proportional  to  the  square-root  of 
bias  current,  but  current  noise  is  proportional  to  the  square- 
root  of  bias  current.  The  OP-27's  noise  advantage  disappears 
when  high  source-resistors  are  used.  Figures  1,  2,  and  3 
compare  OP-27  observed  total  noise  with  the  noise  perfor- 
mance of  other  devices  in  different  circuit  applications. 

Total  noise  =  [(Voltage  noise)2  +  (current  noise  x  Rs)2  + 
(resistor  noise)2l1/2 

Figure  1  shows  noise-versus-source-resistance  at  1000Hz. 
The  same  plot  applies  to  wideband  noise.  To  use  this  plot,  just 
multiply  the  vertical  scale  by  the  square-root  of  the 
bandwidth. 


UNITY-GAIN  BUFFER  APPLICATIONS 

When  Rf  <  100H  and  the  input  is  driven  with  a  fast,  large  signal 
pulse  (>1V),  the  output  waveform  will  look  as  shown  in  the 
pulsed  operation  diagram  below. 

During  the  fast  feedthrough-like  portion  of  the  output,  the 
input  protection  diodes  effectively  short  the  output  to  the 
input  and  a  current,  limited  only  by  the  output  short-circuit 
protection,  will  be  drawn  by  the  signal  generator.  With 
Rf  >  500ft,  the  output  is  capable  of  handling  the  current 
requirements  ( lL <  20mA  at  10V);  the  amplifier  will  stay  in  its 
active  mode  and  a  smooth  transition  will  occur. 

When  Rf  >  2kn,  a  pole  will  be  created  with  Rf  and  the 
amplifier's  input  capacitance  (8pF)  that  creates  additional 
phase  shift  and  reduces  phase  margin.  A  small  capacitor 
(20  to  50pF)  in  parallel  with  Rf  will  eliminate  this  problem. 

PULSED  OPERATION 


COMMENTS  ON  NOISE 

The  OP-27  is  a  very  low-noise  monolithic  op  amp.  The  out- 
standing input  voltage  noise  characteristics  of  the  OP-27  are 
achieved  mainly  by  operating  the  input  stage  at  a  high  quies- 
cent current.  The  input  bias  and  offset  currents,  which  would 
normally  increase,  are  held  to  reasonable  values  by  the  input- 


NOISE  vs  SOURCE  RESISTANCE 
(INCLUDING  RESISTOR  NOISE) 
AT  1000Hz. 


BOO   Ik  Sk  10k 

-SOURCE  RESISTANCE  (11) 


Figure  1 


At  Rs  <  1kfl,  the  OP-27's  low  voltage  noise  is  maintained. 
With  R$  >  1  kn,  total  noise  increases,  but  is  dominated  by  the 
resistor  noise  rather  than  current  or  voltage  noise.  It  Is  only 
beyond  Rs  of  20kft  that  current  noise  starts  to  dominate.  The 
argument  can  be  made  that  current  noise  is  not  important  for 
applications  with  low-to-moderate  source  resistances.  The 
crossover  between  the  OP-27  and  OP-07  and  OP-08  noise 
occurs  in  the  15-to-40kfl  region. 

Figure  2  shows  the  0.1Hz-to-10Hz  peak-to-peak  noise.  Here 
the  picture  is  less  favorable;  resistor  noise  is  negligible,  cur- 
rent noise  becomes  important  because  it  is  inversely  propor- 
tional to  the  square-root  of  frequency.  The  crossover  with  the 
OP-07  occurs  in  the  3-to-5kfl  range  depending  on  whether 
balanced  or  unbalanced  source  resistorsare  used  (at3kfl  the 
Ib.  I os  error  also  can  be  three  times  the  Vosspec.). 
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Figure  2 


OP-27  L0W-N0I8E  PRECISION  OPERATIONAL  AMPLIFIER 


PEAK-TO-PEAK  NOISE  (0.1  to 
10Hz)  vs  SOURCE  RESISTANCE 
(INCLUDES  RESISTOR  NOISE). 
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Re  —  SOURCE  RESISTANCE  (TO 


10Hz  NOISE  vs 
SOURCE  RESISTANCE 
(INCLUDES  RESISTOR  NOISE). 


Figure  3 


600   1k  6k  10k 

Rs  -  SOURCE  RESISTANCE  (ni 


Therefore,  for  low-frequency  applications,  the  OP-07  is  bet- 
ter than  the  OP-27/37  when  Rs  >  3kfl.  The  only  exception  is 
when  gain  error  is  Important.  Figure  3  illustrates  the  10Hz 
noise.  As  expected,  the  results  are  between  the  previous  two 
figures. 

For  reference,  typical  source  resistances  of  some  signal 
sources  are  listed  in  Table  1. 

Table  1 


DEVICE 

SOURCE 
IMPEOANCE  COMMENTS 

Strain  gouge 

<500tl         Typically  used  in  low-frequency 
applications. 

Magnetic 
tapehead 

<1S00(1        Low  lB  very  Important  to  reduce 
self-magnetization  problems  when 
direct  coupling  is  used.  OP-27  lB 
can  be  neglected. 

Magnetic 

phonograph 

cartridges 

<1S00(1        Similar  need  for  low  lB  In  direct 
coupled  applications.  OP-27  wilt  not 
,  Introduce  any  self-magnetization 
problem. 

Linear  variable 

differential 

transformer 

<  1500(1        Used  in  rugged  servo-feedback 

applications.  Bandwidth  of  Interest  is 
400Hz  to  5kHz. 

OPEN-LOOP  GAIN 

FREQUENCY              „         _„ „ 

OP-07          OP-27  OP-37 

AT: 

3Hz 

100dB         124dB  125dB 

10Hz 

100dB         120dB  125dB 

30Hz 

SOdB         110dB  124dB 

For  further  information  regarding  noise  calculations,  see 
"Minimization  of  Noise  in  Op-Amp  Applications",  Application 
Note  AN-15. 


AUDIO  APPLICATIONS 

The  following  applications  information  has  been  abstracted 
from  a  PMI  article  in  the  12/20/80  issue  of  Electronic  Design 
magazine  and  updated. 

Figure  4  is  an  example  of  a  phono  pre-amplifier  circuit  using 
the  OP-27  for  A^  R1-R2-C1-C2  form  a  very  accurate  RIAA 
network  with  standard  component  values.  The  popular  method 
to  accomplish  RIAA  phono  equalization  is  to  employ 
frequency-dependent  feedback  around  a  high-quality  gain 
block.  Properly  chosen,  an  RC  network  can  provide  the  three 
necessary  time  constants  of  3180, 318,  and  75/js.' 

For  initial  equalization  accuracy  and  stability,  precision 
metal-film  resistors  and  film  capacitors  of  polystyrene  or 
polypropylene  are  recommended  since  they  have  low  voltage 
coefficients,  dissipation  factors,  and  dielectric  absorption.4 
(High-K  ceramic  capacitors  should  be  avoided  here,  though 
low-K  ceramics— such  as  NPO  types,  which  have  excellent 
dissipation  factors,  and  somewhat  iowerdielectric  absorption — 
can  be  considered  for  small  values.) 
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OP-27  LOW-NOISE  PRECISION  OPERATIONAL  AMPLIFIER 


The  OP-27  brings  a  3.2nV/V  Hz  voltage  noise  and  0.45 
pA/V  Hz  current  noise  to  this  circuit.  To  minimize  noise 
from  other  sources,  R3  is  set  to  a  value  of  1000,  which 
generates  a  voltage  noise  of  1.3nV/V  Hz  .  The  noise  in- 
creases the  3.2nV/V  Hz  of  the  amplifier  by  only  0.7dB.  With 
a  1kn  source,  the  circuit  noise  measures  63dB  below  a  1mV 
reference  level,  unweighted,  in  a  20kHz  noise  bandwidth. 

Gain  (G)  of  the  circuit  at  1kHz  can  be  calculated  by  the 
expression: 

G  =  0.101  (1  +^") 

For  the  values  shown,  the  gain  is  just  under  100  (or  40dB). 
Lower  gains  can  be  accommodated  by  increasing  R3,  but 
gains  higher  than  40dB  will  show  more  equalization  errors 
because  of  the  8MHz  gain-bandwidth  of  the  OP-27. 

This  circuit  is  capable  of  very  low  distortion  over  its  entire 
range,  generally  below  0.01%  at  levels  up  to  7V  rms.  At  3V 
output  levels,  it  will  produce  less  than  0.03%  total  harmonic 
distortion  at  frequencies  up  to  20kHz. 

Capacitor  C3  and  resistor  Ft4  form  a  simple  -6dB-per-octave 
rumble  filter,  with  a  corner  at  22Hz.  As  an  option,  the  switch- 
selected  shunt  capacitor  C4,  a  nonpolarized  electrolytic, 
bypasses  the  low-frequency  rolloff.  Placing  the  rumble  fil- 
ters high-pass  action  after  the  preamp  has  the  desirable 
result  of  discriminating  against  the  RIAA-amplified  low- 
frequency  noise  components  and  pickup-produced  low- 
frequency  disturbances. 

A  preamplifier  for  NAB  tape  playback  is  similar  to  an  RIAA 
phono  preamp,  though  more  gain  is  typically  demanded, 
along  with  equalization  requiring  a  heavy  low-frequency 
boost.  The  circuit  in  Fig.  4  can  be  readily  modified  for  tape 
use,  as  shown  by  Fig.  5. 
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Figure  S 


While  the  tape-equalization  requirement  has  a  flat  high- 
frequency  gain  above  3kHz  (T2  =  50»is).  the  amplifier  need 
not  be  stabilized  for  unity  gain.  The  decompensated  OP-37 
provides  a  greater  bandwidth  and  slew  rate.  For  many  appli- 
cations, the  idealized  time  constants  shown  may  require 
trimming  of  R1  and  R2  to  optimize  frequency  response  for 
nonideal  tape-head  performance  and  other  factors.5 


The  network  values  of  the  configuration  yield  a  SOdB  gain  at 
1  kHz,  and  the  dc  gain  is  greater  than  70dB.  Thus,  the  worst- 
case  output  offset  is  just  over  500m V.  A  single  0.47/iF  output 
capacitor  can  block  this  level  without  affecting  the  dynamic 
range. 

The  tape  head  can  be  coupled  directly  to  the  amplifier  input, 
since  the  worst-case  bias  current  of  80nA  with  a  400mH,  100 
pin.  head  (such  as  the  PRB2H7K)  will  not  be  troublesome. 

One  potential  tape-head  problem  is  presented  by  amplifier 
bias-current  transients  which  can  magnetize  a  head.  The 
OP-27  and  OP-37  are  free  of  bias-current  transients  upon 
power  up  or  power  down.  However,  it  is  always  advantageous 
to  control  the  speed  of  power  supply  rise  and  fall,  to  elimi- 
nate transients. 

In  addition,  the  dc  resistance  of  the  head  should  be  carefully 
controlled,  and  preferably  below  1kt).  For  this  configura- 
tion, the  bias-current-induced  offset  voltage  can  be  greater 
than  the  100pV  maximum  offset  if  the  head  resistance  is  not 
sufficiently  controlled. 

A  simple,  but  effective,  fixed-gain  transformerless  micro- 
phone preamp  (Fig.  6)  amplifies  differential  signalsf  rom  low- 
impedance  microphones  by  50dB,  and  has  an  input  impe- 
dance of  2kfl.  Because  of  the  high  working  gain  of  the  circuit, 
an  OP-37  helps  to  preserve  bandwidth,  which  will  be  110kHz. 
As  the  OP-37  is  a  decompensated  device  (minimum  stable 
gain  of  5),  a  dummy  resistor,  Rp,  may  be  necessary,  if  the 
microphone  is  to  be  unplugged.  Otherwise  the  100%  feed- 
back from  the  open  input  may  cause  the  amplifier  to  oscillate. 

Common-mode  input-noise  rejection  will  depend  upon  the 
match  of  the  bridge-resistor  ratios.  Either  close-tolerance 
(0.1%)  types  should  be  used,  or  R4  should  be  trimmed  lor  best 
CMRR.  All  resistors  should  be  metal-film  types  for  best  sta- 
bility and  low  noise. 

Noise  performance  of  thiscircuit  is  limited  more  by  the  input 
resistors  R1  and  R2  than  by  the  op  amp,  as  R1  and  R2  each 
generate  a  4nV/yf  Hz  noise,  while  the  op  amp  generates  a 
3.2nV/V  Hz  noise.  The  rms  sum  of  these  predominant  noise 
sources  will  be  about  6nV/VHz  ,  equivalent  to  0.9pV  in  a 
20kHz  noise  bandwidth,  or  nearly  61  dB  below  a  1mV  input 
signal.  Measurements  confirm  this  predicted  performance. 
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OP-27  LOW-NOISE  PRECISION  OPERATIONAL  AMPLIFIER 


For  applications  demanding  appreciably  lower  noise,  a  high- 
quality  microphone-transformer-coupled  preamp  (Fig.  7) 
incorporates  the  internally-compensated .  OP-27.  Ti  is  a 
JE-115K-E  150fl/15kn  transformer  which  provides  an  opti- 
mum source  resistance  for  the  OP-27  device.  The  circuit  has 
an  overall  gain  of  40dB,  the  product  of  the  transformer's 
voltage  setup  and  the  op  amp's  voltage  gain. 
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Figure  7 


Gain  may  be  trimmed  to  other  levels,  if  desired,  by  adjusting 
R2  or  R,.  Because  of  the  low  offset  voltage  of  the  OP-27,  the 
output  offset  of  this  circuit  will  be  very  low,  1 ,7m  V  or  less,  for  a 
40dB  gain.  The  typical  output  blocking  capacitor  can  be 


BURN-IN  CIRCUIT 


eliminated  in  such  cases,  but  is  desirable  for  higher  gains  to 
eliminate  switching  transients. 

Capacitor  C2and  resistor  Ra  form  a  2*is  time  constant  in  this 
circuit,  as  recommended  for  optimum  transient  response  by 
the  transformer  manufacturer.  With  C2  In  use,  A1  must  have 
unity-gain  stability.  For  situations  where  the  2/is  time  con- 
stant is  not  necessary,  C2  can  be  deleted,  allowing  the  faster 
OP-37  to  be  employed. 

Some  comment  on  noise  is  appropriate  to  understand  the 
capability  of  this  circuit.  A  1S0n  resistor  and  R1  and  R2  gain 
resistors  connected  to  a  noiseless  amplifier  will  generate  220 
nV  of  noise  in  a  20kHz  bandwidth,  or  73d B  below  a  1mV 
reference  level.  Any  practical  amplifier  can  only  approach 
this  noise  level;  it  can  never  exceed  it.  With  the  OP-27  and  T, 
specified,  the  additional  noise  degradation  will  be  close  to 
3.6dB  (or -69.5  referenced  to  ImV). 
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OP- 32 

HIGH-SPEED  (AVCL  ^  10]  PROGRAMMABLE  MICROPOWER 
OPERATIONAL  AMPLIFIER  (SINGLE  OR  DUAL  SUPPLY) 


Precision  Alonolithics  Inc. 


FEATURES 

•  Programmable  Supply  Current  1jiA  to  2mA 

•  Single  Supply  Operation   +3Vto+30V 

•  Dual  Supply  Operation    ±  1.5V  to  ±  15V 

•  Low  Input  Offset  Voltage    100^V 

•  Low  Input  Offset  Voltage  Drift    0.5/1  V/°C 

•  High  Common-Mode  Input  Range  ...  V-to  V+(-1.5V) 

•  High  CMRR  and  PSRR    115dB 

•  High  Open-Loop  Gain   2000V/mV 

•  ±30V  Input  Overvoltage  Protection 

•  Fast   1V/^s@I8Y  =  300/jA 

•  LM4250Plnout 

•  Compensated  for  Minimum  Gain  of  10 
ORDERING  INFORMATION! 


TA=25°C 

PACKAGE 

OPERATING 

Vos  MAX 

TEMPERATURE 

(fV) 

PLASTIC 

CERDIP  LCC 

RANGE 

300 

OP32AZ'   

MIL 

300 

OP32EP 

OP32EZ   

IND 

500 

OP32BZ"  OP32BRC/883 

MIL 

500 

OP32FP 

OP32FZ   

IND 

1000 

OP32GP 

OP32GZ   

IND 

*  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /8S3  alter 
part  number.  Consult  factory  for  683  data  sheet. 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip.  andTO-can  packages.  For  ordering  information,  see  1983 
Data  Book,  Section  2. 

GENERAL  DESCRIPTION 

The  OP-32  is  a  high-speed,  high-gain  programmable  opera- 
tional amplifier.  Both  offset  voltage  and  offset  current  are 
low,  and  both  are  stable  with  changes  in  temperature,  supply 
voltage,  and  set  current.  High  CMRR  and  PSRR  ensure 


precision  performance  when  the  OP-32  is  used  with  an 
unregulated  battery  or  vehicular  electrical  system. 

The  wide  input  voltage  range,  including  the  negative  supply 
or  ground,  allows  use  in  single-battery  applications.  The 
OP-32  is  characterized  over  a  wide  supply  range  of  ±1.5V  to 
±15V.  This  guarantees  predictable  performance  with  any 
commonly  available  supply. 

The  ability  to  operate  at  relatively  high  speed  with  low  power 
consumption  makes  this  amplifier  Ideal  for  remote  applica- 
tions where  power  is  limited.  The  programmability  allows 
each  amplifier  In  a  system  to  be  set  for  the  minimum  power 
consumption  necessary  for  each  specific  application. 
Programmability  also  makes  it  possible  to  adjust  the  band- 
width and  phase  shift. 

The  OP-32  pinout  is  identical  to  the  LM4250  and  many  other 
micropower  operational  amplifiers.  This  allows  easy  up- 
grading of  system  performance. 

PIN  CONNECTIONS 


8-PIN  EPOXV  DIP 
(P-Sufflx) 

8-PIN  HERMETIC  DIP 
(Z-Suffix) 

*  DO  NOT  SHORT  lSET  TO  V-  OR  GROUND 
SEE  APPLICATIONS  INFORMATION. 


IiIUJUNIhIN 

7}  fj;  N  c 

JJ  fjf  V* 

JJ  fw  N.C. 

JJ  (w  OUT 

T|  [h  N.C. 

r7Tffirargifsi7 


OP-32BRC/883 
20-LEAD  LCC 
(RC-Suffix) 


SIMPLIFIED  SCHEMATIC 
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OP-32  HIGH-SPEED  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage   ±18V 

Power  Dissipation    SOOmW 

Differential  Input  Voltage   ±30 

Input  Voltage  Supply  Voltage 

Storage  Temperature  Range 

Z  Package    -65oCto+150°C 

P  Package    -55°  C  to +125°  C 


Operating  Temperature  Range 

OP-32A,  B  (Z  or  RC  package)    -55-C  to  +125-C 

OP-32E,  F  &  G  (Z  or  P  package)    -25°C  to +85°C 

Lead  Temperature  Range  (Soldering,  60  sec)    300° C 

DICE  Junction  Temperature   -65°C  to  +150°C 

NOTE: 

1.  Absolute  ratingsapply  to  both  DICE  and  packaged  parts,  unless  otherwise 
noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1.5V  to  ±15V,  15/iA  <  iSv^  450mA,  TA  =  +25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-32A/E 

MtN   TYP  MAX 

OP-32B/F 
MIN    TYP  MAX 

OP-32G 

MIN    TYP  MAX 

UNITS 

Input  Offset  Voltage 

v0s 

100 

300 

200 

500 

—  400 

1000 

«v 

Input  Offset  current 

>os 

Vcu  =  0 

2 

2 

3 

nA 

Input  Bias  Current 
(NoteD 

■b 

lsv=1S^A 
Iqy  s  150pA 
lsv  =  450fiA 

3 
20 
60 

5 
35 
90 

5 
24 
70 

7.5 
35 
100 

—  5 
  30 

—  80 

10 
50 
125 

nA 

Input  Voltage  Range 

IVR 

VS  =  +15V 

-1S.0/13.S 

-15.0/13.5 

~mn/im   

V 

Common-Mode 
Rejection  Ratio 
(Note  2) 

CMRR 

VS  =  ±15V 

-15V£VCU£  +  13.SV 

100 

115 

— 

85 

110 

— 

85  100 

— 

dB 

Power  Supply 
Rejection  Ratio 
(Note  2) 

PSRR 

vs=±i.svto±i5V; 

and  V-  =  0V, 
V+  =  3Vto30V. 

1 

6 

3 

12 

—  10 

25 

nV/V 

Large-Signal 
Voltage  Gain 

AyO 

VS  =  ±1SV, 

RL=  100kfl,  lsy=  1S(iA 

RL  =  10kn.  ISOfiA  <  lsv  <  450/iA 

1000 

2000 

750 

1500 

500  1000 

V/mV 

Output  Voltage 

VS=±1.5V 

RL=100kn.  lsv=1SpA 

RL  =  10kfl.  1S0(iA  <  lSYS  ISOnA 

±0.8  ±0.88 

±0.8  ±0.88 

±0.75  ±0.85 

V 

Swing 

v0  — 

VS±1SV 

RL=100kri.  lSY=1SpA 

RL  =  10kn,  1S0mA  £  lSy£  450pA 

±14  ±14.2 

±14  ±14.2 

±13.8  ±14.2 

V 

Gain-Bandwidth 
Product 

lSy=15(iA,  RL=100kfl 
lsv=450^A.  RL=10kfl 

100 
4500 

100 
4500 

-  100 

—  4500 

kHz 

Slew  Rate 

SR 

VS=±15V,  lsv=450(iA, 
RL=  lOkfl 

1.5 

1.5 

—  1.5 

V/jiS 

Supply  Current 
No  Load 

VS  =  ±1SV,  lSET=1/iA 

ISET^  10(1  A 
ISET  =  30,|A 

15 
150 
450 

17 
170 
525 

15 
150 
450 

19 
190 
600 

—  15 

—  ISO 

—  450 

21 
200 
650 

^A 

(Note  31 

Isv  — 

VS  =  ±1.5V,  lSET=1<iA 
lSET=10<iA 
lSET  =  30M 

10.5 
105 
350 

12.5 
125 
400 

11 
110 
350 

15 
150 
450 

—  11 

—  110 

—  350 

18 
160 
500 

NOTES: 

1.  lBand  l0sare  measured  at  Vcm^O. 

2.  PSRR  and  CMRR  measured  with  Vos  unnulled  and  lseT  held  constant. 

3.  Tftesuppfycurrent  (lSY)  fsdependenton  the  setcurrent  (Iset)  a"0*  supply 
voltage  as  foliows: 


Jsx.  ,10+<v+>-<v-i 

•set  6 

The  range  ol  Isy/'set  is  approximately  10.5  to  15  over  the  specified 
operating  range  of  Vs  =  ±  1.5V  to  Vs  =  ±15V. 


U4 
i— i 

Ch 

< 

1 

o 
o 
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OP-32  HIGH-SPEED  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1.5V  to  ±  15V,  15/»A  <  lsv< 450M.  -55° C  <  TA<  +125°C,  unless 
otherwise  noted. 


OP-32A 

OP-32B 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Average  Input  Offset 
Voltage  Drift  (Note  1) 

TCV03 

Unnulled 

0.5 

2.0 

1.0 

2.0 

/iV7*C 

Input  Offset  Voltage 

v0s 

- 

175 

400 

- 

350 

600 

fV 

Input  Offset  Current 

'os 

Vc«  =  0 

2 

2 

nA 

Average  Input  Offset 
Current  Drllt 

TCIos 

(Notes  1. 2) 

— 

1 

10 

— 

3 

15 

pA/°C 

Input  Bias  Current 
(Note  2) 

lg 

IgY  —  15/iA 
lSY  =  150jiA 

— 

3 
20 

5 
35 

— 

5 
25 

7.5 
35 

nA 

ls,  =  450|iA 

- 

60 

90 

- 

70 

100 

Input  Voltage  Range 

IVR 

VS=±15V 

-15.0/13.5 

— 

- 

-15.0/13.5 

— 

- 

V 

Common-Mode 
Rejection  Ratio 
(Note  3) 

CMHH 

VS=±15V 

-IDV  S  "CM  —  +W.5V 
'set  =  lOjiA 

'set-  VA 

90 
60 

110 
90 

66 
SO 

105 
90 

dB 

Power  Supply 

Vs=  ±1.5V  to  ±  15V  & 

Rejection  Ratio 

PSRR 

V-  =  OV 

- 

2 

10 

- 

2.5 

20 

pV/V 

(Note  3) 

V+ 13  3V  to  30V  (V^m  =  1-5VJ 

Large-Signal 
Voltage  Gain 

AvO 

VS=±15V, 

rl = iookn,  isv  =  ^5^tA 

200 

400 

200 

500 

V/mV 

RL=  10kn,  150*iA  <  lSY<  450jiA 

500 

1000 

- 

300 

750 

- 

VS  =  ±1.5V 

Q    —  Iflflkn   1  = 

M|_  —  1UUKII,  Igy  =  lD/iA 

±0.65 

+0.75 

±0.65 

±0.75 

V 

Vo  - 

R  — intn  1KA..A<:I  ^jcn.iA 

n |_  —  1UK1I,  10U/JA^  I5Y^40U/JH 

Swing 

VS  =  ±1SV 

RL=  100kn,  lSY=  15uA 

±13.8 

±14.0 

±13.0 

±13.5 

V 

RL  ■=  10kn.  150fiA  <  lSy  £  450pA 

VS=±15V.  ISET=1^A 

16 

16 

16 

20 

Supply  Current 
No  Load 

'SET=  1°f A 

160 
450 

160 
550 

160 
450 

200 
600 

MA 

(Note  41 

VS=±1.5V,  lSET=1pA 

12 

14 

12 

17 

lSET=10pA 

120 

140 

120 

170 

OA 

lSET  =  30<iA 

360 

450 

360 

500 

NOTES: 

1.  Sample  tested. 

2.  IB  and  lossre  measured  at  Vqm^O. 

3.  PSRR  and  CMRR  measured  with  Vos  unnulled  and  I  set  held  constant. 


BURN-IN  CIRCUIT* 


4.  The  supply  current  I  lSv)  isdependent  on  the  set  current  ( I  set)  8nd  supply 
voltage  as  follows: 

J§L  'v+»-'v-» 
•set  0 


'Other  circuits  may  apply  at  PMI's  discretion. 
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OP-32  HIGH-SPEED  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1.5V  to +15V,  15MA  <  \Sy<  450mA,  -25°  C  <  TA<  +85° C,  unless 
otherwise  noted. 


OP-32E 

OP-32F 

OP-32G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TVP 

MAX 

MIN 

TVP 

MAX 

MIN 

TVP 

MAX 

UNITS 

Average  Input  Offset 
Voltage  Drift  {Note  1) 

TCV0s 

UnnulEOd 

0.5 

1.5 

1.0 

2.0 

1.5 

3.0 

pw  c 

Input  Offset  voltage 

Vos 

- 

100 

400 

- 

200 

600 

— 

500 

1200 

(•V 

Input  Offset  Current 

los 

VCM  =  <> 

2 

2 

3 

nA 

A  i/A  ran  A  Inmtt  dtf&nt 

Current  Drift 

TCI0S 

(Notes  1,2| 



2 

10 



3 

15 

5 

25 

pA/°C 

Input  Bias  Current 
(Note  21 

>B 

lSY=  15(iA 
lSY  s  150^  A 

3 
20 

5 
35 



5 
24 

7.5 
35 

5 
30 

10 
50 

nA 
nA 

l8Y=450,iA 

— 

60 

90 

— 

70 

100 

— 

80 

125 

Input  Voltage  Range 

IVR 

VS  =  ±15V 

-15.0/13.5 

- 

- 

-15.0/13.5 

- 

- 

-15.0/13.5 

- 

- 

V 

Common-Mode 
Rejection  Ratio 
(Note  3) 

CMRR 

V8  =  ±1SV& 
-15V<VCH£+13.5V 

95 

110 



00 

105 

_ 

80 

100 

_ 

dB 

Power  Supply 

V8  =  ±1.SVto±15V& 

Refection  Ratio 

PSRR 

V-  =  0V. 

3.2 

10 

10 

32 

32 

56 

(iV/V 

(Note  3) 

V+  =  3Vto30V 

Large-Signal 
Vbltage  Gain 

Avo 

V8=±15V. 

RL=iookn.  i8v=i5pA 

750 

1000 

500 

1000 

400 

1000 

V/mV 

RL  =  10kn,  150|iA<  lsy£4S0fiA 

750 

1000 

— 

500 

1000 

— 

400 

1000 

— 

V8  =  ±1.5V 

Ru=100kn.  l8Y=15(iA 

±0.70  ±0.75 



±0.85  ±0.75 



±0.6 

±0.7 



V 

Output  Voltage 

RL=  10kft,  150<iA<  IsyS450(iA 

Swing 

V0  — 

VS  =  ±1SV 

RL=100kn,  l8Y=15|iA 

±13.8  : 

±14.1 

±13.6  : 

±14.1 

±13.0  ±14.0 

V 

RL  =  10kn,  ISOfiA  <  lsv  S  4S0pA 

VS=±16V,  Iset^A 

16 

18 

16 

20 

18 

25 

Supply  Current 
No  Load 

l8Er=lO;iA 
l8ET=30(.A 

160 
450 

160 
550 

160 
450 

200 
600 

160 
450 

250 
650 

pA 

(Note  4) 

•sy  — 

V8  =  ±1.6V,I8ET=VA 

12 

14 

12 

17 

12 

25 

l8ET=10jiA 

120 

140 

120 

170 

120 

200 

,iA 

Iset  =  30mA 

380 

450 

360 

500 

360 

5S0 

NOTES: 

1.  Sample  tested. 

2.  lBand  lo8aremeasuredatVCM°0. 

3.  PSRR  and  CMRR  measured  with  Vos  unnulled  and  l9ET  field  constant. 

4.  Thasupplycurrent(lsY)lsdependentonUi«setcurrent(l8ET)  and  supply 
voltage  as  follows: 

Jay.  -,ni  <v+>-<v-> 

•set  8 


Ph 

Ph 


O 

Ph 

o 
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OP-32  HIGH-SPEED  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS 


1.  BALANCE 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  V- 

5.  BALANCE 

6.  OUTPUT 

7.  V  + 
8-  IsET 


DIE  SIZE  0.070  x  0.050  inch,  3500  sq.  mils 
(1.76  X  1.27  mm,  2.26  sq.  mm) 


For  additional  DICE  ordering  Information,  refer 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs 

=  ±  1 .5V  to  ±  15V,  15pA  <  |SY  <  450uA,  TA  =  25°  C, 

unless  otherwise  noted. 

OP-32N 

OP-32G 

OP-32GR 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

300 

500 

1000 

,iV  MAX 

Input  Offset  Current 

los 

VCM  =  0 

2 

2 

3 

nA  MAX 

Input  Bias  Current 
Nole  1 1 

If) 

lSY=15„A 
lSY=150,iA 

5 
35 

7.5 
35 

10 
50 

nA  MAX 

lSY  =  4S0„A 

90 

100 

125 

Input  Voltage  Range 

IVR 

VS=±15V 

-15/13.5 

-15/13.5 

-15/13.5 

VMIN 

Common-Mode 

VS=±15V 

-15V<VCM<+13.5V 

Rejection  Ratio 
(Note  21 

CMRR 

100 

95 

85 

dBMIN 

Power  Supply 
Rejection  Ratio 
(Note  2) 

PSRR 

Vs  =  ±1.5V  to  ±15V  & 
V-  -  0V.  V+  =  3V  to  30V 

6 

12 

25 

(iWV  MAX 

Large-Signal 
Voltage  Gain 

A  TO 

VS  =  ±15V. 

RL=  lOOkll.  ISY=  15)iA 

1000 

750 

500 

V/mV  MIN 

RL=  10kll,  150nA<  Isy<450jjA 

1000 

750 

500 

Output  Voltage 
Swing 


VS=±1.5V 

RL  =  lOOkfl.  ISY  =  15)iA 

RL  =  10kll,  150,iA  S  lSY  S  450/iA 


VS=±15V 

RL=  100kfl.  ISY=  15/iA 

RL  =  10kll,  150jjA  <  lSY  <  450,iA 


Supply  Current 
No  Load 
(Note  3) 


VS=±1.5V.  ISET=1„A 
lSET  =  10jjA 
lSET=30pA 


12.5 
125 
400 


15 
150 
450 


IS 
180 

500 


VS=±15V. 


'SET 


=  1uA 


lSET=  lOpA 
lSET=  30,1a 


17 
170 
525 


19 
190 
600 


21 
200 
650 


fiA  MAX 


tiA  MAX 


NOTES: 
1 

2 
3 


lB  and  losare  measured  at  VCM  0. 

PSRR  and  CMRR  measured  with  Vos  unn  ulled  and  Iggy  held  constant. 
The  supply  current  1 1 SY  i  is  dependent  on  the  set  current  Iset  and  supply 
voltage  as  follows: 

J«  ,10+'V+'-'v-' 
'set  6 


Electrical  tests  are  performed  at  water  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  fot  qualification  through  sample  lot  assembly 


packaging  is  not 
and  testing. 
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OP-32  HIGH-SPEED  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 


TYPICAL  DC  PERFORMANCE  CHARACTERISTICS 


OFFSET  VOLTAGE 
vs  TEMPERATURE 


Iff- 

WOT 
11.6V 

)460 

ton 

A 

SVy 

VS-11.5T011SV 

I       I  I 

5  0  26  50  '5 
TEMPERATURE  (*CI 


OFFSET  CURRENT 
VS  TEMPERATURE 


1  1  1 

'BY 

■  irctiA 

•11JVT0115V 

-78    -60     -26     0      25     50     75     100  123 
TEMPERATURE  <°CI 


BIAS  CURRENT 
vs  TEMPERATURE 


ft 

i 


-25      0      25      50      79     100  125 
TEMPERATURE  I'd 


OFFSET  VOLTAGE 
vs  SUPPLY  CURRENT 


* 

2 

c- 

"""wE1 

 OFFSET  _ 

1  Ml 

1111  \/ 

100 

SUPPLV  CURRENT  <uA) 


OFFSET  CURRENT 
vs  SUPPLY  CURRENT 


-Vj.  11.5V  TO  116V 
-TA-2S*C 

BIAS  CURRENT 
vs  SUPPLY  CURRENT 


E  ta-26°c 

V 

S' 

1.SV 

s 

; 

15V 

SUPPLY  CURRENT  Ml 


SUPPLY  CURRENT  IcA) 


5-157 


8/87,  Rev.  B 


OP-32  HIGH-SPEED  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 


TYPICAL  AC  PERFORMANCE  CHARACTERISTICS 


GAIN-BANDWIDTH  PRODUCT 
vs  SUPPLY  CURRENT 


:vs-tisv 

-TA.26«C 

10  100 
SUPPLY  CURRENT  tuM 


SLEW  RATE  vs 
SUPPLY  CURRENT 


±16V 
2S»C. 

-  V 

s" 

~.  'A  " 

POWER  SUPPLY  REJECTION 
vs  SUPPLY  CURRENT 


a.  120 
a 


OP3 

a  a 

TV 

s-3v 

n 

3  30V 

>■ 

2 

S1 

C 

OP3 

Iff 

TV 

S-3V 

- 

3  30V 

on 

a  a 

TVs- 

'TO  £16 

V 

Jl 

OK 

2fA 

TV 

S 

M.5V 

TO  115 

I 

OP3 

IT1 

's 

*V 

TO!15 

V 

SUPPLY  CURRENT  \iM 


SUPPLY  CURRENT  tuM 


TOTAL  HARMONIC  TOTAL  HARMONIC  VOLTAGE  NOISE 

DISTORTION  vs  FREQUENCY  DISTORTION  vs  FREQUENCY  vs  FREQUENCY 


FREQUENCY  (Hi)  FREQUENCY  IHil  FREQUENCY  IHxl 
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OP-32  HIGH-SPEED  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 


TYPICAL  AC  PERFORMANCE  CHARACTERISTICS 
SMALL-SIGNAL  TRANSIENT  RESPONSE  VS  SUPPLY  CURRENT 


Isy-1-S^A 


ISy=  7.5/jA 


Isy=  1SmA 


ISy=  150/jA 


lSy-450/jA 


ISy=750/uA 


RS8SBH 
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OP-32  HIGH-SPEED  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 


APPLICATIONS  INFORMATION 
SETTING  SUPPLY  CURRENT 

The  op  amp  power  supply  current  Is  determined  by  the 
current  flowing  out  of  pin  8.  Pin  8  Is  at  the  V+  voltage  less  two 
diode  drops,  which  Is  approximately  V+  minus  1.1V.  Do  not 
connect  pin  8  to  ground  or  V- without  a  set  resistor  In  series 
orexcesslve  supply  current  will  be  drawn  which  may  damage 
the  OP-32. 

The  set  resistor  value  Is  selected  to  make  the  power  supply 
current  optimum  for  the.  specific  application.  Adjusting  the 
OP-32  power  supply  current  determines  the  slew-rate, 
bandwidth,  and  the  output  current  limits  (see  Performance 
Characteristics).  The  supply  current  is  nominally  15  times  the 
set  current  and  the  set  resistor  value  is  calculated  from: 


CURRENT  SETTING  CIRCUITS 


RS  = 


(VSUPPLY-1.1V) 

•set 


,  where  Isy"  15  Iset 
(See  graph  below) 


Note  that  the  set  resistor  can  go  to  either  negative  supply  or 
to  ground.  If  the  set  resistor  goes  to  negative  supply,  then 
vsupply=  (V+)  -  ( V-).  For  a  single-supply  circuit,  Vsupply  Is 
simply  (V+).  If  the  supply  voltage  varies  widely,  set  current 
can  be  stabilized  with  circuits  (a),  (b),  or  (c). 

The  relationship  between  supply  voltage,  supply  current  and 
set  current  can  be  approximated  by: 

"SI  .10+i2£+)li2t>  (TA=25-C) 
Iset  o 

The  ratio -r^- Increases  with  temperature  by  approximately 

'set 
0.05%/°  C. 


SUPPLY  CURRENT  vs  TEMPERATURE 


-75    -50    -26      0      29      50     75     100  125 
TEMPERATURE  CCI 


(a) 


'set  *  iinr  'oss  *  'set 


(b) 


<c) 


•set*  it 


INPUT  BIAS  CURRENT 

Input  bias  current  varies  directly  with  set  current.  The  set 
current  required  for  a  given  supply  current  ranges  from 
Isy/10.5  at  ±  1 .5V  supply  voltage  to  I  Sy/1S  at  ±  1 5V.  Therefore, 
I B  will  be  highest  at  the  minimum  supply  voltage  condition  of 
±1.5V  (or3V)  for  any  given  supply  current. 
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OP-32  HIGH-SPEED  PROGRAMMABLE  MICROPOWER  OPERATIONAL  AMPLIFIER 


OFFSET  NULLING  CIRCUIT 


BATTERY-POWERED,  GAIN-OF-100  AMPLIFIER 


o- 

tNMJT 


OFFSET  VOLTAGE  ADJUSTMENT 

The  offset  voltage  can  be  trimmed  to  zero  using  a  100kft 
potentiometer  (see  offset  nulling  circuit).  Adjusting  the  pot 
wiper  towards  pin  5  causes  the  output  to  go  positive. 
Adjustment  range  is  approximately  ±5mV at  Vs= ±  15V.  The 
V0s  adjust  range  is  proportional  to  supply  voltage.  Resolu- 
tion of  the  nulling  can  be  increased  by  using  a  smaller  pot  in 
conjunction  with  fixed  resistors. 

If  power  supply  voltages  vary  widely  and  the  set  current  is 
established  by  a  resistor,  the  op  amp  supply  currents  will  vary 
in  proportion  to  the  supply  voltage  changes.  V0s  will  remain  . 
almost  constant  with  supply  current  changes  if  the  null  pins 
(1  and  5)  are  not  used.  If  a  V0s  adjust  pot  is  used,  current 
variations  may  flow  through  the  offset  pot  causing  an 
apparent  V0s  change.  If  a  V0s  adjust  pot  is  used  in  combina- 
tion with  widely-varying  supply  voltages,  a  set-current 
stabilizer  circuit  as  shown  in  (a),  (b),  or  (c)  is  recommended. 

APPLICATIONS  EXAMPLE 
BATTERY-POWERED,  GAIN-OF-100  AMPLIFIER 

The  simple  noninverting  amplifier  circuit  shown  in  Figure  1 
provides  an  accurate  gain-of-100  while  operating  from  a  pair 
of  9V  batteries.  The  circuit  requires  only  15/iA  of  supply 
current.  Slew-rate  is  approximately  0.06V/#*sec  and  output 
swing  is  ±8V. 

A  value  of  500kfl  was  chosen  for  R2.  For  a  gain  of  100,  R1  is 
calculated  as: 

R2 

Avcl=1+-^" 


100  =  1  + 


500kn 


Using  an  OP-32B/F,  we  can  expect  an  lB+  los/2  of  less  than 
S.SnA  when  operating  at  Isv  of  15/iA,  so  the  Input  offset 
caused  by  lBRi  will  be  negligible  (8.5nA  x  5.05kn  ~  43/iV>. 

The  set  resistor  R$  needed  for  a  supply  current  of  15/iA  is 
calculated  from: 


Vsupply-1-IV  _  18V-1.1V 


Isy/15 
16.9MA 


1/i  A 


•••  Ri  =  5.05kn 


Offset  voltage  adjustment  is  optional.  An  OP-32B/F  has 
maximum  input  offset  voltage  of  500/iV  which  would  cause 
an  output  offset  voltage  of  SOmV.  Drift  over  temperature  is 
very  low,  typically  less  than  1  .Oix  V/"  C,  and  is  guaranteed  to  be 
less  than  2.0/iV/°C.  PSRR  is  also  low,  only  6/1 V/V,  so  battery 
voltage  change  has  negligible  effect  on  offset. 

Most  micropower  programmable  op  amps  lose  open-loop 
gain  and  CMRR  at  low  supply  currents.  The  OP-32  design 
overcomes  these  limitations  so  accuracy  is  maintained  at 
supply  currents  of  only  a  few  microamps.  The  OP-32B/F 
used  in  this  example  has  a  minimum  open-loop  gain  of  over 
117dB.  Gain  error  due  to  finite  open-loop  gain  will  be  less 
than  100/750,000,  which  is  only  133  PPM.  CMRR  will  typically 
be  110dB,  an  error  of  3PPM.  Gain  accuracy  of  the  circuit  is 
almost  entirely  dependent  on  the  accuracy  of  the  R1/R2  ratio; 
the  op  amp  contributes  less  than  0.015%  gain  error. 

Considering  all  error  sources,  this  simple  X100  battery- 
powered  circuit  using  an  OP-32B/F  is  capable  of  achieving 
excellent  accuracy.  Without  external  adjustments  of  any 
kind,  output  offset  will  be  less  than  54mV  and  gain  accuracy 
will  be  better  than  ±0.015%  (exclusive  of  R2/R1  error).  Gain 
linearity,  slew-rate  symmetry,  and  stability  over  temperature 
are  all  excellent  with  the  OP-32,  making  circuit  performance 
very  predictable. 
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HD  OP- 37 

LOW-NOISE  PRECISION  HIGH-SPEED 
OPERATIONAL  AMPLIFIER  (AVCL  ^  5| 


Precision  Monolith ics  Inc. 


FEATURES 

•  Low  Noise   80nVp-p  (0.1Hz  to  10Hz) 

  3nVA/HTat1kHz 

•  Low  Drift   0.2/iV/°C 

•  High  Speed  17V//ts  Slew  Rate 

 63MHz  Gain  Bandwidth 

•  Low  Input  Offset  Voltage    10/iV 

•  Excellent  CMRR  ...  126dB  (Common-Voltage ol ±11V) 

•  High  Open-Loop  Gain   1.8  Million 

•  Replaces  725,  OP-OS,  OP-06,  OP-07,  ADS10,  AD517, 
SESS34in  Gains  >  5 

ORDERING  INFORMATION! 


PACKAGE 

TA=25"C 

HERMETIC  HERMETIC 

PLASTIC 

OPERATING 

VosMAX 

TO-89 

DIP 

DIP 

TEMPERATURE 

(f.V) 

B-PIN 

8-PIN 

a-piN 

LCC 

RANGE  ' 

25 

OP37AJ' 

0P37AZ- 

MIL 

25 

OP37EJ 

-  OP37EZ 

OP37EP 

IND/COM 

60 

OP37BJ- 

0P37BZ- 

OP37BRC/883 

MIL 

60 

OP37FJ 

0P37F2 

OP37FP 

IND/COM 

100 

OP37CJ- 

0P37CZ 

MIL 

100 

.0P37GJ 

0P37GZ 

0P37GP 

IND/COM 

'  For  devices  processed  in  total  compliance  to  MIL-STD-683.  add  /883  alter 

part  number.  Consult  factory  (or  863  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see'1988 

Data  Book.  Section  2. 

GENERAL  DESCRIPTION 

The  OP-37  provides  the  same  high  performance  as  the  OP-27, 
but  the  design  is  optimized  for  circuits  with  gains  greater 
than  five.  This  design  change  Increases  slew  rate  to  17V/psec 
and  gain-bandwidth  product  to  63MHz. 

The  OP-37  provides  the  low  offset  and  drift  of  the  OP-07  plus 
higher  speed  and  lower  noise.  Offsets  down  to  25>»V  and  drift 
of  0.6pV7°C  maximum  make  the  OP-37  ideal  for  precision 
instrumentation  applications.  Exceptionally  low  noise 


(en=3.5nV/V  Hz  at  10Hz),  a  low  1/f  noise  corner  frequency  of 
2.7Hz,  and  the  high  gain  of  1 .8  million,  allow  accurate  high-gain 
amplification  of  low-level  signals. 

The  low  I  nput  bias  current  of  ±  10n  A  and  offset  current  of  7n  Aare 
achieved  by  using  a  bias-current-cancellation  circuit.  Over 
the  military  temperature  range  this  typically  holds  Is  and  los 
to  ±20nA  and  1SnA  respectively. 

The  output  stage  has  good  load  driving  capability.  A  guaran- 
teed swing  of  ±  10V  into  600fl  and  low  output  distortion  make 
the  OP-37  an  excellent  choice  for  professional  audio 
applications. 

PSRR  and  CMRR  exceed  120dB.  These  characteristics, 
coupled  with  long-term  drift  of  0.2/iV/month,  allow  the  circuit 

PIN  CONNECTIONS 


4  V-  (CASE) 

TO-99 
(J-Sufflx) 


<*  3  <i  8  *i 

z  y  z  y  z 

•lijIiJLdHw; 

N.c.  [3  |n  I  uc 

-in  JJ  Q7  v» 

N.C  7]  |m  hxl 


♦W  JJ  fjs  OUT 


8-PIN  HERMETIC  DIP 
(Z-Sulilx) 
EPOXV  MINI-DIP 
(P-Sufflx) 


OP-37BRC/883 
LCC  PACKAGE 
(RC-Suffix) 


SIMPLIFIED  SCHEMATIC 


INVERTING 
INPUT  t*| 


is 
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OP-37  LOW-NOISE  PRECISION  HIGH-SPEED  OPERATIONAL  AMPLIFIER 


designer  to  achieve  performance  levels  previously  attained 
only  by  discrete  designs. 

Low-cost,  high-volume  production  of  the  OP-37  is  achieved  by 
using  on-chip  zener-zap  trimming.  This  reliable  and  stable 
offset  trimming  scheme  has  proved  its  effectiveness  over 
many  years  of  production  history. 

The  OP-37  brings  low-noise  instrumentation-type  perfor- 
mance to  such  diverse  applications  as  microphone,  tape- 
head,  and  RIAA  phono  preamplifiers,  high-speed  signal  con- 
ditioning for  data  acquisition  systems,  and  wide-bandwidth 
instrumentation. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  4) 

Supply  Voltage   ±22V 

Internal  Power  Dissipation  (Note  1)    500mW 

Input  Voltage  (Note  3)   ±22V 

Output  Short-Circuit  Duration    Indefinite 

Differential  Input  Voltage  (Note  2)    ±0.7V 

Differential  Input  Current  (Note  2)    ±25mA 

Storage  Temperature  Range   -65°C  to +150°C 


Operating  Temperature  Range 
OP-37A,  OP-37B,  OP-37C  (J,  Z,  RC)  . . . .  -55"  C  to  + 125°  C 

OP-37E,  OP-37F,  OP-37G  (J,  Z)    -25°C  to  +85°C 

OP-37E,  OP-37F,  OP-37G  (P|  0°C  to  +70°C 

Lead  Temperature  Range  (Soldering,  60 sec)    300°C 

DICE  Junction  Temperature   -65°C  to  +  150°C 

NOTES: 

1.  Sco  table  lor  maximum  ambient  temperature  rating  and  derating  (actor. 

MAXIMUM  AMBIENT        DERATE  ABOVE 
TEMPERATURE         MAXIMUM  AMBIENT 
PACKAGE  TYPE  FOR  RATING  TEMPERATURE 

TO-99IJI  80°C  IlmW/'C 

8-Pin  Hermetic  DIP  iZ]  75°C  6.7mW/°C 

8-Pin  Plastic  DIP  (Pi  62°C  5.6mW/°C 

LCC  80°C  7.8mW/°C 

2.  The  OP-37's  inputs  are  protected  by  back-to-back  diodes.  Current  limiting 
resistors  are  not  used  in  order  to  achieve  low  noise.  It  differential  input 
voltage  exceeds  ±0.7V.  the  input  current  should  be  limited  to  25mA. 

3.  For  supply  voltages  less  than  ±  22V.  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

4.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 


OS 


ELECTRICAL  CHARACTERISTICS  at  VS  =  ±15V,  TA  =  25"  C,  unless  otherwise  noted. 


OP-37A/E 


OP-37B/F 


OP-37C/G 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

iNote  1| 

10 

25 

20 

60 

30 

100 

pV 

Long-Term  Vos 
Stability 

Vos/Time 

i  Notes  2.  3 

02 

10 

0.3 

1.5 

04 

2.0 

(■V/Mo 

Input  Offset  Current 

Iqs 

7 

35 

9 

50 

12 

75 

nA 

Input  Bias  Current 

>B 

±10 

±40 

±12 

±55 

±15 

±80 

nA 

Input  Noise  Voltage 

^np-p 

0.1Hz  to  10Hz 
(Notes 3.  5| 

o.oe 

0.18 

0.08 

0.16 

0  09 

0.25 

fVp-p 

Input  Noise 
Voltage  Density 

"„ 

l0  °  10Hz  Note  3) 
Iq  -  30Hz  (Nolo  3 
t0=  1000Hz  (Note  3) 

3.5 
3.1 
3.0 

5.5 
4.5 
3.8 

3.5 
3.1 

3.0 

5.5 
4.5 
38 

3.8 
3.3 
3.2 

8.0 
5.6 
4.5 

nV/v'ST 

Input  Noise 
Current  Density 

'n 

l0  "  10Hz  (Notes  3.  6| 
f0  =  30Hz  IN010S3,  6l 
f0=  1000Hz  Notes  3,  6 

1.7 
1.0 
0.4 

4.0 

2.3 
0.6 

1.7 
1.0 
0.4 

4.0 
2  3 
0.6 

1.7 
10 
04 

0.6 

pAV~H7 

Input  Resistance  — 
Differential-Mode 

R|N 

INote  71 

1.3 

6 

0.94 

5 

0.7 

4 

Ml! 

Input  Resistance  — 
Common-Mode 

RINCM 

3 

2.5 

2 

Gl! 

Input  Voltage  Range 

IVR 

±110 

±12.3 

♦no 

±12.3 

±11.0 

±12.3 

V 

Common -Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±11V 

114 

126 

106 

123 

100 

120 

dB 

Power  Supply 
Rejection  Ratio 

PSSR 

Vs  =  ±4V  to  ±18V 

1 

10 

1 

10 

2 

20 

liV/V 

RL>2kll.  Vo=±10V 

1000 

ieoo 

1000 

1800 

700 

1500 

Large-Signal 
Voltage  Gain 

*VO 

RLi  lkll.  V0=  ±10V 
RL  =  60011.  V0  =  ill 
Vs  =  ±4V.  lNole4l 

600 
250 

1500 
700 

800 
250 

1500 
700 

400 
200 

1500 
500 

V/mV 

Oulput  Voltage 

RL*  2k(! 

±12.0 

±13.8 

±12.0 

±13.8 

±11.5 

±13.5 

Swing 

Vo 

RL>  60011 

+  10.0 

±11.5 

±10.0 

±11.5 

±100 

±11.5 

V 

Slew  Rate 

SR 

RL>2k(!  i  Note  4) 

11 

17 

11 

17 

11 

17 

V/^s 

Gain  Bandwidth  Prod. 

GBW 

l0    10kHz  iNote  4| 
l0  1MHz 

45 

63 
40 

45 

63 
40 

45 

63 
40 

MHz 

< 

2 
O 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  259C.  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-37A/E 

MIN      TYP  MAX 

OP-37B/F 
MIN      TYP  MAX 

OP-37C/G 
MIN      TYP  MAX 

UNITS 

Open-Loop  Output 
Resistance 

Vo  =  0,  lo  =  0 

—         70  - 

—         70  — 

-         70  — 

n 

Power  Consumption 

Pd 

v0  =  o 

-         90  140 

—         90  140 

—        100  170 

mW 

Offset  Adjustment 
Range 

Bp=10kn 

—      ±4.0  — 

—      ±4.0  — 

—      ±4.0  — 

mV 

NOTES: 

1.  Input  offset  voltage  measurements  are  performed  by  automated  test 
equipment  approximately  0.5  seconds  after  application  of  power.  A/E 
grades  guaranteed  fully  warmed  up. 

2.  Long-term  input  offset  voltage  stability  refers  to  the  average  trend  line  of 
Vqs  vs.  Time  over  extended  periods  after  the  first  30  days  of  operation. 
Excluding  the  initial  hour  of  operation,  changes  in  Vos  during  the  first  30 


days  are  typically  2.5/.V  —  refer  to  typical  performance  curve. 

3.  Sample  tested. 

4.  Guaranteed  by  design. 

5.  See  test  circuit  and  frequency  response  curve  for  0.1  Hz  to  10Hx  tester. 

6.  See  test  circuit  for  current  noise  measurement 

7.  Guaranteed  by  Input  bias  current. 


ELECTRICAL  CHARACTERISTICS  for  Vs  =  ±  15V,  -55° C  <  TA  <  + 125°  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-37A 
TYP 

MAX 

MIN 

OP-37B 

TYP 

MAX 

MIN 

OP-37C 

TYP 

MAX 

UNITS 

Input  Offset  voltage 

v0s 

(Note  1 1 

30 

60 

50 

200 

70 

300 

«v 

Average  Input 
Offset  Drift 

TCVos 
TCVqso 

(Note  2) 
(Note  3) 

0.2 

0.6 

0.3 

1.3 

0.4 

1.8 

(iWC 

fnput  Offset  Current 

'os 

15 

SO 

22 

85 

30 

135 

nA 

Input  Bias  Current 

la 

±20 

±60 

±28 

±95 

±35 

±150 

nA 

Input  Voltage  Range 

IVR 

±10.3 

±11.5 

±10.3 

±11.5 

±10.2 

±11.5 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±10V 

108 

122 

100 

119 

94 

118 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±4.5Vto±18V 

2 

16 

2 

20 

4 

51 

(iV/V 

Large-Signal 
Voltage  Gain 

Avo 

RL>2ka  Vo  =  ±10V 

600 

1200 

500 

1000 

300 

800 

V/mV 

Output  Voltage 
Swing 


RL22ktl 


±10.5  ±13.0 


ELECTRICAL  CHARACTERISTICS  for  Vs  =  ±15V.  -25°C  <  TA <  +85°C  for  OP-37J  and  OP-37Z,  0°C  £ TA<  +70°C  for 
OP-37P,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-37E 
TYP 

MAX 

MIN 

OP-37F 

TYP 

MAX 

MIN 

OP-37G 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

20 

SO 

40 

140 

55 

220 

pV 

Average  Input 
Offset  Drift 

TCVqs 
TCVosn 

(Note  2) 
[Note  3) 

0.2 

0.6 

0.3 

1.3 

0.4 

1.8 

uWC 

Input  Offset  Current 

'os 

10 

50 

14 

85 

20 

135 

nA 

Input  Bias  Current 

■b 

±14 

±60 

±18 

±95 

±25 

±150 

nA 

Input  Voltage  Range 

IVR 

±10.5 

±11.8 

±10.5 

±11.8 

±10.5 

±11.8 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±10V 

110 

124 

102 

121 

98 

118 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±4.5Vto±18V 

2 

15 

2 

18 

2 

32 

(iV/V 

Large-Signal 
Voltage  Gain 

AV0 

RL2  2kn.Vo  =  ±10V 

750 

1500 

700 

1300 

450 

1000 

V/mV 

Output  Voltage 
Swing 

v0 

RL>2kll 

±11.7 

±13.6 

±11.4 

±13.5 

±11.0 

±13.3 

V 

NOTES:  2.  The  TCVos  performance  is  within  the  specifications  unnulled  or  when 
1.  Input  offset  voltage  measurements  are  performed  by  automated  test  nullodwlthflP=8l<nto20kn.TCV03!s100*testedlorA/Egrades.samplo 

equipment  approximately  0.5  seconds  after  application  of  power.  A/E  tested  for  B/C/F/G  grades. 

grades  guaranteed  fully  warmed  up.  3.  Guaranteed  by  design. 
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OP-37  LOW-NOISE  PRECISION  HIGH-SPEED  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS 


DIE  SIZE  0.098  X  0.056  inch,  5488  sq.  mils 
(2.49  X  1.42  mm,  3.54  sq.  mm) 

For  additional  DICE  ordering  information,  refer 
to  1988  Data  Book,  Section  2. 

1.  NULL 

2.  (-)  INPUT 

3.  (+)  INPUT 
,  4.  V- 

6.  OUTPUT 

7.  V  + 

B.  NULL 

WAFER  TEST  LIMITS  at  VS  =  ±15V,  TA  =  25°  C  for  OP-37N,  OP-37G  and  OP-37GR  devices;  TA  =  125° C  for  OP-37NT  and 
OP-37GT  devices,  unless  otherwise  noted. 


OP-37NT 

OP-37N 

OP-37GT 

OP-37G 

OP-37GR 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

I  Note  1 1 

60 

35 

200 

60 

100 

dV  MAX 

Input  Offset  Current 

'os 

50 

35 

85 

50 

75 

nA  MAX 

Input  Bias  Current 

'o 

±60 

±40 

±95 

±65 

±80 

nA  MAX 

Input  Voltage  Range 

IVR 

±10.3 

±11 

±10.3 

±11 

±11 

V  MIN 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM=±11V 

10B 

114 

100 

106 

100 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

TA=2S»C.VS  = 
TA=  125-C.  Vs 

±4V  to  ±18V 
=  ±4.5V  to±18V 

10 
16 

10 

10 

20 

10 

20 

,iV/V  MAX 

Large-Signal 

RL2  2k(l.  V0  = 

±10V 

600 

10O0 

500 

10O0 

700 

V/mV  MIN 

Voltage  Gain 

Avo 

RL>  1k!l.  V0  = 

±10V 

800 

aoo 

Output  Voltage  Swing 

v0 

RL>2k(l 
RL>  60011 

±11.5 

±12.0 
±10.0 

±11.0 

±12.0 
±10.0 

±11.5 
±10.0 

V  MIN 

Power  Consumption 

Pa 

v0  =  o 

140 

140 

170 

mW  MAX 

NOTES: 

For25"Ccharacteristicsof  OP-37NTand  OP-37GT devices.  seeOP-37Nand 
OP-37G  characteristics,  respectively. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  asembly  and  testing. 
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TYPICAL  ELECTRICAL  CHARACTERISTICS  at  VS  =  ±15V,  TA  =  +25° C,  unless  otherwise  noted. 


OP-37NT     OP-37N  OP-37GT     OP-37G  OP-37GR 
PARAMETER  SYMBOL       CONDITIONS  TYPICAL       TYPICAL       TYPICAL       TYPICAL       TYPICAL  UNITS 


Average  Input  Offset 
Voltage  Drift 

TCV0S  or 
TCV0Sn 

Nulled  or  Unnulled 
Rp=8kllto20kll 

0.2 

0.2 

0.3 

0.3 

0.4 

jiWC 

Average  Input  Offset 
Current  Drift 

TCI0S 

80 

80 

130 

130 

180 

pA/°C 

Input  Noise 

f0=  10Hz 

3.5 

3.5 

3.5 

3.5 

3.8 

Voltage  Density 

"n 

fo=30Hz 

3  1 

3.1 

3.1 

3.1 

3.3 

nV/v  Hz 

fQ=  1000Hz 

3.0 

3.0 

3.0 

3.0 

3.2 

Input  Noise 

fQ=  10Hz 

1.7 

1.7 

1.7 

1.7 

1.7 

Current  Density 

in 

fo  =  30Hz 

1.0 

1.0 

1.0 

1.0 

1.0 

pA/v/  Hz 

fD=  1000Hz 

0.4 

0.4 

0.4 

04 

0.4 

Input  Noise  Voltage 

enp-p 

0.1Hz  to  10Hz 

0.08 

o.oa 

0.08 

0.08 

0.09 

^Vp.p 

Slew  Rate 

SR 

RL2  2kll 

17 

17 

17 

17 

17 

V/^s 

Gain  Bandwidth  Product 

GBW 

fQ=  10kHz 

63 

63 

63 

63 

63 

MHz 

NOTE: 


1.   Input  offset  voltage  measurements  are  performed  by  aulomated  lest 
equipment  approximately  0.5  seconds  after  application  of  power. 
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OP-37  LOW-NOISE  PRECISION  HIGH-SPEED  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


A  COMPARISON  OF 

NOISE-TESTER  FREQUENCY  VOLTAGE  NOISE  DENSITY  OP  AMP  VOLTAGE 

RESPONSE  (0.1Hz  TO  10Hz)  vs  FREQUENCY  NOISE  SPECTRA 


INPUT  WIDEBAND  VOLTAGE 

NOISE  vs  BANDWIDTH  (0.1  Hz  TOTAL  NOISE  vs  SOURCE  VOLTAGE  NOISE  DENSITY 

TO  FREQUENCY  INDICATED)  RESISTANCE  vs  TEMPERATURE 


VOLTAGE  NOISE  DENSITY 
vs  SUPPLY  VOLTAGE 


I  ■  25°C 

AT  10H1 
AT  UHl 

CURRENT  NOISE  DENSITY 
vs  FREQUENCY 


l/t  CORNER 
HOHt 


SUPPLY  CURRENT  vs 
SUPPLY  VOLTAGE 


 ta  ■ 

T 

a  ■  !25*C 

ta  -  - 

ss-c 

TOTAL  SUPPLY  VOLTAGE  (V*  -  V-)  (VOLTS) 


FREQUENCY  (Ht| 


TOTAL  SUPPLY  VOLTAGE  (VOLTS) 
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OP-37  LOW-NOISE  PRECISION  HIGH-SPEED  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


OFFSET  VOLTAGE  DRIFT  OF  LONG-TERM  OFFSET 

EIGHT  REPRESENTATIVE  VOLTAGE  DRIFT  OF  SIX  WARM-UP  OFFSET 

UNITS  V8  TEMPERATURE  REPRESENTATIVE  UNITS  VOLTAGE  DRIFT 


TIME  (S£C)  TEMPERATURE  f CI  TEMPERATURE  f*C> 


SLEW  RATE,  GAIN  BANDWIDTH 
OPEN-LOOP  GAIN  vs  PRODUCT,  PHASE  MARGIN  vs  GAIN,  PHASE  SHIFT  vs 

FREQUENCY  TEMPERATURE  FREQUENCY 


FREQUENCY  (Mil  TEMPERATURE  (*CI  FREQUENCY  (Mil 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


OPEN-LOOP  VOLTAGE  GAIN  MAXIMUM  OUTPUT  SWING  MAXIMUM  OUTPUT  VOLTAGE 

vs  SUPPLY  VOLTAGE  vs  FREQUENCY  vs  LOAD  RESISTANCE 
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vs  CAPACITIVE  LOAD 
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COMMON-MODE  INPUT  RANGE 
vs  SUPPLY  VOLTAGE 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


NOISE  TEST  CIRCUIT  (0.1Hz  TO  10Hz  ) 


LOW-FREQUENCY  NOISE 


OPEN-LOOP  VOLTAGE  GAIN 
vs  LOAD  RESISTANCE 
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APPLICATIONS  INFORMATION 

OP-37  Series  units  may  be  inserted  directly  into  725,  OP-06, 
OP-07,  and  OP-05  sockets  with  or  without  removal  of  external 
compensation  or  nulling  components.  Additionally,  the  OP- 
37  may  be  fitted  to  unnulled  741-type  sockets;  however,  if 
conventional  741  nulling  circuitry  isin  use,  itshould  be  modi- 
fied or  removed  to  ensure  correct  OP-37  operation.  OP-37 
offset  voltage  may  be  nulled  to  zero  (or  other  desired  setting) 
using  a  potentiometer  (see  offset  nulling  circuit). 

The  OP-37  provides  stable  operation  with  load  capacitances 
of  up  to  1000pFand  ±  10V  swings;  larger  capacitances  should 
be  decoupled  with  a  50fl  resistor  inside  the  feedback  loop. 
Closed-loop  gain  must  be  at  least  five.  For  closed-loop  gain 
between  five  to  ten,  the  designer  should  consider  both  the 
OP-27  and  the  OP-37.  For  gains  above  ten,  the  OP-37  has  a 
clear  advantage  over  the  unity-gain-stable  OP-27. 

Thermoelectric  voltages  generated  by  dissimilar  metals  at 
the  input  terminal  contacts  can  degrade  the  drift  perfor- 
mance. Best  operation  will  be  obtained  when  both  input 
contacts  are  maintained  at  the  same  temperature. 


OFFSET  NULLING  CIRCUIT 


OFFSET  VOLTAGE  ADJUSTMENT 

The  input  offset  voltage  of  the  OP-37  is  trimmed  at  wafer 
level.  However,  if  further  adjustment  of  V0s  is  necessary,  a 
10kfltrim  potentiometer  may  be  used.  TCVosis  not  degraded 
(see  offset  nulling  circuit).  Other  potentiometer  values  from 
1kH  to  1MH  can  be  used  with  a  slight  degradation  (0.1  to 
0.2/iV/°C)  of  TCVqs-  Trimming  to  a  value  other  than  zero 
creates  a  drift  of  approximately  (VOs/300)  pV/°C.  For  exam- 
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pie,  the  change  in  TCV0s  will  be  0.33/iV/°  C  If  VDs  is  adjusted 
to  IOOjjV.  The  offset-voltage  adjustment  range  with  a  10kfl 
potentiometer  is  ±4mV.  If  smaller  adjustment  range  Is  re- 
quired, the  nulling  sensitivity  can  be  reduced  by  using  a 
smaller  pot  in  conjunction  with  fixed  resistors.  For  example, 
the  network  below  will  have  a  ±280>V  adjustment  range. 


VW  S^fi — ■  AV  O 


BURN-IN  CIRCUIT 


NOISE  MEASUREMENTS 

To  measure  the  80nV  peak-to-peak  noise  specification  of  the 
OP-37  in  the  0.1  Hz  to  10Hz  range,  the  following  precautions 
must  be  observed: 

( 1 )  The  device  has  to  be  warmed-up  for  at  least  five  minutes. 
As  shown  in  the  warm-up  drift  curve,  the  offset  voltage 
typically  changes  4/iV  due  to  increasing  chip  tempera- 
ture after  power-up.  In  the  10  second  measurement  inter- 
val, these  temperature-induced  effects  can  exceed  tens- 
'  of-  nanovolts.  - 

(2)  For  similar  reasons,  the  device  has  to  be  well-shielded 
from  air  currents.  Shielding  minimizes  thermocouple 
effects. 

(3)  Sudden  motion  in  the  vicinity  of  the  device  can  also  "feed- 
through"  to  increase  the  observed  noise. 

(4)  The  test  time  to  measure  0.1  Hz-to-10Hz  noise  should  not 
exceed  10  seconds.  As  shown  in  the  noise-tester  fre- 
quency response  curve,  the  0.1  Hz  corner  is  defined  by 
only  one  zero.  The  test  time  of  10  seconds  acts  as  an 
additional  zero  to  eliminate  noise  contributions  from  the 
frequency  band  below  0.1  Hz. 

(5)  A  noise-voltage-density  test  is  recommended  when 
measuring  noise  on  a  large  number  of  units.  A  10Hz 
noise-voltage-density  measurement  will  correlate  well 
with  a  0.1  Hz-to-10Hz  peak-to-peak  noise  reading,  since 
both  results  are  determined  by  the  white  noise  and  the 
location  of  the  1/f  corner  frequency. 

OPTIMIZING  LINEARITY 

Best  linearity  will  be  obtained  by  designing  for  the  minimum 
output  current  required  for  the  application.  High  gain  and 
excellent  linearity  can  be  achieved  by  operating  the  op  amp 
with  a  peak  output  current  of  less  than  ±10mA. 


INSTRUMENTATION  AMPLIFIER 

A  three-op-amp  instrumentation  amplifier  provides  high  gain 
and  wide  bandwidth.  The  input  noise  of  the  circuit  below  is 
4.9nV/V  Hz  .  The  gain  of  the  input  stage  is  set  at  25  and  the 
gain  of  the  second  stage  is  40;  overall  gain  is  1000.  The 
amplifier  bandwidth  of  800kHz  is  extraordinarily  good  for  a 
precision  instrumentation  amplifier.  Set  to  a  gain  of  1000,  this 
yields  a  gain-bandwidth  product  of  800MHz.  The  full-power 
bandwidth  for  a  20Vp.p  output  is  250kHz.  Potentiometer  R7 
provides  quadrature  trimming  to  optimize  the  instrumenta- 
tion amplifier's  AC  common-mode  rejection. 


COMMENTS  ON  NOISE 

The  OP-37  is  a  very  low-noise  monolithic  op  amp.  The  out- 
standing input  voltage  noise  characteristics  of  the  OP-37  are 
achieved  mainly  by  operating  the  input  stage  at  a  high  quies- 
cent current.  The  input  bias  and  offset  currents,  which  would 
normally  increase,  are  held  to  reasonable  values  by  the  input- 
bias-current  cancellation  circuit.  The  OP-37 A/E  has  Ib  and 
I os  of  only  ±40nA  and  35nA  respectively  at  25°  C.  This  is 
particularly  important  when  the  input  has  a  high  source- 
resistance.  In  addition,  many  audio  amplifier  designers 
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PEAK-TO-PEAK  NOISE  (0.1  to 
10Hz)  vs  SOURCE  RESISTANCE 
(INCLUDES  RESISTOR  NOISE) 


RESISTOR 
NOISE  CWLV 

 ' 


1  Ms  UNMATCHED 
ZRSMATCKEO 


Figure  2 


RS- SOURCE  RESISTANCE  ml 


prefer  to  use  direct  coupling.  The  high  Ib,  TCVos  of  previous 
designs  have  made  direct  coupling  difficult,  if  not  impossible, 
to  use. 

Voltage  noise  is  inversely  proportional  to  the  square-root  of 
bias  current,  but  current  noise  is  proportional  to  the  square- 
root  of  bias  current.  The  OP-37's  noisaadvantage  disappears 
when  high  source-resistors  are  used.  Figures  1,2,  and  3 
compare  OP-37  observed  total  noise  with  the  noise  perfor- 
mance of  other  devices  in  different  circuit  applications. 

Total  noise  =  [(Voltage  noise)2  +  (current  noise  x  Rs)2  + 
(resistor  noise2  ] 1/2 

Figure  1  shows  noise-versus-source-resistance  at  1000Hz. 
The  same  plot  applies  to  wideband  noise.  To  use  this  plot, 
just  multiply  the  vertical  scale  by  the  square-root  of  the 
bandwidth. 

At  Rs<1  kn,  the  OP-37's  low  voltage  noise  is  maintained.  With 
Rs<  1kn,  total  noise  increases,  but  is  dominated  by  the  resis- 
tor noise  rather  than  current  or  voltage  noise.  It  is  only 


beyond  Rs  of  zukfl  that  current  noise  starts  to  dominate.  The 
argument  can  be  made  that  current  noise  is  not  important  for 
applications  with  low-to-moderate  source  resistances.  The 
crossover  between  the  OP-37  and  OP-07  and  OP-08  noise 
occurs  in  the  15-to-40kfl  region. 

Figure  2  shows  the  0.1Hz-to-10Hz  peak-to-peak  noise.  Here 
the  picture  is  less  favorable;  resistor  noise  Is  negligible,  cur- 
rent noise  becomes  important  because  it  is  inversely  propor- 
tional to  the  square-root  of  frequency.  The  crossover  with  the 
OP-07  occurs  in  the  3-to  5kft  range  depending  on  whether 
balanced  or  unbalanced  source  resistors  are  used  (at  3kO  the 
lB,  I os  error  also  can  be  three  times  the  V0s  spec.). 

Therefore,  for  low-frequency  applications,  the  OP-07  is  bet- 
ter than  the  OP-27/37  when  Rs  >  3kn.  The  only  exception  is 
when  gain  error  is  important.  Figure  3  illustrates  the  10Hz 
noise.  As  expected,  the  results  are  between  the  previous  two 
figures. 

For  reference,  typical  source  resistances  of  some  signal 
sources  are  listed  in  Table  1 . 

Table  1 


DEVICE 

SOURCE 
IMPEDANCE 

COMMENTS 

Strain  gauge 

<soon 

Typically  used  in  low-frequency 
applications. 

Magnetic 
tapchoad 

<isoon 

Low  fB  very  important  to  reduce 
sell-magnetization  problems  when 
direct  coupling  is  used.  OP-37  lB 
can  be  neglected. 

Magnetic 

phonograph 

cartridges 

<i5oon 

Similar  need  for  low  \q  In  direct 
coupled  applications.  OP-37  will  not 
introduce  any  self-magnetization 
problem. 

Linear  variable 

differential 

transformer 

< 15000 

Used  in  rugged  servo-feedback 
applications.  Bandwidth  of  interest 
Is  400Hz  to  5kHz. 
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AUDIO  APPLICATIONS 

The  following  applications  information  has  been  abstracted 
from  a  PMI  article  In  the  12/20/80  issue  of  Electronic  Design 
magazine  and  updated. 
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Figure  4 


-  1kHz  GAIN 

-o.ioi(i.51) 

■  88.677  (39.9  d  B)  AS  SHOWN 


Figure  4  is  an  example  of  a  phono  pre-amplif  ier  circuit  using 
the  OP-27  for  A-i;  R1-Rz-Ci-C2  form  a  very  accurate  RIAA 
network  with  standard  component  values.  The  popular  method 
to  accomplish  RIAA  phono  equalization  is  to  employ 
frequency-dependent  feedback  around  a  high-quality  gain 
block.  Properly  chosen,  an  RC  network  can  provide  the  three 
necessary  time  constants  of  3180, 318,  and  75/js.1 

For  initial  equalization  accuracy  and  stability,  precision 
metal-film  resistors  and  film  capacitors  of  polystyrene  or 
polypropylene  are  recommended  since  they  have  low  voltage 
coefficients,  dissipation  factors,  and  dielectric  absorption.4 
(High-K  ceramic  capacitors  should  be  avoided  here,  though 
low-K  ceramics— such  as  NPO  types,  which  have  excellent 
dissipation  factors,  and  somewhat  lower  dielectric  absorption 
—  can  be  considered  for  small  values  or  where  space  is  at 
a  premium.) 

The  OP-27  brings  a  3.2nV/V  Hz  voltage  noise  and  0.45 
pA/i/Hz"  current  noise  to  this  circuit.  To  minimize  noise 
from  other  sources,  R3  is  set  to  a  value  of  100n,  which 
generates  a  voltage  noise  of  1.3nV/V  Hz  .  The  noise  in- 
creases the  3.2nV/V  Hz  of  the  amplifier  by  only  0.7dB.  With 
a  1  kft  source,  the  circuit  noise  measures  63dB  below  a  1  mV 
reference  level,  unweighted,  in  a  20kHz  noise  bandwidth. 

Gain  (G)  of  the  circuit  at  1kHz  can  be  calculated  by  the 
expression: 


G  =  0.101  (1  + 


R3 


For  the  values  shown,  the  gain  is  just  under  100  (or  40dB). 
Lower  gains  can  be  accommodated  by  increasing  R3.  but 
gains  higher  than  40dB  will  show  more  equalization  errors 
because  of  the  8MHz  gain-bandwidth  of  the  OP-27. 


This  circuit  is  capable  of  very  low  distortion  over  its  entire 
range,  generally  below  0.01%  at  levels  up  to  7V  rms.  At  3V 
output  levels,  it  will  produce  less  than  0.03%  total  harmonic 
distortion  at  frequencies  up  to  20kHz. 

Capacitor  C3  and  resistor  R4  form  a  simple  -6dB-per-octave 
rumble  filter,  with  a  corner  at  22 Hz.  As  an  option,  the  switch- 
selected  shunt  capacitor  C4,  a  nonpolarized  electrolytic, 
bypasses  the  low-frequency  rolloff.  Placing  the  rumble  fil- 
ter's high-pass  action  after  the  preamp  has  the  desirable 
result  of  discriminating  against  the  RIAA-ampllfled  low- 
frequency  noise  components  and  pickup-produced  low- 
frequency  disturbances. 

A  preamplifier  for  NAB  tape  playback  is  similar  to  an  RIAA 
phono  preamp,  though  more  gain  is  typically  demanded, 
along  with  equalization  requiring  a  heavy  low-frequency 
boost.  The  circuit  in  Fig.  4  can  be  readily  modified  for  tape 
use,  as  shown  by  Fig.  S. 
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Figures 


While  the  tape-equalization  requirement  has  a  flat  high- 
frequency  gain  above  3kHz  (T2  =  50ps),  the  amplifier  need 
not  be  stabilized  for  unity  gain.  The  decompensated  OP-37 
provides  a  greater  bandwidth  and  slew  rate.  For  many  appli- 
cations, the  idealized  time  constants  shown  may  require 
trimming  of  R1  and  R2  to  optimize  frequency  response  for 
nonideal  tape-head  performance  and  other  factors.5 

The  network  values  of  the  configuration  yield  a  SOdB  gain  at 
1  kHz,  and  the  dc  gain  is  greater  than  70dB.  Thus,  the  worst- 
case  output  offset  Is  just  over  SOOmV.  A  single  0.47»iF  output 
capacitor  can  block  this  level  without  affecting  the  dynamic 
range. 

The  tape  head  can  be  coupled  directly  to  the  amplifier  input, 
since  the  worst-case  bias  current  of  8SnA  with  a  400mH,  100 
pin.  head  (such  as  the  PRB2H7K)  will  not  be  troublesome. 

One  potential  tape-head  problem  is  presented  by  amplifier 
bias-current  transients  which  can  magnetize  a  head.  The 
OP-27  and  OP-37  are  free  of  bias-current  transients  upon 
power  up  or  powerdown.  However,  it  isalwaysadvantageous 
to  control  the  speed  of  power  supply  rise  and  fall,  to  elimi- 
nate transients. 

In  addition,  the  dc  resistance  of  the  head  should  be  carefully 
controlled,  and  preferably  below  1kO.  For  this  configura- 
tion, the  bias-current-induced  offset  voltage  can  be  greater 
than  the  170jiV  maximum  offset  if  the  head  resistance  is  not 
sufficiently  controlled. 
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A  simple,  but  effective,  fixed-gain  transformerless  micro- 
phone preamp  (Fig.  6)  amplifies  differential  signals  from  low- 
impedance  microphones  by  50dB,  and  has  an  input  impe- 
dance of  2kfl.  Because  of  the  high  working  gain  of  the  circuit, 
an  OP-37  helps  to  preserve  bandwidth,  which  will  be  110kHz. 
As  the  OP-37  is  a  decompensated  device  (minimum  stable 
gain  of  5),  a  dummy  resistor.  Hp,  may  be  necessary,  if  the 
microphone  is  to  be  unplugged.  Otherwise  the  100%  feed- 
back from  the  open  input  may  cause  the  amplifier  to  oscillate. 


I-AV- 

Ikfi 


LOW  IMPEDANCE 
MICROPHONE  INPUT  0 
IZ-S9TD2D0HI 


H3  _  R4 
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Figures 


Common-mode  input-noise  rejection  will  depend  upon  the 
match  of  the  bridge-resistor  ratios.  Either  close-tolerance 
(0.1%)  types  should  be  used,  or  R4  should  be  trimmed  for  best 
CMRR.  All  resistors  should  be  metal-film  types  for  best  sta- 
bility and  low  noise. 

Noise  performance  of  this  circuit  is  limited  more  by  the  input 
resistors  R1  and  Rgthan  by  the  op  amp,  as  R1  and  R2each 
generate  a  4nV/V  Hz  noise,  while  the  op  amp  generates  a 
3.2nV/V  Hz  noise.  The  rms  sum  of  these  predominant  noise 
sources  will  be  about  6nV/\/Hz  ,  equivalent  to  0.9/iV  in  a 
20kHz  noise  bandwidth,  or  nearly  61  dB  below  a  1mV  input 
signal.  Measurements  confirm  this  predicted  performance. 

For  applications  demanding  appreciably  lower  noise,  a  high- 
quality  microphone-transformer-coupled  preamp  (Fig.  7) 
incorporates  the  internally  compensated  OP-27.  T1  is  a 
JE-115K-E  150fl/15kn  transformer  which  provides  an  opti- 
mum source  resistance  for  the  OP-27  device.  The  circuit  has 
an  overall  gain  of  40dB,  the  product  of  the  transformer's 
voltage  setup  and  the  op  amp's  voltage  gain. 

Gain  may  be  trimmed  to  other  levels,  If  desired,  by  adjusting 
R2  or  Hi.  Because  of  the  low  offset  voltage  of  the  OP-27,  the 
output  offset  of  this  circuit  will  be  very  low,  1 .7m  V  or  less,  for  a 


•T1  -  JENSEN  JE-115K-E 

JENSEN  TRANSFORMERS 
T073S8urbankB1*d. 
N.  Hollywood,  CA91S01 


Figure  7 


40dB  gain.  The  typical  output  blocking  capacitor  can  be 
eliminated  in  such  cases,  but  is  desirable  for  higher  gains  to 
eliminate  switching  transients. 

Capacitor  C2  and  resistor  R2  form  a  2jjs  time  constant  in  this 
circuit,  as  recommended  for  optimum  transient  response  by 
the  transformer  manufacturer.  With  C2  in  use,  A-i  must  have 
unity-gain  stability.  For  situations  where  the  2/ts  time  con- 
stant is  not  necessary,  C2  can  be  deleted,  allowing  the  faster 
OP-37  to  be  employed. 

Some  comment  on  noise  is  appropriate  to  understand  the 
capability  of  this  circuit.  A  150n  resistor  and  R1  and  R2  gain 
resistors  connected  to  a  noiseless  amplifier  will  generate  220 
nV  of  noise  in  a  20kHz  bandwidth,  or  73d B  below  a  imV 
reference  level.  Any  practical  amplifier  can  only  approach 
this  noise  level;  it  can  never  exceed  it.  With  the  OP-27  and  T, 
specified,  the  additional  noise  degradation  will  be  close  to 
3.6dB  (or -69.5  referenced  to  1mV). 
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Precision  Monolith ics  Inc. 


OP-41 


LOW- BIAS-CURRENT,  HIGH-STABILITY 
JFET  OPERATIONAL  AMPLIFIER 


FEATURES 

•  Low  Bias  Current  5pA  Max 

•  Low  Current  Consumption  1.0mA  Max 

•  High  Gain    1000V/mV  Min 

•  High  Common-Mode  Rejection  100dB  Min 

•  Symmetrical  Slew-Rates  ±1.0V/ps  Min 

•  Low  Harmonic  Distortion  <0.01%  at  5kHz 

•  Phase  Margin  77°  Typ 


ORDERING  INFORMATION! 


PACKAGE 

TA=25°C 

PLASTIC 

OPERATING 

V08MAX 

TO-99 

DIP 

TEMPERATURE 

(MV) 

B-PIN 

8-PIN 

RANGE 

500 

OP-41AJ' 

MIL 

250 

OP-41  EJ 

INO 

1000 

OP-41  B  J* 

MIL 

750 

OP-41  FJ 

IND 

2000 

OP-41  GP 

COM 

'  For  devices  processed  in  total  compliance  to  MIL-STD-B83,  add  /683  after 
part  number.  Consult  factory  (or  883  data  sheet. 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cordip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1S88 
Data  Book,  Section  2. 

GENERAL  DESCRIPTION 

The  OP-41  JFET-input  op  amp  features  a  5pA  max  bias  current 
with  an  open-loop  gain  of  over  1  million.  77°  of  phase  margin 
provides  exceptional  stability,  even  in  unity-gain  with  capaci- 
tive  loads.  The  output  is  guaranteed  stable  with  250pF  loads  at 
unity-gain,  and  will  typically  drive  several  thousand  pF.  Tran- 
sient response  is  extremely  clean,  and  is  considerably  improved 
over  industry-standard  JFET  amplifiers. 


SIMPLIFIED  SCHEMATIC 


The  OP-41 's  cascode  input  stage  boosts  CMR  to  over  100dB, 
improves  CMR  linearity,  and  stabilizes  bias  current  with  chang- 
ing common-mode  voltage.  The  linear  common-mode  rejection 
of  100dB  min  is  unusually  good  for  a  FET  input  amplifier.  The 
OP-41  consumes  only  75<VA  supply  current  and  has  a  power- 
supply  rejection  ratio  of  25/iV/V,  making  it  an  ideal  choice  for 
battery-operated  systems.  Despite  the  low  supply-drain,  the 
slew-rate  is  a  respectable  1.3V//is,  and  symmetrical.  Using 
zener-zap  trimming  techniques,  offset  voltage  is  adjusted  to 
below  500/jV  which  eliminates  the  need  for  external  nulling  in 
many  applications.  The  OP-41  s  guaranteed  gain  of  1  million 
into  a  2kn  load,  combined  with  the  linear  100dB  minimum 
CMR,  vastly  improves  linearity  over  competitive  low-cost  de- 
vices. Linearity  is  excellent  in  both  low-gain  and  high-gain 
amplifier  configurations.  In  voltage  follower  applications  CMR 
effects  dominate  linearity,  and  in  high-gain  applications  open- 
loop  gain  dominates  linearity,  hence  the  performance  advantage 
of  the  OP-41. 


PIN  CONNECTIONS 


null[7 
-in[T 
♦in  [7 
v-fT 


JJnc 


T|0UT 

TJnull 


EPOXY  MINI-DIP 
(P-Suffix) 


TO-99 
(J-Suf(ix) 


Manufactured  under  the  following  U.S.  patent:  4,538.115. 
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The  device  exhibits  rapid  recovery  from  signal  overload.  ABSOLUTE  MAXIMUM  RATINGS 

Following  saturation  at  the  positive  supply,  the  output  recovers  (Note  3) 

in  only  6/is,  and  from  a  negative  overdrive  in  only  100ns.  Supply  Voltage  ±18V 

Thecombinationoflow-power,lowbiascurrent.andhlgh-gain,  Internal  Power  Dissipation  (Note  1)  500mW 

plus  the  superior  CMR  and  PSRR  performance  of  the  OP-41,  '"Put  Voltage  (Note  2)  ±18V 

make  it  suitable  in  a  wide  variety  of  demanding  applications.  Output  Short-Circuit  Duration   Indefinite 

The  device  makes  an  excellent  output  amplifier  for  CMOS  Differential  Input  Voltage  (Note  2)  ±18V 

DACs.  Where  low-power  consumption  is  needed  in  portable  Storage  Temperature  Range  -65°C  to  +150°C 

instrumentation,  the  OP-41  permits  high-gain  and  high-  Operating  Temperature  Range 

accuracy  amplification  with  good  speed  performance.  The  low  OP-41A.B  (J)  -55°Cto+l25°C 

and  stable  bias  current  makes  it  an  excellent  choice  as  a  OP-41  E,  F   (J)   -25°C  to +85°C 

photodiode  amplifier  in  medical  applications.  OP-41G     (P)   0°Cto+70°C 

.  .     ,    ,  _ . .  ,      .  „         .  A.  .   ,         . .  Lead  Temperature  Range  (Soldering,  60  sec)  300°C 

A  standard  741  pin-out  a  lows  ex.st.ng  JFET  designs  and  low-  Junc(ion  Temperature  _65oC  t0  +150oC 

power  bipolar  designs  to  be  upgraded  by  switching  to  the 

/to  AA  NOTES! 

L'rMi.  1.   See  tsble  lor  maximum  ambient  temperature  rating  and  derating  lactor. 


MAXIMUM  AMBIENT      DERATE  ABOVE 
TEMPERATURE       MAXIMUM  AMBIENT 
PACKAGE  TYPE  FOR  RATING  TEMPERATURE 

TO-99(J)   eo°c   7.imwrc 

B-Pin  Plastic  DIP  (P)  6FC  5.6mW/°C 


2.  For  supply  voltages  less  than  ±18V,theabsolute  maximum  input  voltage  (s 
equal  to  the  supply  vottage. 

3.  Absolute  maximum  ratingsapply  to  both  OICEand  packaged  parts,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25°C,  unless  otherwise  noted. 


OP-41A/E 

OP-41  B/F 

OP-41  G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Offset  voltage 

Vos 

OP-41E/F/G 
OP-41  A/B 

200 
200 

250 
500 

400 
400 

750 
1000 

500 

2000 

(•V 

Offset  Current 

'os 

(Note  1) 

0.04 

1 

0  05 

2 

0.05 

5 

PA 

Bias  Current 

Is 

(Note  1) 

3.0 

5 

3.5 

10 

3.5 

20 

pA 

Open-Loop 
Voltage  Gain 

Avo 

RL  =  2ktl 
V0  =  ±10V 

1000 

5000 

500 

4000 

500 

4000 

V/mV 

Output  Voltage 
Swing 

v0 

RL  =  2k« 

±12.3 

±12.6 

±12.0 

+12.6 

±12.0 

±12.6 

V 

Supply  Current 

lSy 

V0  =  OV 

.75 

1.0 

.75 

1.2 

.75 

1.2 

mA 

Input  Voltage 
Range 

IVR 

(Note  2) 

±11 

+15 
-11.5 

±11 

+15 
-11.5 

±11 

♦15 
-11.5 

V 

Common-Mode 
Rejection 

CMR 

VCM  =  ±"V 

100 

115 

90 

110 

90 

110 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±10Vto±18V 

5 

25 

10 

80 

10 

80 

(iV/V 

Noise  Voltage 

Density  Referred 

1kHz 

32 

32 

32 

nV/^/Hz 

to  Input 

Short  Circuit 
Output  Current 

'so 

Short  Circuit 
to  Ground 

±12 

»20 
-18 

±36 

±12 

♦20 
-18 

±36 

±6 

♦20 
-18 

±36 

mA 

Slew  Rate 

SR 

1 

1.3 

1 

1.3 

1 

1.3 

vrw 

Gatn  Bandwidth 

GBW 

500 

500 

500 

kHz 

Power  Bandwidth 

BWP 

20 

20 

20 

kHz 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25°C,  unless  otherwise  noted.  (Continued) 


OP-41  A/E 

OP-41  B/F 

OP-41G 

PARAMETER 

SYMBOL 

CONDITIONS 

IAIN 

TYP  MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

10VStepAv  =  -1 

S&ttEing  Time 

10  — 

10 

10 

**s 

10  0.01% 

12  - 

12 

12 

Overload  Recovery 

Positive  Going 
Negative  Going 

0.1  - 
6.0  - 

0.1 
6.0 

0.1 
6.0 

(|S 

Capaciiive  Load 
Stability 

Av=  +1 
(Note  3) 

250 

>1000  - 

250 

>1000 

250 

>1000 

Open-Loop  Output 
Resistance 

150  - 

150 

150 

n 

1.  Warmed  up.  Vo*  =  0 

2.  Guaranteed  by  CMR  test. 

3.  Guaranteed  but  not  tested. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  TA  =  -55°C/+125°C.  unless  otherwise  noted. 


OP-41A 

OP-41  B 

PARAMETER 

'  SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Offset  Voltage 

vos 

— 

400 

1000 

— 

600 

2000 

JUV 

Temperature 

Coefficient  of 
Input  Offset 

TCVos 

2.5 

5 

3.5 

10 

Voltage 

Offset  Current 

los 

(Notel) 

40 

1000 

50 

2000 

PA 

Bias  Current 

>B 

(Notel) 

4000 

7500 

4500 

ISOOO 

PA 

Open-Loop 
Voltage  Gain 

RL  =  2kn 
VQ  =  ±10V 

1000 

5000 

500 

3000 

V/mV 

Output  Voltage 
Swing 

v0 

RL  =  2kn 

±12.0 

±12.5 

±11.5 

±12.5 

V 

Supply  Current 

'SY 

v0  =  ov 

.75 

1.2 

.75 

1.2 

mA 

Input  Voltage 
Range 

IVR 

(Note  2) 

±11 

♦15 
-11.5 

±11 

♦  15 
-11.5 

V 

Common-Mode 
Rejection 

CMR 

95 

105 

B5 

100 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=  +  10V  to  ±  18V 

5 

40 

10 

100 

,iV/V 

Short  Circuit 
Output  Current 

'sc 

Short  Circuit  to  Ground 

±6 

•  12 
-17 

±36 

±6 

♦  12 
-J7 

±36 

mA 

Stew  Rate 

SR 

1 

1.3 

1 

1.3 

V///S 

Gain  Bandwidth 

GBW 

500 

500 

kHz 

Power  Bandwidth 

BWp 

20 

20 

kHz 

Capacitive  Load 
Stability 

Ay  =  +1 

(Note  3) 

100 

>1000 

100 

>1000 

PF 

NOTES: 

1.  Warmed  up.  vCM  =  0 

2.  Guaranteed  by  CMR  test. 

3.  Guaranteed  but  not  tested. 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  -25°C/+85°C  for  E/F  grades  and  0°C/70°C  lor  G  grade,  unless 
otherwise  noted. 


OP-41  E 

OP-41F 

OP-41  G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Offset  Voltage 

250 

750 

500 

1750 

500 

2500 

*iV 

Temperature 

Coefficient  of 
Input  Offset 

TCV0S 

3.5 

8 

— 

7.5 

— 

7.5 

— 

vV/°C 

Voltage 

Offset  Current 

'os 

(Note  1) 

_ 

5 

100 



10 

200 



20 

_ 

PA 

Bias  Current 

lB 

(Note  1) 

- 

240 

500 

- 

300 

1000 

100 

500 

PA 

Open-Loop 
Voltage  Gain 

AV0 

Rl  =  2kO 
Vo  =  +10V 

1000 

5000 

500 

4000 

500 

4000 

V/mV 

wuijjui  vuiiuyu 
Swing 

Vo 

RL  =  2MI 

±12.0 

±12.6 

±11.5 

±12.5 

±11.5 

±12.5 

V 

Supply  Current 

lev 

■St 

Vq  -  ov 

0.75 

1.2 

0.75 

1.2 

0.75 

1.2 

Input  Voltage 
Range 

IVR 

(Note  2} 

±11 

+15 
-11.5 

— 

±11 

+  15 
-11.5 

— 

±11 

+  15 
-11.5 

— 

V 

Common-Mode 
Rejection 

CMR 

V™  =  +  11V 
"CM     — ' 1  " 

95 

110 

85 

100 

65 

100 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

VS=±10V  10  118V 

5 

40 

10 

100 

10 

100 

/iV/V 

Short  Circuit 
Output  Current 

'sc 

Short  Circuit 
to  Ground 

±6 

+16 
-18 

±36 

±6 

+16 
-18 

±36 

±6 

+20 
-18 

±36 

mA 

Slew  Rate 

SR 

1 

1.3 

1 

1.3 

1 

1.3 

V/ns 

Gain  Bandwidth 

GBW 

500 

500 

500 

kHz 

Power  Bandwidth 

BWP 

20 

20 

20 

kHz 

Capaciiivo  Load 
Stability 

Av  =  +1 
(Note  3) 

100 

>1000 

100 

>1000 

100 

>1000 

PF 

NOTES: 

1.  Warmed  up.  VCM  =  0 

2.  Guaranteed  by  CMR  test. 

3.  Guaranteed  but  not  tested. 


O 

ui 

O 


BURN-IN  CIRCUIT 


+20V 
O 

 AV  1 


6 

-JOV 
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DICE  CHARACTERISTICS 


DIE  SIZE  0.103  X  0.074  Inch,  7622  sq.  mils 
(2.62  X  1.88mm,  4.92  sq.  mm) 


1.  OFFSET  VOLTAGE  NULL 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  NEGATIVE  SUPPLY 

5.  OFFSET  VOLTAGE  NULL 

6.  AMPLIFIER  OUTPUT 

7.  POSITIVE  SUPPLY 

For  additional  DICE  ordering  information,  refer 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  al  Vs  =  ±15v,  Tfl  =  25° C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-41  N 
LIMIT 

UNITS 

Ollsel  Voltage 

Vos 

1000 

/iV  MAX 

Bias  Current 

'b 

(Note  1) 

20 

pA  MAX 

Open-Loop  Voltage  Gain 

Avo 

RL  =  2k(l 

500 

V/mV  MIN 

Output  Voltage  Swing 

v0 

RL  =  2kO 

±12 

VMIN 

Supply  Current 

'sy 

Vo  =  0V 

1.2 

mA  MAX 

Input  Voltage  Range 

IVR 

(Note  2) 

±11 

V  MIN 

Common-Mode 
Rejection 

CMR 

90 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

VS=±10V  to -18V 

80 

iiV/V  MAX 

Short  Circuit 
Output  Current 

'sc 

Short  Circuit  to  Ground 

±6 
±36 

mA  MIN 
mA  MAX 

Slew  Rale 

SR 

1 

V//JS  MIN 

Capacitive  Load 
Stability 

Av  =  ■>! 

(Note  3) 

250 

pF  MIN 

NOTES: 
1  Vcw=0 

2.  Guaranteed  by  CMR  test. 

3.  Guaranteed  but  not  tested. 

Electrical  tests  are  perlormed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed 
(or  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


BIAS  CURRENT  vs 
TEMPERATURE 


-7S     -SO    -2S      0      2S     SO      75     100  125 
TEMPERATURE  <*C> 


BIAS  CURRENT  vs 
COMMON-MODE  VOLTAGE 


OFFSET  CURRENT  vs 
TEMPERATURE 


COMMON-MOOE  VOLTAGE  (VOLTS) 


TEMPERATURE  I  C( 


OFFSET  VOLTAGE  vs 
SUPPLY  VOLTAGE 


WARM-UP  DRIFT  vs  TIME 


SUPPLY  CURRENT 
vs  TEMPERATURE 


±10  i1S 
SUPPLY  VOLTAGE  (VOLTSI 


2         4  6          8         10  12 

TIME  AFTER  SUPPLY  TURN-ON  IMIXUTESI 


-7S    -SO    -25      0      25      60     75     100  125 
TEMPERATURE  l*D 


SUPPLY  CURRENT 
vs  SUPPLY  VOLTAGE 


OPEN-LOOP  GAIN  AND 
PHASE  vs  FREQUENCY 


POWER  SUPPLY  REJECTION 
vs  FREQUENCY 


:8  :12  :10 

SUPPLY  VOLTAOE  IVOLTSI 


100  Ik  10k 
FREQUENCY  (Hit 


1k  10k 
FREQUENCY IHH 
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OP-41  LOW-BIAS-CURRENT,  HIGH  STABILITY  JFET  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


TOTAL  HARMONIC 
DISTORTION  vs  FREQUENCY 


SLEW  RATE  vs 
TEMPERATURE 


O  4 
> 

tu  2 


SETTLING  TIME 


-1 

'OOIX 

Rl- 

.  TO  0.( 

1% 

.TOO 

11% 

TO  0.1 

FREQUENCY  1Hz) 


-75    -SO     -25      0       25      50      75     100  125 
TEMPERATURE  I'd 


4  6  B  10  12 

SETTLING  TtME  (pd 


SMALL-SIGNAL  OVERSHOOT 
vs  CAPACITIVE  LOAD 


500     1000    1500    2000    2500    3000  3500 
CAPACITIVE  LOAO  <pFl 
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OFFSET  VOLTAGE  ADJUSTMENT 

Offset  voltage  is  adjusted  by  a  potentiometer  of  10kfi  to  100kfi 
resistance.  This  potentiometer  should  be  connected  between 
pins  1  and  5  with  the  wiper  connected  to  the  V-  supply.  (See 
Figure  1.)  Nulling  V0s  will  change  TCV0S  by  no  more  than 
5//V/°C  per  millivolt  of  Vos  change. 

FIGURE  1:  INPUT  OFFSET  VOLTAGE  NULLING 


FIGURE  3:  SMALL-SIGNAL  TRANSIENT  RESPONSE 


RANGING  F  ROM  lOkil  TO  100k!1 


APPLICATIONS  INFORMATION 

TYPICAL  AC  PERFORMANCE  CHARACTERISTICS 

Figure  2  shows  the  overload  recovery  time  after  the  output 
saturates  at  each  supply.  A  high  degree  of  slew-rate  symmetry 
is  maintained  even  during  severe  input  overload.  The  photo 
also  shows  the  well  controlled  linear  characteristics  of  the 
amplifier  and  freedom  from  oscillations.  The  OP-41's  symmetry 
greatly  reduces  the  generation  of  large  DC  components  in  the 
output  when  the  amplifier  is  overdriven.  This  significantly 
reduces  system  recovery  time  after  an  overload. 

Figure  3  shows  the  unity-gain  small-signal  transient  response 
of  the  OP-41.  Note  the  clean  symmetrical  waveform. 

Figure  4  illustrates  the  high  degree  of  stability  even  when 
loaded  with  1000pF  at  unity-gain.  Heavy  capacitive  loading  will 
cause  stability  problems  with  many  amplifiers. 

Figure  5  illustrates  the  use  of  the  OP-41  in  a  high  sensitivity, 
wide-dynamic-range  light  detector.  This  circuit  will  produce  an 
output  voltage  proportional  to  the  light  input  over  a  60dB  range. 

FIGURE  2:  OVERLOAD  RECOVERY  TIME  AT  Av  =  10 


'iiiiHl 

SSS 

u 

uum 

i 

FIGURE  4:  SMALL-SIGNAL  TRANSIENT  RESPONSE  WITH 
1000pF  LOAD 


FIGURE  5:  WIDE-DYNAMIC-RANGE  LIGHT  DETECTOR 


HPMIJ-4M] 


TO-1J 


CMR  MEASUREMENT  METHODS 

Two  separate  methods  are  used  to  measure  the  CMR.  The  first 
method  is  used  over  the  range  of  10Hz  to  20kHz.  This  method 
grounds  the  input  circuitry  and  applies  the  common-mode 
signal  to  the  remainder  of  the  op  amp.  Figure  6. 

The  AMP-01  eliminates  loading  on  the  output  stage.  This 
assures  that  the  OP-41  output  is  not  required  to  deliver  current 
into  the  feedback  circuit.  The  effects  of  the  DUT  open-loop  gain 
changing  with  frequency  are  therefore  significantly  reduced. 
The  circuit  does  not  require  tight  resistor  matching.  DC  data 
sheet  limits  may  be  verified  using  this  method.  Circuit  accuracy 
is  dependent  on  the  high  CMR  of  the  AMP-01 . 
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FIGURE  6:  CIRCUIT  USED  TO  MEASURE  CMR  FROM  10Hz 
TO  20kHz 
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An  alternate  circuit  may  be  used  to  make  high-frequency 
measurements  from  2kHz  to  500kHz,  Figure  7.  The  2kHz  to 
20kHz  data  overlap  can  be  used  to  verify  the  accuracy  of  the 
respective  test  methods. 

This  method  drives  the  input  stage  with  the  test  signal  and 
requires  an  accurate  ratio  of  resistors,  R4/R3  =  R1/R2.  To 
measure  CMR  to  100dB  requires  ratio  matching  to  better  than 
10ppm.  For  this  reason,  it  is  not  practical  to  use  the  second 
method  at  low  frequencies  where  CMR  is  greater  than  80-100dB. 

The  DUT  output  is  normally  connected  directly  to  R4  which 
may  cause  problems.  If  the  DUT  is  not  buffered  with  a  broad- 
band low-output-impedance  amplifier,  the  frequency-depen- 
dent output  impedance  of  the  DUT,  in  series  with  R4,  rapidly 
unbalances  the  resistor  ratios.  This  causes  frequency  depen- 
dent errors.  The  OP-27  provides  good  performance  over  the 
range  of  frequencies  used. 

FIGURE  7:  CIRCUIT  USED  TO  MEASURE  CMR  FROM  2kHz 
TO  500kHz 


■  TO  GACN/PHASE  METER 


R4 


GUARDING  AND  SHIELDING 

In  applications  where  the  input  is  at  high  impedance,  careful 
shielding  is  required  to  prevent  hum  pickup  from  power  line 
sources  ordetection  of  RF  from  radio  stations  and  nearby  radar 


transmitters.  Loss  of  accuracy  can  also  occur  from  surface  and 
bulk  leakages  in  printed  circuit  boards.  Both  of  these  conditions 
can  be  avoided  by  the  following  methods. 

Hum  and  RF  pickup  are  eliminated  or  reduced  by  keeping  all 
high  impedance  leads,  including  feedback  resistor  leads,  inside 
shielded  enclosures.  In  addition  to  shielding,  power  supply 
lines  should  be  bypassed  where  they  pass  through  the  shield- 
ing. This  will  prevent  noise  from  being  retransmitted  from  the 
power  supply  lines  inside  the  shielded  enclosure. 

Noise  can  also  be  created  by  the  flexing  of  coax  cable.  These 
signals  can  be  caused  by  mechanical  vibrations  inside  or 
outside  the  shielding.  Prevention  consists  of  securely  support- 
ing all  high-impedance  shielded  tines  to  prevent  motion. 

Printed  circuit  board  leakage)  currents  can  easily  exceed  the 
OP-41  bias  currents  or  the  incoming  signal.  Leakage  currents 
can  be  minimized  by  using  Teflon  insulators  to  support  wires 
instead  of  using  PC  traces.  An  alternate  method  is  guarding  the 
high  impedance  traces.  When  the  OP-41  is  in  the  inverting 
mode,  the  signal  traces  should  have  grounded  guard  traces  on 
both  sides,  Figure  8.  The  opposite  side  of  the  board  should  be 
used  as  a  ground  plane  and  shield,  if  not  otherwise  used.  A 
ground  plane  is  implemented  by  leaving  copper  on  all  areas 
that  are  not  being  used  forsignal  or  power  conduction.  Ground 
connection  should  be  made  to  all  areas  of  isolated  copper.  In 
the  noninverting  configuration,  the  OP-41 's  output  signal  or  a 
portion  of  it  should  be  used  to  drive  the  guard  traces,  Figure  9. 
When  the  guard  drive  voltage  is  equal  to  the  input  signal, 
leakage  currents  will  be  effectively  eliminated. 

FIGURE  8:  CURRENT-TO-VOLTAGE  CONVERTER 


■OOUT 


FIGURE  9:  VERY  HIGH  IMPEDANCE  NONINVERTING 
AMPLIFIER 


•OOUT 
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The  High  Q  Notch  Filter  benefits  from  the  low  bias  current  and 
high  input  impedance  of  the  OP-41,  Figure  10.  These  features 
enable  small  value  capacitors  and  large  resistors  to  be  used  in 
this  60Hz  notch  filter.  The  5pA  bias  current  only  develops  10ty/V 
across  R1  and  R2. 

FIGURE  10:  HIGH  Q  NOTCH  FILTER 


FIGURE  12:  AMPLIFIER  FOR  PIEZOELECTRIC  TRANSDUCERS 
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Low  power  consumption,  low  bias  current,  and  low  offset 
voltage  make  the  OP-41  an  ideal  current-to-voltage  converter, 
Figure  11. 

Jn  this  application,  the  PM-7541  and  the  OP-41  provide  complete 
12-bit  digital-to-analog  conversion  with  less  than  3mA  supply 
current. 

FIGURE  11:  DAC  CIRCUIT  USING  THE  OP-41 


Figure  12  shows  an  amplifierforhigh-impedanceac  transducers 
like  a  piezoelectric  accelerometer.  These  sensors  normally 
require  a  high-input-resistance  amplifier.  The  OP-41  can  pro- 
vide input  resistance  in  the  range  of  I0"ft,  however,  a  dc  return 
for  bias  current  is  needed.  To  maintain  a  high  Ft,N,  large  value 
resistors  above  22MO  are  often  required.  These  may  not  be 
practicable. 

Using  the  circuit  in  Figure  12,  input  resistances  that  are  orders 
of  magnitude  greater  than  the  values  of  the  dc  return  resistors 
can  be  obtained.  This  is  accomplished  by  bootstrapping  the 
resistors  to  the  output.  With  this  arrangement,  the  lower  cutoff 
frequency  is  determined  more  by  the  RC  product  of  R1  and  C1 
than  it  is  by  resistor  values  and  the  equivalent  capacitance  of 
the  transducer. 


  »R3 

-r-O.OIflF  <22M 


-vW- 

ItM 


T 


I    I  TRANSDUCER 
~Y  LOW  FREQUENCY  CUTOFF  -  R1  CI 


WIDE  RANGE  LOW-CURRENT  AMMETER 

The  circuit  shown  in  Figure  13  can  measure  currents  from 
100pA  to  100//A  without  the  use  of  high  value  resistors. 
Accuracy  is  better  than  1%  over  most  of  the  range,  depending 
upon  the  accuracy  of  the  divider  resistor  and  the  input  bias 
current  of  the  op  amp.  Using  the  OP-41  as  the  input  amplifier 
allows  low  end  measurement  down  to  a  few  pA  due  to  the  3.5pA 
input  bias  current. 

One  of  the  requirements  for  a  good  current  meter  is  low  series 
voltage  drop.  Since  the  voltage  across  the  inputs  of  an  op  amp 
is  forced  to  virtually  zero,  it  makes  a  good  choice  for  the  input  of 
a  current  meter.  Amplifier  A1  is  used  as  an  inverting  amplifier  lor 
the  input.  This  ensures  less  than  500/N  drop  at  any  current 
level. 

Feedback  around  the  op  amp  is  accomplished  with  a  transistor, 
rather  than  a  resistor.  The  op  amp  forces  the  collector  current  of 
Q1A  to  equal  the  input  current.  This  causes  the  emitter-base 
voltage  of  Q1 A  to  be  proportional  to  the  log  of  the  input  current. 
Resistors  R1,  R2,  R3  and  capacitors  C1,  C2  frequency  com- 
pensate the  log  circuit  since  Q1 A  provides  gain  in  the  feedback 
loop. 

The  output  of  the  log  amplifier  is  taken  from  the  emitter  of  Q1 A 
to  drive  Q1 B.  Q1 B  anti-logs  the  output  and  drives  the  meter.  The 
output  of  Q1B  is  proportional  to  the  log  of  the  input  current 
scaled  by  a  constant,  which  is  proportional  to  the  voltage  from 
the  divider,  selected  by  S1.  For  transistors  operating  at  different 
current  levels,  the  V^e  difference  equals: 


kT,  IC2 

AVk,,  =  — In  — 
be  q 


IC1 


solving  for  IC2 


IC2  =  IC1  e 


Where  IC1  and  IC2arethe  collector  currents  of  Q1 A  and  Q1B; 
Q  is  the  charge  of  an  electron;  k  is  Boltzmann's  constant;  T  is 
temperature  in  degrees  Kelvin;  and  is  the  voltage  applied  to 
the  base  of  Q1B.  If  varies  as  absolute  temperature,  the 
exponent  will  be  a  constant. 
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FIGURE  13:  WIDE  RANGE  LOW-CURRENT  AMMETER 
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The  voltage  driving  the  divider  Is  obtained  from  a  1.22V  low 
voltage  reference  diode  (LM113)  through  a  2N2222  transistor 
and  resistor  string.  The  voltage  across  the  divider  varies  with 
absolute  temperature,  keeping  the  multiplier  constant. 

Calibration  is  simple,  requiring  only  one  adjustment.  R4  is  used 
to  adjust  full  scale  deflection  with  a  1juA  input  current.  This  wili 
give  maximum  accuracy  over  the  operating  range  of  currents. 

The  low  Vos  and  exceptionally  good  log  conformance  of  the 
MAT-02  assure  high  accuracy  over  the  full  6  decade  operating 
range. 

Figure  14  is  the  test  circuit  used  to  measure  the  settling  time. 
This  circuit  uses  the  "false  sum-node"  technique.  When  the 
system  is  initially  set  up,  the  200O  pot  is  adjusted  until  the  DC 
output  voltage  to  the  scope  is  unchanged  when  the  input  is 
changed  from  +10V  to  -10V.  The  2N4416  FET  buffer  isolates  the 
sum  node  from  the  scope  probe  load  capacitance.  The  pulse 
generator  must  be  properly  terminated  and  have  ringing  below 
the  expected  error  signal.  (2.5mV  in  a  5V  pulse  for  0.1% 
overshoot  measurement.) 


FIGURE  14:  SETTLING-TIME  TEST  CIRCUIT 
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FEATURES 
Fast 

•  Slew  Rate  50V/AisMin 

•  Settling-Time  (0.01%)  Max 

•  Gain-Bandwidth  Product  10MHziyp 

Precise 

•  Common-Mode  Refection  8BdB  Mln 

•  Open-Loop  Gain   500V/mV  Min 

•  Odset  Voltage    750>iVMax 

•  Bias  Current   200pA  Max 

Excellent  Radiation  Hardness 
ORDERING  INFORMATION  t 


PACKAGE 

TA=25°C 

HERMETIC 

HERMETIC 

OPERATING 

V08MAX 

TO-89 

DIP 

LCC 

TEMPERATURE 

(nvV) 

8-PIN 

8-PIN 

20-PIN 

RANGE 

1.0 

OP42AJ- 

OP42AZ- 

OP42ARC/B83 

MIL 

0.75 

OP42EJ 

OP42EZ 

IND 

1.5 

OP42FJ 

OP42FZ 

IND 

'  For  devices  processed  In  total  compliance  to  MIL-STD-883,  add  /883  after 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-In  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plBsticdip,  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book.  Section  2. 

GENERAL  DESCRIPTION 

The  OP-42  is  a  fast  precision  JFET -input  operational  ampli- 
fier. Similar  in  speed  to  PMI's  OP-17,  the  OP-42  offers  a 
symmetric  58V/ /jS  slew  rate  and  is  Internally  compensated 
for  unity-gain  operation.  OP-42  speed  Is  achieved  with  a 
supply  current  of  less  than  6mA.  Unity-gain  stability,  a  wide 


full-power  bandwidth  of  900kHz,  and  a  fast  settling-time  of 
SOOns  to  0.01%  make  the  OP-42  an  ideal  output  amplifier  for 
fast  digital-to-analog  converters. 

Equal  attention  was  given  to  both  speed  and  precision  in  the 
OP-42  design.  Its  tight  750pV  maximum  Input  offset  voltage 
combined  with  well-controlled  drift  of  less  than  10/iV/°  C  elim- 
inates the  need  for  external  nulling  in  many  circuits.  The 
OP-42's  common-mode  rejection  of  B8dB  minimum  over  a 
±11V  input  voltage  range  is  exceptional  for  a  high-speed 
amplifier.  High  CMR  combined  with  a  minimum  SOOV/mV 

PIN  CONNECTIONS 


NULL  (T    #^      JJ  NX. 
-IN|T-J5s.  TJy 

♦in  [T  Ay^—  JJ  OUT 

V-  Q[  JJ  NULL 


U    U  ll 


8-PIN  HERMETIC  DIP 
(Z-Suffix) 


z  z  z  z  t 

/UJLiJLiJHbilS 

N.C  JJ  («  N.C. 

-IN  JJ  Qj  V+ 

N.C  JJ  [25  N.C. 

+IN  JJ  Qi  OUT 

N.C.  JJ  [w  N.C 

0  i  o  i  d 
z      z  =  z 

20-LEAD  HERMETIC  LCC 
(RC-Sullix) 


V-  ICASE) 

TO-99 
(J-Sulllx) 
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SIMPLIFIED  SCHEMATIC 
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gain  into  lOkft  load  ensure  excellent  linearity  in  both  non- 
Inverting  and  inverting  gain  configurations.  The  low  input  bias 
and  offset  currents  provided  by  the  JFET  input  stage  suit  the 
OP-42  for  use  in  high-speed  sample  and  hold  circuits,  peak 
detectors,  and  log  amplifiers.  Excellent  radiation  hardness 
characteristics  make  the  OP-42  ideal  for  military  and  aero- 
space applications. 

The  OP-42  conforms  to  the  standard  741  pinout  with  nulling 
to  V-.  The  OP-42  upgrades  the  performance  of  circuits  using 
the  AD544,  AD611 ,  AD711 ,  and  LF400  by  direct  replacement. 
In  circuits  without  nulling,  the  OP-42  offers  an  upgrade  for 
designs  using  the  OP-16,  OP-17,  LT1022,  LT10S6,  and  HA2510. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  ±20V 

Internal  Power  Dissipation  (Note  3)    SOOmW 

Input  Voltage  (Note  2)  :  +20V 

Differential  Input  Voltage  (Note  2)    40V 


Output  Short-Circuit  Duration  Indefinite 

Storage  Temperature  Range  -65°C  to  175°C 

Operating  Temperature  Range 

OP42A  (J,Z)  -55°C  to  +125"C 

OP42E,F(J,Z)   -25"C  to +85"C 

Junction  Temperature  -65°C  to  175°C 


Lead  Temperature  Range  (Soldering,  60  sec.)   300° C 

NOTES: 

1.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  For  supply  voltages  less  than  ±20V,  the  absolute  maximum  Input  voltage  is 
equal  to  the  supply  voltage. 

3.  See  table  (or  maximum  ambient  temperature  rating  and  derating  factor. 


MAXIMUM  AMBIENT 

OERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE 

FOR  RATING 

TEMPERATURE 

TO-99(J) 

80"C 

7.1mW/°C 

Hermetic  6-Pin  OIP(Z) 

75"C 

6.7mW/°C 

Hermetic  20-Lcad  LCC  (RC) 

72°C 

78mW/*C 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  +15V,  TA  =  25°C.  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-42E 
TYP 

MAX 

MIN 

OP-42F 

TYP  MAX 

MIN 

OP-42A 

TYP  MAX 

UNITS 

Otlset  Voltage 

Vos 

— 

0.3 

0.75 

— 

0.4 

1.5 

— 

0.3 

1.0 

mV 

Input  Bias  Current 

le 

VCM=0V  T|  =  25,C 

60 

200 

130 

250 

80 

200 

PA 

Input  Offset  Current 

•os 

VCM  =  0V  T!  =  25«C 

4 

40 

6 

50 

4 

40 

PA 

Input  Voltage  Range 

IVR 

(Note  1) 

±11 

+12.5 
-12.0 

- 

±11 

+12.5 
-12.0 

±11 

+12.5 
-12.0 

V 

Common-Mode 
Rejection 

CMR 

VCM=±1TV 

86 

96 

60 

92 

86 

96 

dB 

Power-Supply 
Rejection  Ratio 

PSRR 

VS=±10V 
to±20V 

9 

40 

12 

50 

9 

40 

,iV/V 

Large-Signal 
Voltage  Gain 

AVo 

^2k"   T,°  25-C 

500 
200 
100 

900 
260 
170 

500 
200 
100 

900 
260 
170 

500 
200 
100 

900 
260 
170 

V/mV 

Output  Voltage 
Swing 

v0 

RL=  1kn 

±11.5 

+12.5 
-11.9 

±11.5 

+12.5 
-11.9 

±11.5 

+12.5 
-11.9 

V 

Short-Circuit 
Current  Limit 

■sc 

Output  Shorted 
to  Ground 

±20 

+33 
-28 

±60 

±20 

+33 
-28 

±60 

±20 

+33 
-28 

±60 

mA 

Supply  Current 

'SY 

No  Load 
Vo  =  0V 

5.1 

6.0 

5.1 

6.5 

5.1 

6.0 

mA 

Slew  Rate 

SR 

50 

58 

40 

50 

45 

52 

v/iis 

Full-Power 
Bandwidth 

BWp 

(Note  2) 

750 

900 

600 

600 

700 

850 

kHz 

Gain-Bandwidth 
Product 

GBW 

f0=  10kHz 

10 

10 

10 

MHz 

Settling-Time 

1. 

10V  Step  0.01% 
(Note  3) 

0.8 

1.0 

0.9 

1.2 

0.8 

1.0 

JIS 

Overload  Recovery 
Time 

lOB 

700 

700 

700 

ns 

Phase  Margin 

£o 

OdB  Gain 

47 

47 

47 

degrees 

Gain  Margin 

Aieo 

160°  Open-Loop 
Phase  Shift 

9 

9 

9 

dB 

Capacitive  Load 
Drive  Capability 

CL 

Unity-Gain  Stable 
(Note  4) 

100 

300 

100 

300 

100 

300 

PF 
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ELECTRICAL  CHARACTERISTICS  at  Vs=  ±15V,  TA  =  25°C,  unless  otherwise  noted.  (Continued) 


OP-42E 

OP-42F 

OP-42A 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Differential  Input 
Impedance 

Z|N 

10  *!|6 

10"||6 

- 

10"||6 

- 

niipF 

Open-Loop 
Output  Resistance 

R0 

50 

— - 

50 

- 

Voltage  Noise 

Onp-p 

0.1Hz  to  10Hz 

2 

2 

- 

2 

- 

*Vp 

fo=10HZ 

- 

38 

- 

- 

38 

- 

38 

Voltage  Noise 
Density 

6n 

f0=  100Hz 
f0=1kHz 

— 

16 
13 

- 

— 

16 
13 

_ 

— 

16 
13 

_ 

nV/V"Hz~ 

Iq  —  10kHz 

12 

12 

12 

Current  Noise 
Density 

In 

l0=1kHz 

0.007 

0.007 

0.007 

paa/hT 

External  Vos 
Trim  Range 

Rpo,  =  20kn 

4 

4 

4 

mv 

Long-Term 
Vos  Drift 

5 

5 

5 

iiV/month 

Supply  Voltage  Range 

Vs 

±8 

±15 

±20 

±8 

±15 

±20 

±8 

±15 

±20 

V 

NOTES:  3.  Settling-time  Is  sample  tested  tor  A  and  E  grades.  Test  circuit  Is  shown  In 

1.  Guaranteed  by  CMR  test.  Figure  4.  Settling-time  for  F  grade  is  guaranteed  but  not  tested. 

2.  Guaranteed  by  slew-rate  test  and  formula  BWp  =  SR/(2it10Vpeak).  4.  Guaranteed  but  not  tested. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  +15V,  -25°C  <  TA  <  85°C  for  E/F  grades,  and  -55°C  <  TA<  125°C  tor  A  grade, 
unless  otherwise  noted. 


OP-42E 

OP-42F 

OP-42A 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP  MAX 

MIN 

TYP 

MAX 

UNITS 

Oflset  Voltage 

0.4 

1.2 

0.6 

2.5 

0.5 

2.0 

mV 

Offset  Voltage 

Temperature 

TCV0S 

4 

10 

8 

4 

10 

nV/'C 

Coefficient 

Input  Bias  Current 

'b 

(Note  1) 

0.5 

1.2 

0.6 

2.0 

6 

20 

nA 

Input  Offset  Current 

•os 

(Note  1) 

0.05 

0.2 

0.06 

0.4 

0.2 

1.0 

nA 

Input  Voltage  Range 

IVR 

(Note  2) 

±11 

+12.5 
-12.0 

±11 

+12.5 
-12.0 

±11 

+12.5 
-12.0 

V 

Common-Mode 
Rejection 

CMR 

VCM  =  ±11V 

86 

96 

80 

94 

80 

94 

dB 

Power-Supply 
Rejection  Ratio 

PSRR 

VS=±10V 
to  +20V 

2 

40 

6 

50 

10 

50 

(jV/V 

Large-Signal 

RL=10kfl  (Notel) 

200 

500 

200 

500 

160 

350 

V/mV 

Voltage  Gain 

AVO 

RL=2kfl  Vo=±10V 

100 

160 

100 

160 

80 

110 

Output  Voltage 
Swing 

Vo 

RL=2kn 

±11.0 

+12.3 
-11.8 

±11.0 

+12.3 
-11.8 

±11.0 

+12.3 
-11.8 

V 

Short-Circuit 
Current  Limit 

isc 

Output  Snorted 
to  Ground 

±8 

±60 

+8 

±60 

±8 

±60 

mA 

Supply  Current 

"sv 

No  Load 
V0  =  OV 

5.1 

6.0 

5.1 

6.5 

5.1 

6.0 

mA 

Slew  Rate 

SR 

RL  =  2kn 

45 

57 

40 

50 

40 

52 

V/^s 

Capacitive  Load 
Drive  Capability 

Unity-Gain  Stable 
(Note  3) 

100 

250 

100 

250 

100 

250 

pF 

NOTES: 

1.  Tj  =  85°C  for  E/F  Grades:  T|  =  125°C  1or  A  grade. 

2.  Guaranteed  by  CMR  test. 

3.  Guaranteed  but  not  tested. 


5-189 


10/87,  Rev.  B2 


PMI> 


OP-42  HIGH-SPEED,  FAST-SETTLING  PRECISION  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS 


l 

Pit;-. 


DIE  SIZE  0.098  x  0.070  Inch,  6860  sq.  mils 
(2.49  x  1.78  mm,  4.43  sq.  mm) 


1.  OFFSET  VOLTAGE  NULL 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  NEGATIVE  SUPPLY 

5.  OFFSET  VOLTAGE  NULL 

6.  AMPLIFIER  OUTPUT 

7.  POSITIVE  SUPPLY 

For  additional  DICE  ordering  inlormation,  refer 
to  1988  Data  Book.  Section  2. 


WAFER  TEST  LIMITS  at  vs=  ±15v.  Tj  =  25°C,  unless  otherwise  noted. 

OP-42N 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Offset  Voltage 

Vos 

15 

mV  MAX 

Input  Bias  Current 

Id 

VCM=0V 

250 

pA  MAX 

Input  Oflsel  Current 

los 

VCM  =  0V 

50 

pA  MAX 

Input  Voltage  Range 

IVR 

(Note  1) 

111 

V  MIN 

Common-Mode  Rejection 

CMR 

VCU=±11V 

80 

dB  MIN 

Power-Supply 
Rejection  Ratio 

PSRR 

VS=±10V  to±20V 

50 

„V/V  MAX 

Large-Signal 
Voltage  Gain 

Avo 

RL=  10kll 
RL=2k<l 
RL  =  1  kit 

500 
200 
100 

V/mV  MIN 

Output  Voltage  Swing 

v0 

RL=  1kil 

±11.5 

V  MIN 

Short-Circuit 
Current  Limit 

Isc 

Output  Shorted 
to  Ground 

±20/±60 

mA  MIN/MAX 

Supply  Current 

Isv 

No  Load 
V0-OV 

65 

mA  MAX 

Slew  Rate 

SR 

-10 

V/^s  MIN 

Capacilive  Load 
Drive  Capability 

cL 

Unity-Gain  Stable 
(Note  2) 

100 

pF  MIN 

NOTES: 

1.  Guaranteed  by  CMR  test. 

2.  Guaranteed  but  not  tested. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not 
guaranteed  lor  standard  product  dice.  Consult  tactory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


BURN-IN  CIRCUIT 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


OPEN-LOOP  GAIN,  PHASE 
vs  FREQUENCY 


IA8E 

-  47* 

125* 

com 

 1 
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>  WdO 
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 I 
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REJECTION  vs  FREQUENCY 
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T«-»'C 
v.  .  tm 
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SLEW  RATE  vs 
TEMPERATURE 
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SETTLING-TIME 
vs  STEP  SIZE 
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vs  FREQUENCY 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


CLOSED-LOOP 
OUTPUT  IMPEDANCE 
vs  FREQUENCY 


MAXIMUM  OUTPUT  SWING 
vs  FREQUENCY 


10k  100k 
FREQUENCY  (Hi) 


SMALL-SIGNAL 
OVERSHOOT  vs 
LOAD  CAPACITANCE 


100k 

FREQUENCY  (Hi) 


100         200         300  UM 
LOAD  CAPACITANCE  (pF) 


OUTPUT  SWING  vs 
LOAD  RESISTANCE 


SUPPLY  CURRENT 
vs  TEMPERATURE 


V,  -  115V 
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-7$    -50    -25      0      25      50      75     100  125 
TEMPERATURE  (*C) 


8.0 

5.8 

< 

5.8 

z 

5.4 

cu 

a 
s 

5.2 

O 

5.0 

a. 

4.S 

4.8 

4.4 

SUPPLY  CURRENT  vs 
SUPPLY  VOLTAGE 
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INPUT  OFFSET  VOLTAGE 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


BIAS  CURRENT  vs 
JUNCTION  TEMPERATURE 
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BIAS  CURRENT  vs 
COMMON-MODE  VOLTAGE 
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APPLICATIONS  INFORMATION 

The  OP-42  combines  speed  with  a  high  level  of  input  preci- 
sion usually  found  only  with  slower  devices.  Well-behaved 
AC  performance  in  the  form  of  clean  transient  response, 
symmetrical  slew-rates  and  a  high  degree  of  forgiveness  to 
supply  decoupling  are  the  hallmarks  of  this  amplifier.  AC 
gain  and  phase  response  are  quite  independent  of  tempera- 
ture or  supply  voltage.  Figure  1  shows  the  OP-42's  small- 
signal  response.  Even  with  75pF  loads,  there  is  minimal  ring- 
ing in  the  output  waveform.  Large-signal  response  is  shown 
in  Figure  2.  This  figure  clearly  shows  the  OP-42's  exception- 
ally close  matching  between  positive  and  negative  slew- 
rates.  Slew-rate  symmetry  decreases  the  DC  offset  a  system 
encounters  when  processing  high-frequency  signals,  and 
thus  reduces  the  DC  current  necessary  for  load  driving. 


FIGURE  1:  Small-Signal  Transient  Response, 
ZL=  2kfl||75pF 


FIGURE  2:  Large-Signal  Transient  Response, 
ZL  =  2kil||75pF 


As  with  most  JFET-input  amplifiers,  the  output  of  the  OP-42 
may  undergo  phase  inversion  if  either  input  exceeds  the 
specified  input  voltage  range.  Phase  inversion  will  not  dam- 
age the  amplifier,  nor  will  it  cause  an  internal  latch-up. 

Supply  decoupling  should  be  used  to  overcome  inductance 
and  resistance  associated  with  supply  lines  to  the  amplifier. 


For  most  applications  a  0.1  ^F  to  0.01  /jF  capacitor  should  be 
placed  between  each  supply  pin  and  ground. 

The  OP-42  displays  excellent  resistance  to  radiation.  Radia- 
tion hardness  data  is  available  by  contacting  the  factory. 

OFFSET  VOLTAGE  ADJUSTMENT 

Offset  voltage  is  adjusted  with  a  10k!!  to  100k!!  potentiome- 
ter as  shown  in  Figure  3.  The  potentiometer  should  be  con- 
nected between  pins  1  and  5  with  its  wiper  connected  to  the 
V-  supply.  Nulling  Vqs  in  'his  manner  changes  TCVos  by  no 
more  than  5*iV/°C  per  millivolt  of  Vqs  change.  Alternately, 
V0s  may  be  nulled  by  attaching  the  potentiometer  wiper 
through  a  1  fvU!  resistor  to  the  positive  supply  rail. 

FIGURE  3:  Input  Offset  Voltage  Nulling 


ALTERNATE  METHOD 


STANDARD  METHOD  NOTE: 

VQS  CAN  BE  TRIMMED  WITH 
POTENTIOMETER  RANGING 
FROM  lOkll  TO  lOOhM. 


SETTLING-TIME 

Guaranteed  fast-settling  is  assured  by  sample-testing  during 
production.  The  OP-42  is  configured  as  a  unity-gain  follower 
in  the  test  circuit  of  Figure  4.  This  test  method  has  advan- 
tages over  false-sum-node  techniques  in  that  the  actual  out- 
put of  the  amplifier  is  measured,  instead  of  an  error-voltage  at 
the  sum  node.  Common-mode  settling  effects  are  exercised 
in  this  circuit,  in  addition  to  the  slew-rate  and  bandwidth 
effects  measured  by  the  false-sum-node  method.  A  reason- 
ably flat-top  pulse  is  required  as  a  stimulus. 

The  output  waveform  of  the  OP-42  being  tested  is  clamped 
by  Schottky  diodes  and  buffered  by  the  JFET  source- 
follower.  The  signal  is  amplified  by  a  factor  of  ten  by  the  fast 
amplifier  IC1,  then  Schottky-clamped  before  being  output. 
The  OP-41  provides  overall  offset  nulling.  Analysis  of  the 
waveform  using  a  digitizing  oscilloscope  determines  the  op 
amp's  settling-time. 
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FIGURE  4:  Settling-Time  Test  Fixture 
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FIGURE  5:  OP-42  Settling-Characteristics 
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optimal  settling  speed.  Compensation  is  achieved  with  ca- 
pacitor C  in  Figure  6.  C  must  be  adjusted  to  account  lor  the 
DAC's  output  capacitance,  the  op  amp's  input  capacitance, 
and  any  stray  capacitance  at  the  inputs.  With  a  bipolar  DAC, 
an  additional  shunt  resistor  may  be  used  to  optimize 
response.  This  technique  is  described  in  PMI's  application 
note  AN-24. 

FIGURE  6:  DAC  Output  Amplifier  Circuit 


-WY- 


MOTE: R,  IS  INTERNAL  TO  MOST  CMOS  DACf 


DAC  OUTPUT  AMPLIFIER 

The  OP-42  is  an  excellent  choice  fora  DAC  output  amplifier, 
since  its  high  speed  and  fast  settling-time  allow  quick  transi- 
tions between  codes,  even  for  full-scale  changes  in  output 
level.  The  DAC  output  capacitance  appears  at  the  opera- 
tional amplifier  inputs,  and  must  be  compensated  to  ensure 


Highest  speed  is  achieved  using  bipolar  DACs  such  as  PMI's 
DAC-08,  DAC-10  or  DAC-312.  The  output  capacitances  of 
these  converters  are  up  to  an  order  of  magnitude  lower  than 
their  CMOS  counterparts,  resulting  in  substantially  faster 
settling-times.  The  high  output  impedance  of  bipolar  DACs 
allows  the  output  amplifier  to  operate  in  a  true  current-to- 
voltage  mode,  with  a  noise  gain  of  unity,  thereby  retaining  the 
amplifier's  full  bandwidth.  Offset  voltage  has  minimal  effect 
on  linearity  with  bipolar  converters. 

CMOS  digital-to-analog  converters  have  higher  output  ca- 
pacitances and  lower  output  resistances  than  bipolar  DACs. 
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This  results  in  slower  settling-times,  higher  sensitivity  to 
offset  voltages  and  a  reduction  in  the  output  amplifier's 
bandwidth.  These  trade-offs  must  be  balanced  against  the 
CMOS  DAC's  advantages  in  terms  of  interfacing  capability, 
power  dissipation,  accuracy  levels  and  cost.  Using  the  inter- 
nal feedback  resistor  which  is  present  on  most  CMOS  con- 
verters, the  gain  applied  to  offset  voltage  varies  between  4/3 
and  2,  depending  upon  output  code.  Contributions  to  linear- 
ity error  will  be  as  much  as  2/3Vos-  In  a  10-volt  12-bit  system, 
this  may  add  up  to  an  additional  1/5LSB  DNL  with  the 
OP-42E.  Amplifier  bandwidth  is  reduced  by  the  same  gain  factor 
applied  to  offset  voltage,  however  the  OP-42's  10MHz  gain- 
bandwidth  product  results  in  no  reduction  of  the  CMOS  con- 
verter's multiplying  bandwidth. 

Individual  DAC  data-sheets  should  be  consulted  for  more 
complete  descriptions  of  the  converters  and  their  circuit 
applications 


FIGURE  7:  DAC  Output  Amplifier  Response  (PM-7545  DAC) 


DRIVING  A  HIGH-SPEED  ADC 

The  OP-42's  open-loop  output  resistance  is  approximately 
501!.  When  feedback  is  applied  around  the  amplifier,  output 
resistance  decreases  in  proportion  to  open-loop  gain  divided 
by  closed-loop  gain  (Avol/Avcl)-  Output  impedance  in- 
creases as  open-loop  gain  rolls-off  with  frequency.  High- 
speed analog-to-digital  converters  require  low  source  impe- 
dances at  high  frequency.  Output  impedance  at  1MHz  is 
typically  511  for  an  OP-42  operating  at  unity-gain.  If  lower 
output  impedances  are  required,  an  output  buffer  may  be 
placed  at  the  output  of  the  OP-42. 

HIGH-CURRENT  OUTPUT  BUFFER 

The  circuit  in  Figure  8  shows  a  high-current  output  stage  for 
the  OP-42.  Output  current  is  limited  by  R1  and  R2.  For  good 
tracking  between  the  output  transistors  Q1,  Q2  and  their 
biasing  diodes  D1  and  D2,  thermal  contact  must  be  main- 
tained between  the  transistor  and  its  associated  diode.  If 
good  thermal  contact  is  not  maintained,  R1  and  R2  must  be 
increased  to  5-6!!  in  order  to  prevent  thermal  runaway.  Using 
511  resistors,  the  circuit  easily  drives  a  75!!  load  (Figure  9). 
Output  resistance  is  decreased  and  heavier  loads  may  be 
driven  by  decreasing  R1  and  R2. 

Base  current  and  biasing  for  Q1  and  Q2  are  provided  by  two 
current  sources,  the  MAT-02  and  the  JFET.  The  2k!>.  potenti- 
ometer in  the  JFET  current  source  should  be  trimmed  for 
optimum  transient  performance.  The  case  of  the  MAT-02 
should  be  connected  to  V-  and  decoupled  to  ground  with  a 


0.1(jF  capacitor.  Compensation  for  the  OP-42's  input  capac- 
itance is  provided  by  Cc-  The  circuit  may  be  operated  at  any 
gain,  in  the  usual  op  amp  configurations. 

FIGURE  8:  High-Current  Output  Buffer 
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**ci  ■ 1  -  "rRc 

R1  AND  Rl  «RE  1-eii.  SEE  TEXT 


FIGURE  9;  Output  Buffer  Large-Signal  Response 


nl  =  751) 


DRIVING  CAPACITIVE  LOADS 

Best  performance  will  always  be  achieved  by  minimizing 
input  and  load  capacitances  around  any  high-speed  ampli- 
fier. However,  the  OP-42  is  guaranteed  capable  of  driving  a 
100pF  capacitive  load  over  its  full  operating  temperature 
range  while  operating  at  any  gain  including  unity.  Typically, 
an  OP-42  will  drive  more  than  250pF  at  any  temperature. 
Supply  decoupling  does  affect  capacitive  load  driving  ability. 
Extra  care  should  be  given  to  ensure  good  decoupling  when 
driving  capacitive  loads,  and  a  larger  decoupling  capacitor 
between  1^F  and  10^F  should  be  placed  in  parallel  with  the 
usual  decoupling  capacitor  on  each  supply. 
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Large  capacitive  loads  may  be  driven  utilizing  the  circuit 
shown  in  Figure  10.  R1  and  CI  introduce  a  small  amount  of 
feedforward  compensation  around  the  amplifier  to  counter- 
act the  phase  lag  induced  by  the  output  impedance  and  load 
capacitance.  At  DC  and  low  frequencies,  R1  is  contained 
within  the  feedback  loop.  At  higher  frequencies,  feedforward 
compensation  becomes  increasingly  dominant,  and  R1's 
effect  on  output  impedance  will  become  more  noticeable. 

When  driving  very  large  capacitances,  slew-rate  will  be 
limited  by  the  short-circuit  current  limit.  Although  the  un- 
loaded slew-rate  is  insensitive  to  variations  in  temperature, 
the  output  current  limit  has  a  negative  temperature  coeffi- 
cient, and  is  asymmetrical  with  regards  to  sourcing  and  sink- 
ing current.  Therefore,  slew-rate  into  excessive  capacities 
will  decrease  with  increasing  temperature,  and  will  lose 
symmetry. 

COMPUTER  SIMULATIONS 

Many  electronic  design  and  analysis  programs  include  mod- 
els for  op  amps  which  calculate  AC  performance  from  the 
location  of  poles  and  zeros.  As  an  aid  to  designers  utilizing 
such  a  program,  major  poles  and  zeros  of  the  OP-42  are  listed 
below.  Their  location  will  vary  slightly  between  production 
lots.  Typically,  they  will  be  within  ±15%  of  the  frequency 
listed.  Use  of  this  data  will  enable  the  designer  to  evaluate 
gross  circuit  performance  quickly,  but  should  not  supplant 
rigorous  characterization  of  a  breadboarded  circuit. 

POLES  ZEROS 

20Hz  1MHz 

300kHz 

3MHz 

FIGURE  11:  OP-41  Servo  Amplifier  Provides  Offset  Correction 


FIGURE  10:  Compensation  for  Large  Capacitive  Loads 


AUTOZEROING  OFFSET  VOLTAGE 

Figure  11  describes  a  circuit  for  automatic  offset  voltage  and 
drift  correction.  The  OP-41  is  used  in  a  servo  loop  to  force  the 
OP-42  output  equal  to  the  OP-41  s  offset  voltage.  Thus,  the 
OP-42's  effective  input  offset  is  held  below  10p V  ( 1  m V/AVcl 
=  100)  despite  any  temperature  variations.  This  circuit  will  be 
most  advantageous  in  high-gain  applications. 

Feedback  is  accomplished  using  the  OP-42's  null  pins,  leav- 
ing both  inputs  free  for  other  purposes.  In  the  application 
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shown,  the  OP-42  has  seven  multiplexed  inputs,  while  the 
eighth  input  provides  a  ground  reference.  Nulling  is  accomp- 
lished by  addressing  the  grounded  channel.  This  address 
should  be  held  for  at  least  200ps.  After  this  time,  the  address 
may  be  changed  to  another  channel.  The  MUX-08  ENABLE 
pin  must  be  high  during  the  entire  nulling  cycle.  During  this 
time,  JFET  switch  J1  turns  on,  completing  feedback  around 


the  OP-41  servo  amplifier.  A  charge  is  developed  across  CH 
to  compensate  for  the  OP-42's  offset  voltage.  When  another 
channel  is  addressed,  J1  turns  off,  and  the  correction  charge 
is  maintained  across  CH  by  the  OP-41.  Droop  is  exceptionally 
low  —  only  1.3pV/s  at  25°  C.  A  correction  range  of  more  than 
4mV  allows  nulling  of  minor  system  offsets  as  well  as  the 
OP-42's  offset  voltage. 
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Precision  Monolithics  Inc. 


OP- 43 


low-bias-current;  fast  jfet 
operational  amplifier 


FEATURES 

•  Low  Bias  Current  5pA  Max 

•  High  Slew-Rate  ±5V//is  Min 

•  Low  Current  Consumption  1.0mA  Max 

•  High  Gain    1000V/mV  Mln 

•  High  Common-Mode  Rejection  100dB  Min 

•  Gain-Bandwidth  Product  2.4MHz  iyp 

•  Power  Bandwidth  100kHz  Typ 

•  Fast  Overload  Recovery  Time  3.5^s  Typ 

•  Low  Harmonic  Distortion  <0.01%  at  5kHz 


ORDERING  INFORMATION! 


PACKAGE 

TA  =  2S°C 

PLASTIC 

OPERATING 

V0SMAX 

TO-99 

DIP 

TEMPERATURE 

(MV) 

S-PIN 

8-PIN 

RANGE 

250 

OP-43EJ 

IND 

750 

OP-43FJ 

IND 

500 

OP-43AJ- 

MIL 

1000 

OP-43BJ* 

MIL 

1500 

OP-43GP 

COM 

'  For  devices  processed  In  total  compliance  to  MIL-STD-883.  add  /S83  after 
part  number.  Consult  factory  for  683  data  sheet. 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  prastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book,  Section  2. 


GENERAL  DESCRIPTION 

The  OP-43  JFET  operational  amplifier  is  a  high-speed  version 
of  the  OP-41.  featuring  a  slew  rate  of  6V/ps,  gain-bandwidth 
product  of  2.4MHz,  and  power  bandwidth  of  100kHz.  Its  high 


speed  is  achieved  without  compromising  the  low  supply  cur- 
rent, which  is  typically  750/uA.  The  OP-43  has  a  bias  current  of 
only  5pA,  and  an  open-loop  gain  of  over  1  million.  Common- 
mode  rejection  is  an  outstanding  115dB,  far  beyond  that  availa- 
ble with  most  FET  op  amps.  The  OP-43  is  guaranteed  stable  for 
unity-gain  circuits  with  <  100pF  loads.  It  is  ideal  for  price- 
sensitive  applications  requiring  low  power-consumption  com- 
bined with  high  speed  and  high  accuracy. 

The  cascode  input  stage  gives  the  OP-43  its  exceptional  CMFt 
while  improving  CMR  linearity  with  changing  common-mode 
voltage.  This  input  stage  also  stabilizes  the  bias  current  over  the 
common-mode  range.  With  its  low  power-consumption  and  a 
power-supply  rejection  ratio  of  25/iV/V,  the  OP-43  is  an  ideal 
choice  for  battery-operated  systems.  Using  zener-zap  trimming 
techniques,  offset  voltage  is  adjusted  to  below  250pV  thus 
eliminating  the  need  for  external  nulling  in  many  applications. 
In  nortinverting  amplifier  configurations,  the  outstanding  CMR 


PIN  CONNECTIONS 


8  N.C. 

NUll[T 

T]n.c. 

NULL  W*'"^^">S-)7  v* 

-in[T 
*in[T 

V-E 

7]v 

J]OUT 

-IN  2  o— r"~T^ — y6  0UT 

*"*  *^^^r^*rS  "ULL 

EPOXY  MINI-DIP 

4  V-  (CASE) 

(P-Sufllx) 

TO-99 

(J-Suffix) 

3 

PL, 

-J 


< 

s 

o 

ui 

8 


SIMPLIFIED  SCHEMATIC 


Manufactured  under  the  following  U.S.  patent:  4.538.115. 
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OP-43  LOW-BIAS-CURRENT,  FAST  JFET  OPERATIONAL  AMPLIFIER 


of  the  OP-43  insures  linearity,  while  in  high-gain  configurations, 
linearity  and  accuracy  are  insured  by  the  OP-43's  guaranteed 
gain  of  1  million  into  a  2kfl  load. 

The  OP-43  exhibits  rapid  recovery  from  signal  overload.  Follow- 
ing saturation  at  the  positive  supply,  the  output  recovers  in  only 
3.5us.  Recovery  from  saturation  at  the  negative  supply  is  even 
faster. 

The  combination  of  low  offset  and  drift,  low  power,  low  bias 
current,  high  speed,  and  high  gain  plus  the  superior  CMR  and 
PSRR  performance  of  the  OP-43,  makes  the  device  suitable  for 
a  wide  range  of  demanding  applications  including  DAC  output 
amplifiers.  Where  low  power-consumption  is  required  in  battery- 
powered  or  portable  instrumentation,  the  OP-43  permits  high- 
gain  and  high-accuracy  amplification  along  with  high-speed. 
The  low  and  stable  bias  current,  combined  with  its  high  input 
impedance,  makes  it  an  excellent  choice  for  interfacing  with 
high  impedance  transducers  or  low-level  current  sources. 

In  applications  where  speed  is  not  essential,  and  superb  capaci- 
tive  load  driving  capabilities  are  required,  the  OP-41  is 
recommended. 

The  standard  "741"  pin-out  allows  existing  JFET  designs  and 
low-power  bipolar  designs,  to  be  upgraded  by  direct  replace- 
ment with  the  OP-43. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  3) 


Supply  Voltage  ±18V 

Internal  Power  Dissipation  (Note  1)  500mW 

Input  Voltage  (Note  2)  ±78V 

Output  Short-Circuit  Duration   Indefinite 

Differential  Input  Voltage  (Note  2)  ±18V 

Storage  Temperature  Range  -65°C  to  +150°C 

Operating  Temperature  Range 

OP-43A,  B    (J)  -55°C  to  +  125°C 

OP-43E,  F    (J)  -25°C  to  +85°C 

OP-43G      (P)  0°C  to  +70°C 

Lead  Temperature  Range  (Soldering,  60  sec)  300°C 

Junction  Temperature  -65°C  to  +150°C 

NOTES: 

1.    See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 

MAXIMUM  AMBIENT       DERATE  ABOVE 


TEMPERATURE       MAXIMUM  AMBIENT 
PACKAGE  TYPE  FOR  RATING  TEMPERATURE 

TO-99  (J)   80°C  71  mW/°C 

8-Pin  Plastic  DIP(P)   62°C  5.6mW/*C 

2.  For  supply  voltages  less  than  ±  18V.  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

3.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  +15V,  TA  =  25°C,  unless  otherwise  noted. 


OP-43A/E 

OP-43B/F 

OP-43G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  1 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Offset  Voltage 

Vos 

OP-43  E/F/G 
OP-43  A/B 

200 
200 

250 
500 

400 
400 

750 
1000 

500 

1500 

mV 

Offset  Current 

los 

(Note  1) 

0.04 

1 

0.05 

2 

0.05 

5 

PA 

Bias  Current 

'd 

(Note  1) 

3.0 

5 

3.5 

10 

3.5 

25 

PA 

Open-Loop 
Voltage  Gain 

Av0 

RL  =  2kIl 
V0  =  +10V 

1000 

5000 

500 

4000 

300 

3000 

V/mV 

Output  Voltage 
Swing 

v0 

RL  =  2kfl 

±12.3 

±12.6 

±12.0 

±12.6 

±11.0 

±12.6 

V 

Supply  Current 

'SY 

Vo  =  0V 

0.75 

1.0 

0.75 

1.2 

0.75 

1.2 

mA 

Input  Voltage 
Range 

IVR 

(Note  2) 

±11.0 

+  15.0 
-11.5 

±11.0 

+  15.0 
-11.5 

±11.0 

+  15.0 
-11.5 

V 

Common-Mode 
.  Rejection 

CMR 

VCM=±11V 

100 

115 

90 

110 

90 

110 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=  ±10V  to  ±18V 

5 

25 

to 

60 

10 

80 

nV/V 

Noise  Voltage 

Density  Referred 

e„ 

1kHz 

32 

32 

32 

nV/v"H7~ 

to  Input 

Short  Circuit 
Output  Current 

he 

Short  Circuit 
to  Ground 

±12 

+20 
-18 

±36 

±12 

+20 
-18 

±36 

±6 

+20 
-18 

±36 

mA 

Slew  Rate 

SR 

5 

6 

5 

6 

5 

6 

V/»s 

Gain  Bandwidth 

GBW 

2.4 

2.4 

2.4 

MHz 

Power  Bandwidth 

BWP 

100 

100 

100 

kHz 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25°C,  unless  otherwise  noted.  (Continued) 


OP-43A/E 

OP-43B/F 

OP-43G 

DA  D&UCTCD 

q v  unni 

tvd  M&y 

MIN 

TVD  MAX 

1  Ir  lYInA 

MtN 

TYP 

MAX 

UNtTS 

10V  Step  Av  =  -1 

Settling  Time 

to  0.1% 

2.5  — 

Hs 

to  0.01% 

- 

5  - 

- 

5  - 

- 

5 

- 

Overload  Recovery 

'or 

Negative  Going 

1   

3.5  - 

1  — 
3.5  - 

1 

35 

Capacitive  Load 
Stability 

CL 

Av=  +1 
(Note  3) 

100 

250  - 

too 

250  - 

100 

250 

pF 

Open-Loop  Output 
Resistance 

"o 

150  - 

150  - 

150 

fl 

Supply  Voltage 

Vs 

Rated  Performance 
Derated  Performance 

14.5 

115  - 
-  118 

14.5 

115  — 
-  118 

14.5 

« 15 

r  18 

V 

NOTES: 

1.  Warmed  up.  V,^,  =  0 

2.  Guaranteed  by  CMR  test. 

3.  Guaranteed  but  not  tested. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  TA  =  -556C/+125°C,  unless  otherwise  noted. 


OP-43A 

OP-43B 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Offset  Voltage 

v0s 

400 

1000 

600 

2000 

«v 

Temperature 

Coefficient  of 
Input  Offset 

TCV0S 

2.5 

5 

3.5 

10 

(iW°C 

Voltage 

Olfset  Current 

los 

(Nole  1) 

40 

1000 

50 

2000 

pA 

Bias  Current 

'e 

(Nole  1) 

4000 

7500 

4500 

15000 

pA 

Open-Loop 
Voltage  Gain 

Avo 

RL  =  2kii 
Vo  =  +10V 

1000 

5000 

500 

3000 

V/mV 

Output  Voltage 
Swing 

Vo 

RL  =  2k(l 

±12.0 

±12.5 

±11.5 

±12.5 

V 

Supply  Current 

'sv 

Vo  =  0V 

0.75 

1.2 

075 

1.2 

mA 

Input  Voltage 
Range 

IVR 

(Note  2) 

±11.0 

+  15.0 
-11.5 

±11.0 

+  15.0 
-11.5 

V 

Common-Mode 
Rejection 

CMR 

VCM=±11V 

95 

105 

85 

100 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  1 10V  to  1 18V 

5 

40 

10 

100 

Short  Circuit 
Output  Current 

'sc 

Short  Circuit  to  Ground 

±6 

+  12 
-17 

±36 

±6 

+  12 
-17 

+36 

mA 

Slew  Rate 

SR 

5 

6 

5 

6 

V/J.S 

Gain  Bandwidth 

GBW 

24 

24 

MHz 

Power  Bandwidth 

BWP 

100 

100 

kHz 

Capacitive  Load 
Stability 

CL 

Av  =  +1 
(Note  3) 

100 

250 

100 

250 

pF 

CO 


< 

2 
O 

ui 

CU 

o 


NOTES: 

1.  Warmed  up.  VCM  =  0 

2.  Guaranteed  by  CMR  test. 

3.  Guaranteed  but  not  tested. 
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OP- A3  LOW-BIAS-CURRENT,  FAST  JFET  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  -25<,C/+85°C  for  E/F  grades  and  0°C/70DC.for  G  grade,  unless 
otherwise  noted. 


OP-43E 

OP-43F 

OP-43G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

("Ulcer  Vnltana 
\J I  lad  vui  la^tj 

vos 

250 

750 

500 

1750 

500 

2000 

ltV 

Temperature 

Coefficient  of 
Input  Offset 

TCV0S 

— 

3.5 

8 

7.5 

— 

— 

7.5 

— 

?VI°C 

Voltage 

Offset  Current 

'OS 

(Note  1) 

_ 

5 

100 



10 

200 



20 



pA 

Bias  Current 

Ib 

(Note  1) 

- 

240 

500 

- 

300 

1000 

- 

100 

500 

pA 

Open~L.oop 
Voltage  Gain 

Avo 

RL  =  2kll 
Vo  =  +10V 

1000 

5000 

500 

4000 

300 

3000 

V/mV 

Oi limit  Vnltano 

Swing 

Vo 

RL  =  2k!) 

±12.0 

±12.6 

±11.5 

±12.5 

±11.0 

+  12.6 

V 

Supply  Current 

'SY 

Vq  =  OV 

0.75 

1.2 

0.75 

1.2 

0.75 

1.2 

trim  it  Vnltano 

Range 

IVR 

(Note  2) 

111.0 

+  15.0 
-11.5 

±11.0 

+ 15.0 
-11.5 

±11.0 

+  15.0 
-11.5 

— 

V 

Common-Mode 
Rejection 

CMR 

VCM  =  211V 

95 

110 

85 

100 

85 

100 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vg  —  ± 10V  10  1 18V 

5 

10 

IC-'i 

10 

100 

,iV/V 

Short  Circuit 
Output  Current 

'sc 

Short  Circuit 
to  Ground 

+6 

+  16 
-18 

±36 

±6 

+  16 
-18 

±36 

±6 

+20 
-18 

+36 

mA 

Slew  Rate 

SR 

5 

6 

5 

6 

5 

6 

V/(iS 

Gain  Bandwidth 

GBW 

2.4 

2.4 

2.4 

MHz 

Power  Bandwidth 

BWP 

100 

100 

too 

kHz 

Capacities  Load 
Stability 

Av=  tl 
(Note  3) 

100 

250 

100 

250 

100 

250 

pF 

1.  Warmed  up.  VCM  =  0 

2.  Guaranteed  by  CMR  test. 

3.  Guaranteed  but  not  tested. 


BURN-IN  CIRCUIT 


•  20V 


6 

-20V 
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OP-43  LOW-BIAS-CURRENT,  FAST  JFET  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS 


□  IE  SIZE  0.103  X  0.074  Inch,  7622  sq.  mils 
(2.62  X  1,88mm,  4.92  sq.  mm) 


1.  OFFSET  VOLTAGE  NULL 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  NEGATIVE  SUPPLY 

5.  OFFSET  VOLTAGE  NULL 

6.  AMPLIFIER  OUTPUT 

7.  POSITIVE  SUPPLY 


For  additional  DICE  ordering  inlormalion,  reler 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs  =  ±15V,  TA 

=  25°C.  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

OP-43N 
LIMIT 

UNITS 

Offset  Voltage 

v0s 

750 

,iV  MAX 

Bias  Current 

'b 

(Note  1) 

20 

pA  MAX 

Open-Loop  Voltage  Gain 

Avo 

RL  =  2kll 

500 

V/mV  MIN 

Output  Voltage  Swing 

v0 

RL=  2kll 

±12 

V  MIN 

Supply  Current 

'SY 

Vo  =  0V 

1.2 

mA  MAX 

Input  Voltage  Range 

IVR 

(Note  2) 

+  11 

V  MIN 

Common-Mode 
Rejection 

CMR 

VCU=±11V 

90 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs«  itOV  to  1 18V 

80 

tiV/V  MAX 

Short  Circuit 
Output  Current 

Isc 

Short  Circuit  to  Ground 

±12 

mA  MIN 

Slew  Rale 

SR 

5 

Wjis  MIN 

Capacitive  Load 
Stability 

CL 

Av  =  -t  1 
(Nolo  3) 

100 

pF  MIN 

NOTES: 
'    VCM  =  0 

2.  Guaranteed  by  CMR  test. 

3.  Guaranteed  but  not  tested. 


C 

< 
< 

2 
O 

O 


Electrical  tests  are  performed  at  water  probe  to  the  limits  shown  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed 
for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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OP-43  LOW-BIAS-CURRENT,  FAST  JFET  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


<  100? 


BIAS  CURRENT  vs 
TEMPERATURE 


-75    -50    -25      0      25     50     75     100  125 
TEMPERATURE  (aCI 


BIAS  CURRENT  vs 
COMMON-MODE  VOLTAGE 


OFFSET  CURRENT  vs 
TEMPERATURE 


COMMON-MODE  VOLTAGE  IVOLTSI 


TEMPERATURE f  C> 


OFFSET  VOLTAGE  vs 
SUPPLY  VOLTAGE 


±10  US 
SUPPLY  VOLTAGE  IVOLTSI 


WARM-UP  DRIFT  vs  TIME 


SUPPLY  CURRENT 
vs  TEMPERATURE 


TIME  AFTER  SUPPLY  TURN-ON  (MINI 


-75    -50    -25      0      25      50     75     100  125 
TEMPERATURE  <"CI 


SUPPLY  CURRENT 
vs  SUPPLY  VOLTAGE 


IB  ±12  ±16 

SUPPLY  VOLTAGE  (VOLTSI 


OPEN-LOOP  GAIN  AND 
PHASE  vs  FREQUENCY 


POWER  SUPPLY  REJECTION 
vs  FREQUENCY 


Ik  10k  100k 
FREQUENCY  (Htl 


FREQUENCY  IHt) 
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OP-43  LOW-BIAS-CURRENT,  FAST  JFET  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


COMMON-MODE 
REJECTION  vs  FREQUENCY 


100          1k  10k  100k 

FREQUENCY  IHil 


MAXIMUM  OUTPUT  SWING 
vs  FREQUENCY 


• 

-1 

II 

A 

-MAXIM) 

M 

S> 

UNO 

0 

w 

TH 

•0 
1 

T 

i 

SWI 

DIS 

IQ 

ORT 

Oh 

- 

10k  100k 
FREQUENCY  (Ht) 


MAXIMUM  OUTPUT  VOLTAGE 
vs  LOAD  RESISTANCE 


§  11 


_  1 II 

POSITIV 
njiTPtiT 

e4 

-N 

EOATIVE 

3 

UTPI 

T 

LOAD  RESISTANCE  1111 


TOTAL  HARMONIC 
DISTORTION  vs  FREQUENCY 

\fe-10Vp. 


Ik  10k 
FREQUENCY  IHil 


i 

£  4 


SLEW  RATE  vs 
TEMPERATURE 


o     a    u    is    ioo  i2s 

TEMPERATURE  I'd 


SETTLING  TIME  vs 
OUTPUT  STEP  SIZE 

t — r 


SETTLING  TIME 


SMALL-SIGNAL  OVERSHOOT 
vs  CAPACITIVE  LOAD 


0  12  3 

CAPACITIVE  LOAD  InFI 
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OP-43  LOW-BIAS-CURHENT,  FAST  JFET  OPERATIONAL  AMPLIFIER 


APPLICATIONS  INFORMATION 
TYPICAL  AC  PERFORMANCE 

The  OP-43  is  a  high-speed  op  amp  featuring  a  symmetrical 
5V/(is  minimum  slew  rate  and  a  2.4MHz  gain-bandwidth  pro- 
duct. It  is  guaranteed  stable  with  a  100pF  load  over  tempera- 
ture. Typically,  the  OP-43  is  capable  of  driving  several 
hundred  pF. 

Figure  1  shows  the  OP-43's  rapid  overload  recovery  time. 
This  is  the  time  required  for  the  output  to  return  to  its  linear 
operating  region,  after  the  output  saturates  at  each  supply. 
Many  op  amps  may  be  used  in  a  system,  and  following  a 
system  overload,  timing  delays  are  necessary  to  allow  all 
devices  to  stabilize.  The  fast  recovery  time  of  the  OP-43 
allows  these  delays  to  be  much  shorter,  thus  speeding  overall 
system  recovery.  The  photo  also  shows  the  well-controlled 


FIGURE  1:  Overload  Recovery  Time  at  AVCL  =  10 


FIGURE  2:  Small-Signal  Transient  Response  at  AVCL  =  -1 


BBS 

if! 

"Si 
■an 

iii 

mm 

■■■ 
■■■ 

FIGURE  3:  Small-Signal  Transient  Response  at 
AVCl  =  5  with  tOOOpF  Load 


linear  characteristics  of  the  amplifier  and  its  freedom  from 
oscillations. 

Figure  2  shows  the  small-signal  transient  response  of  the 
OP-43  with  a  gain  of  +  1.  When  operated  at  higher  closed-loop 
gains,  transient  response  is  further  improved.  In  a  gain  of  +5, 
there  is  essentially  no  overshoot  with  a  100pF  load,  and  even 
with  a  1000pF  load,  overshoot  is  minimal  (Figure  3). 

OFFSET  VOLTAGE  ADJUSTMENT 

Offset  voltage  is  adjusted  by  a  potentiometer  of  10kJl  to 
100kll  resistance.  This  potentiometer  should  be  connected 
between  pins  1  and  5  with  the  wiper  connected  to  the  V- 
supply.  (See  Figure  4.)  Nulling  Vos  will  change  TCVrjs  by  no 
more  than  5^V/°C  per  millivolt  of  Vqs  change. 

FIGURE  4:  Input  Offset  Voltage  Nulling 


NOTE: 

Vpt  CAM  BE  tmnv.iVC.itH 
POTENTIOMETER  RANG  I  NO 
FROM  ICfttl  to  locta 


CMR  MEASUREMENT  METHODS 

Two  separate  methods  are  used  to  measure  the  CMR.  The 
first  method  is  used  over  the  range  of  10Hz  to  20kHz.  This 
method  grounds  the  input  circuitry  and  applies  the  common- 
mode  signal  to  the  remainder  of  the  op  amp  (Figure  5). 

FIGURE  5:  Circuit  Used  To  Measure  CMR 
From  10Hz  to  29kHz 
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The  AMP-01  eliminates  loading  on  the  output  stage.  This 
assures  that  the  OP-41  output  is  not  required  to  deliver  cur- 
rent into  the  feedback  circuit.  The  effects  of  the  DUT  open- 
loop  gain  changing  with  frequency  are  therefore  significantly 
reduced.  The  circuit  does  not  require  tight  resistor-matching. 
DC  data  sheet  limits  may  be  verified  using  this  method.  Cir- 
cuit accuracy  is  dependent  on  the  high  CMR  of  the  AMP-01. 

An  alternate  circuit  may  be  used  to  make  high-frequency 
measurements  from  2kHz  to  500kHz  (Figure  6).  The  2kHz  to 
20kHz  data  overlap  can  be  used  to  verify  the  accuracy  of  the 
respective  test  methods. 

This  method  drives  the  input  stage  with  the  test  signal  and 
requires  an  accurate  ratio  of  resistors,  R4/R3  =  R1/R2.  To 
measure  CMR  to  100dB  requires  ratio  matching  to  better  than 
Wppm.  For  this  reason,  it  is  not  practical  to  use  the  second 
method  at  low  frequencies  where  CMR  is  greater  than 
80— 100dB. 

Connecting  the  DUT  directly  to  R4  can  cause  measurement 
errors.  If  the  DUT  is  not  buffered  with  a  broadband  low- 
output-impedance  amplifier,  the  frequency-dependent  out- 
put impedance  of  the  DUT,  in  series  with  R4,  rapidly  un- 
balances the  resistor  ratios.  This  causes  frequency 
dependent  errors.  The  OP-27  provides  good  performance 
over  the  range  of  frequencies  used. 

FIGURE  6:  Circuit  Used  To  Measure  CMR 
From  2kHz  to  500kHz 


FIGURE  7:  Settling-Time  Test  Circuit 


-  TO  GAIN/PHASE  METER 


GAIN/PHASE 
METER 


SETTLING-TIME  MEASUREMENT 

Figure  7  is  the  test  circuit  used  to  measure  the  settling  time. 
This  circuit  uses  the  "false  sum-node"  technique.  When  the 
system  is  initially  set  up,  the  200fl  pot  is  adjusted  until  the  DC 
output  voltage  to  the  scope  is  unchanged  when  the  input  is 
changed  from  +10V  to  -10V.  The  2N4416  FET  buffer  isolates 
the  sum  node  from  the  scope  probe  load-capacitance.  The 
pulse  generator  must  be  properly  terminated  and  have  ring- 
ing below  the  expected  error  signal.  (2.5mV  in  a  5V  pulse  for 
0.1%  overshoot  measurement.) 


GUARDING  AND  SHIELDING 

High  input  impedances  and  low  currents  present  a  host  of 
problems  in  a  real  circuit  design.  Unshielded  high- 
impedance  lines  act  as  antennae,  picking  up  line-frequency 
hum  (50  or  60Hz)  and  noise  from  radio  and  television  trans- 
missions, as  well  as  local  radar  installations  and  airports.  Low 
currents  are  easily  overwhelmed  by  leakage  currents  of 
100pA  or  more  existing  on  a  clean  PC  board.  To  avoid  these 
problems,  careful  attention  must  be  paid  to  the  physical 
design  and  layout  of  the  circuit. 

Hum  and  RF  pickup  are  minimized  by  keeping  all  high- 
impedance  leads  inside  shielded  enclosures.  Feedback  and 
input  resistors  should  be  kept  as  close  to  the  device  as  possi- 
ble. A  separate,  shielded  power  supply  should  be  used  to 
prevent  line  noise  from  being  retransmitted  inside  the 
shielded  enclosure.  Shielded  cables  should  be  used  for  all 
connections  to  devices  outside  the  enclosure.  These  cables 
should  be  held  rigid  to  prevent  capacitively-coupled  noise 
originating  from  mechanical  flexing  and  vibration.  The 
choice  of  exactly  what  type  of  cable  to  use  depends  heavily 
on  the  frequency  range  of  interest.  For  high  precision  work, 
two-wire  twisted-pair  cable  with  an  additional  shield  gives 
the  best  protection  against  interference  and  noise  coupling. 
This  type  of  cable  will  give  good  performance  for  most  fre- 
quencies used  with  the  OP-43.  At  frequencies  above  -100kHz, 
however,  the  capacitance  of  this  type  of  transmission  line 
can  seriously  degrade  performance.  In  this  case,  regular 
coaxial  cable  should  be  used. 

For  best  results,  the  shield  should  be  driven  by  a  low 
impedance  voltage  of  the  same  level  as  the  input  signal.  This 
will  minimize  the  differential  voltage  across  the  cable  in- 
sulation, greatly  reducing  leakages  and  the  effective  input 
capacitance  of  the  cable.  Shielding  should  be  connected  in 
such  a  manner  as  to  avoid  ground  loops.  For  the  operating 
frequencies  of  the  OP-43,  this  means  connecting  one  end  of 
the  shield  while  the  other  is  left  free.  The  choice  of  which  end 
is  connected  is  dependent  upon  the  specific  application. 
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When  the  shield  is  grounded,  and  a  transducer  is  being  used 
which  requires  a  ground  reference,  it  is  generally  preferable 
to  make  the  connection  at  the  remote  side.  If  the  shield  is 
being  driven  by  the  OP-43  as  discussed  below,  the  connec- 
tion must  be  at  the  op  amp  end.  Using  these  techniques, 
noise  induced  by  electric  fields  can  be  virtually  eliminated. 

In  a  noninverting  amplifier  configuration,  the  shield  may  be 
attached  to  the  inverting  input  of  the  op  amp  if  the  feedback 
voltage  divider  is  of  low  impedance.  Since  the  amplifier  keeps 
the  two  inputs  at  the  same  potential,  the  shield  will  track  the 
signal.  This  method  is  shown  in  Figure  8.  If  the  shield  is  long, 
its  inherent  capacitance  can  present  an  excessive  load  on  the 
input  of  the  device.  In  this  case,  or  if  the  feedback  network 
causes  the  input  to  be  a  high  impedance  node,  an  OP-41  may 
be  used  as  a  buffer  to  drive  the  shield.  (See  Figure  9.)  Since 
the  OP-41  is  driven  by  only  a  portion  of  the  output  signal,  its 
slew-rate  requirement  is  reduced.  The  circuit  is  stable  with 
gains  of  2  or  more,  but  for  optimal  shielding  the  gain  should 
be  greater  than  5.  This  will  optimize  the  OP-41  buffer's  ability 
to  track  the  signal. 


The  leakage  currents  on  a  PC  board,  even  a  clean  one,  can 
easily  exceed  the  signals  being  amplified  by  a  low-bias- 
current  op  amp.  The  best  method  of  eliminating  this  problem 
is  to  use  Teflon'  insulators  to  support  the  wires  and  com- 
ponents to  the  inputs  and  feedback  on  the  op  amp.  The  op 
amp  itself  should  be  placed  in  a  Teflon  socket,  if  possible. 
This  eliminates  contact  with  the  PC  board  for  the  sensitive 
high-impedance,  low  current  inputs. 

An  alternative  method  is  to  guard  all  high  impedance  traces 
on  the  PC  board.  Guard  traces  should  be  placed  on  both 
sides  of  the  PC  board,  around  the  inputs  of  the  OP-43  and  the 
signal  traces.  If  the  op  amp  is  being  used  in  the  inverting 
mode,  the  guard  traces  should  be  connected  to  ground.  In 
the  noninverting  mode,  the  guard  traces  should  be  driven  by 
a  portion  of  the  OP-43's  output  signal,  in  the  same  manner  as 
used  with  a  cable  shield  (Figures  8,  9).  Again,  the  idea  is  to 
minimize  the  differential  voltages  between  the  signal  lines 
and  the  guard  traces.  When  the  guard  drive  voltage  is  equal  to 
the  input  signal,  leakage  currents  will  be  effectively 
eliminated. 


FIGURE  8:  Guard  Connections  For  Noninverting  Amplifier 


GUARD  TRACES 


A 


NOTE: 

TO  MINIMIZE  NOISE  PICKUP. 
FEEDBACK  RESISTORS  SHOULD  BE 
RELATIVELY  LOW  IMPEDANCE. 


FIGURE  9:  Noninverting  Amplifier  With  Shield  Driver 


When  the  op  amp  is  used  as  an  inverting  amplifier,  it  is  not 
practical  to  drive  the  shield  at  the  same  potential  as  the 
signal,  unless  there  are  shield  drivers  associated  with  the 
signal  source.  In  the  case  where  the  source  lacks  shield 
drivers,  the  shield  is  grounded. 


CURRENT-TO-VOLTAGE  CONVERSION 

One  of  the  most  common  applications  of  low-bias-current 
amplifiers  is  as  a  current-to-voltage  converter.  A  wide-range 
photodetector  is  shown  in  Figure  10,  which  has  excellent 
sensitivity  and  speed.  It  demonstrates  a  method  of  achieving 
higher  gains  without  using  large  feedback  resistors,  by  tak- 
ing the  feedback  from  a  fraction  of  the  output.  Not  only  will 
this  method  reduce  the  noise  associated  with  the  resistors, 
but  it  allows  the  use  of  more  easily  obtained  components. 
This  circuit  makes  an  excellent  receiver  for  fiber  optic  uses. 

ACTIVE  FILTERS 

The  low  bias  current  and  high  speed  of  the  OP-43  make  it  well 
suited  to  active  f  i  Iter  applications,  allowing  the  use  of  smaller 
capacitors  and  larger  resistors  to  obtain  low  frequency  poles. 
Two  configurations  based  upon  the  Sallen  &  Key  type  filters 
are  shown  in  Figures  11  and  12. 

For  the  highpass  design,  the  cutoff  frequency  to  and  quality 
factor  Q  of  the  filter  are  defined  by 

1  "b 

fc= — J —  K  =  1  + 


2rrRC 


3-K 


H  =  K 


where  K  is  the  gain  of  the  voltage-controlled-voltage-source 
(i.e.  the  noninverting  op  amp),  and  H  is  the  overall  gain  of  the 
filter.  The  transfer  function  of  this  filter  is 


Vqut  (<") 


H(ja.)2 


VinM       (jw)2  +  j  ^y  +  tao2 


where  ai  =  2rrf  and  j : 


'Telton  is  a  registered  trademark  ot  the  Dupont  Company. 
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FIGURE  10:  Photodetector/Fiber-Optic  Receiver 
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FIGURE  11:  Highpass  Filter 


FIGURE  12:  Bandpass  Filter 


As  an  example,  consider  a  filter  with  a  cutofl  frequency  of 
10kHz  and  a  Q  of  5.  This  will  give  a  steep  rolloff  with  a  peak  at 
the  edge  of  the  passband.  We  choose  100pF  as  a  convenient 


capacitor  value,  then  solving  for  R  and  K,  we  arrive  at  values 
of  158kn  and  2.8,  respectively.  Ra  and  Rb  are  chosen  to  be 
10kn  and  18kll  to  arrive  at  the  required  gain  (K)  of  2.8,  thus 
giving  the  desired  configuration.  The  resultant  filter  displays 
the  desired  transfer  function  and  enters  a  high-frequency 
rolloff  when  the  op  amp  goes  into  slew-rate  limiting,  about 
100kHz  for  the  OP-43  with  a  ±10V  output  swing. 

The  bandpass  filter  has  a  center  frequency  f  o  and  Q  defined 
by 


v/2" 
2n-RC 

4-K 


and  its  transfer  function  is 


K  =  1  + 


4-K 


Vqut  (<") 


jiu 


(i<")2  +  i 


(*)■ 


Several  other  designs  are  possible,  with  both  the  highpass 
and  the  bandpass  filter  topographies  shown,  using  unequal 
values  for  the  resistors  and  capacitors.  For  a  more  complete 
treatment,  consult  one  of  the  many  books  available  on  active 
filters,  such  as  Daryanani:  Principles  ol  Active  Network  Syn- 
thesis and  Design  (Wiley,  1976)  or  Huelsman  and  Allen:  Intro- 
duction to  the  Theory  and  Design  of  Active  Filters  (McGraw- 
Hill.  1980). 

INTERFACING  TO  HIGH  IMPEDANCE  TRANSDUCERS 

Because  of  its  low  bias  current  and  very  high  input- 
impedance,  many  high  impedance  transducers  may  be  direct- 
ly interfaced  with  the  OP-43.  When  connecting  transducers 
in  this  manner,  it  should  be  remembered  that  a  return  path  for 
the  DC  bias  current,  no  matter  how  small  it  is,  must  always  be 
provided.  If  this  is  neglected,  the  bias  current  will  charge 
stray  capacitances  around  the  input  and  create  drift  prob- 
lems. With  the  OP-43,  the  drift  will  be  significantly  smaller 
than  that  found  with  other  low-cost  devices,  but  one  must  still 
avoid  the  temptation  to  eliminate  all  DC  current  paths. 

Figure  13  shows  the  OP-43  as  a  differential  amplifier  with  a 
piezoelectric  pressure  transducer.  The  common-mode  rejec- 
tion of  this  circuit  is  primarily  dependent  upon  the  resistor 
matching.  A  high  input  impedance  is  necessary  to  obtain 
good  low-frequency  response.  The  OP-43's  low  bias  current 
allows  high  value  resistors  to  be  used  in  this  low-cost  circuit, 
giving  it  the  required  impedance.  In  addition,  the  cable  shield 
should  be  grounded  to  prevent  excessive  noise  pickup.  The 
differential  input  impedance  is 

Rq  =  R1  +  R3 

while  the  gain  of  the  circuit  is 


Acl  = 


R2 
R1 
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The  OP-43  is  especially  attractive  in  this  application,  where  it 
allows  a  high-input-impedance  differential  amplifier  to  be 
constructed  at  minimal  cost,  while  retaining  the  speed 
necessary  to  record  transient  phenomena. 

Extremely  high  input-impedance  is  achieved  at  both  inputs 
using  the  two  op  amp  instrumentation  amplifier  shown  in 
Figure  14.  The  input  impedance  is  that  of  each  OP-43. 
Common-mode  rejection  is  again  dependent  upon  matching 
the  resistor  ratios.  The  gain  of  the  circuit  is  given  by 

*—  (,+tt) 

Since  each  device  operates  with  a  gain  of  2,  the  common- 
mode  range  is  only  ±5.5V. 

FIGURE  13:  Differential  Amplifier 


R2 


FIGURE  14:  High  Input-Impedance 
Instrumentation  Amplifier 


ISOLATION  AMPLIFIER 

In  conjunction  with  two  optocouplers,  or  a  dual  optocoupler 
such  as  the  Hewlett-Packard  HCPL-2530,  three  OP-43's  can 
be  combined  to  create  an  isolation  amplifier.  In  this  sort  of 
amplifier,  the  input  and  the  output  operate  on  separate  power 
supplies,  allowing  extremely  high  common-mode  voltages  to 
be  dealt  with.  In  industrial  applications,  an  isolation  amplifier 
protects  instrumentation  from  high  voltages  at  the  sensing 
site.  When  interfacing  with  a  computing  system,  an  isolation 


amplifier  will  protect  the  rest  of  the  system  from  a  sensor 
which  accidentally  becomes  shorted  to  a  high  voltage. 

The  basic  isolation  amplifier  circuit  is  shown  in  Figure  15(a). 
The  circuit  operates  on  the  principle  that  the  nonlinearitiesof 
one  optocoupler  will  be  tracked  by  the  nonlinearities  of 
another,  if  they  are  well  matched.  By  using  an  optocoupler  in 
the  feedback  loop  of  the  second  OP-43,  the  nonlinearities  of 
the  isolating  optocoupler  will  be  cancelled.  The  operation  of 
the  isolation  amplifier  can  be  better  understood  by  examin- 
ing the  individual  sections  of  the  circuit. 

Figure  15(b)  shows  the  isolated  input  section  of  the  circuit. 
The  output  of  the  OP-43  drives  a  current  through  LEDa. 
Resistor  R3a  provides  a  constant  bias  for  the  LED,  allowing  it 
to  operate  at  full  speed.  Since  the  bias  current  of  the  OP-43  is 
negligible,  the  current  flowing  through  LEDa  will  be 

V1N  V-2-V|N 

I  Ca  =    +   

R2a  R3a 
Each  LED  will  induce  a  current  I c  in  its  associated  phototran- 
sistor.  This  current  is  given  by 

Thus,  the  current  flowing  through  the  output  transistor  on 
the  a  side  will  be 

R2„  R3„  I 

Similarly,  by  analyzing  the  currents  flowing  through  LEDb, 
we  arrive  at  an  equation  for  lct>.  which  is 


Icb  -  Kb 


These  currents,  flowing  through  resistors  R4,  form  the  input 
for  the  b  side  of  the  isolation  amplifier,  as  shown  in  Figure 
15(c).  The  feedback  on  the  op  amp  through  the  optocoupler, 
forces  the  noninverting  input  to  the  same  potential  as  the 
inverting  input.  Note  that  the  output  transistor  in  the  opto- 
coupler inverts  the  polarity  of  the  signal,  causing  negative 
feedback  through  the  noninverting  input.  This  effectively 
reverses  the  function  of  the  op  amp's  input  pins.  The  feed- 
back voltage  on  the  noninverting  input  will  be  V|N+  =  V|N-,  or 
lcaf»a=  lCbR4b- 

At  this  point,  we  make  the  assumption  that  the  two  opto- 
couplers are  well  matched,  i.e.  their  current  transfer  ratios  K, 
as  well  as  their  nonlinear  response  defined  by  n  and  If',  are 
similar.  In  addition,  since  the  LEDs  are  being  biased  directly 
from  the  power  supplies,  we  assume  that  the  supplies  for  the 
two  sides  are  both  stable  and  matched  in  their  voltage  level. 
Since  the  resistors  for  the  a  and  b  sides  are  the  same  values,  it 
can  be  seen  by  inspection  of  the  above  equations  for  lc«and 
lCb  that  Vo  =  V|N.  In  reality,  the  optocouplers  are  not  perfectly 
matched,  giving  rise  to  offset  and  nonlinearity  effects. 
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The  last  OP-43  is  an  output  buffer  for  the  isolation  amplifier. 
The  input  to  this  amplifier  is  Vo  from  Figure  15(b),  which  was 
shown  above  to  be  equivalent  to  VIN.  The  low  bias  current 
ensures  that  it  does  not  affect  the  voltage  it  is  amplifying. 
Gain  is  realized  in  this  stage,  and  any  offsets  induced  in  the 
previous  stages  may  be  corrected  by  offsetting  this  op  amp. 
Although  shown  in  the  circuit  as  a  simple  gain  stage,  this 
output  amplifier  may  take  any  form  desired.  It  may  be 
configured  as  a  filter  or  other  waveshaping  circuit  as  needed. 
The  only  requirement  is  that  the  buffer  not  disturb  the 
currents  in  the  optocoupler  feedback  circuit,  thus  non- 
inverting  amplifier  configurations  are  preferred.  For  highest 
linearity,  the  currents  in  the  two  LEOs  should  track  as  closely 
as  possible. 


In  the  circuit  shown,  the  LEDs  have  been  biased  by  resistor 
R3.  For  greater  accuracy,  a  precision  current  sink  of  approxi- 
mately 3mA  could  be  substituted  for  the  resistors.  In  addition, 
the  collectors  of  the  optocoupler  output  transistors  could  be 
connected  to  a  more  stable  voltage  source  than  the  power 
supplies.  These  measures  would  decrease  the  sensitivity  of 
the  amplifier  to  the  power  supplies. 

With  stable  supplies,  the  circuit  has  excellent  response  and 
displays  less  than  0.5%  DC  nonlinearity  with  a  2VP.P  signal. 
The  high  speed  of  the  OP-43  gives  the  circuit  a  power 
bandwidth  of  100kHz,  while  the  majority  of  the  power  budget 
is  consumed  in  biasing  the  LEDs.  The  dual  optocoupler 
provides  isolation  against  600VDC  common-mode  voltages. 
Higher  isolations  may  be  achieved  using  two  separate  opto- 
couplers,  such  as  HP's  6N136. 


FIGURE  15:  Isolation  Amplifier 
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HIGH-SPEED,  PRECISION 
OPERATIONAL  AMPLIFIER  (AVa  ^  3) 


Precision  Monolithics  Inc. 


FEATURES 

•  Slew  Rate  lOOV/jisMIn 

•  Gain-Bandwidth  Product  ISMHzMin 

•  Common-Mode  Rejection  86dB  Min 

•  Open-Loop  Gain  SOOV/mVMIn 

•  Offset  Voltage   750uVMax 

•  Bias  Current   200pA  Max 


•  Excellent  AC  CMR  and  PSR 

•  Radiation  Hard 


12  bits  (0.01%)  is  800ns,  typical.  Wideband  noise  is  minimized 
by  only  12nV/\/Hz  flatband  noise. 

Excellent  DC  precision  makes  the  OP-44  unique  among  high- 
speed amplifiers.  Offset  voltage  below  750/iV  and  10>V/°C 
maximum  drift  eliminates  the  need  for  external  nulling  poten- 
tiometers in  most  applications.  Common-mode  rejection  ol 
86dB  minimum  and  an  open-loop  gain  of  500V/mV  ensures 
high  linearity.  Errors  due  to  bias  current  are  virtually  eliminated 
with  the  OP-44's  200pA  maximum  input  current. 


ORDERING  INFORMATION! 


PIN  CONNECTIONS 


TA  =  25°C  - 

PACKAGE 

OPERATING 
TEMPERATURE 
RANGE 

VosMAX 
(mV) 

TO-99 

HERMETIC 
DIP 

LCC 

1.00 

OP44AJ- 

OP44AZ" 

OP44ARC/883- 

MIL 

0.75 

OP44EJ 

OP44EZ 

INO 

1.50 

OP44FJ 

OP44FZ 

INO 

Plastic  Mini-Dip  and  SOIC  to  be  announced. 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add /683alter 

part  number.  Consult  lactory  for  683  data  sheet, 
t  Burn-in  is  available  on  commercial  and  Industrial  temperature  range  parts  in 

cerdip,  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book,  Section  2. 

GENERAL  DESCRIPTION 

The  OP-44  is  a  fast  precision  JFET-input  operational  amplifier 
delivering  a  120Wu,s  typical  slew  rate  in  closed-loop  gains  of 
three  or  more.  Full-power  bandwidth  is  2MHz  for  a  20Vp.p 
sine-wave,  and  4MHz  for  a  10Vp.p  signal.  Gain-bandwidth 
product  is  typically  23MHz.  Settling  time  to  0.1%  is  200ns,  and  to 


NULL  \T    %  T]  N.C. 

-iNjT-fs^  T]v. 

•iNd-l^ 

v-E 


T]  OUT 
JJ  NULL 


8-PIN  HERMETIC  DIP 
(Z-Suffix) 


'  LdLdLJUsIL*!  S 

N.C.  JJ  f«  N.C. 

-in  JJ  Q7  v+ 

N.C.  JJ  Qi  N.C. 

♦  IN  JJ  [ts  OUT 

N.C.  JJ  [m  N.C. 


TO-99 
(J-Sutfix) 

20-CONTACT  HERMETIC  LCC 
(RC-Suftlx) 


pm!) 
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Applications  for  the  OP-44  Include  data  acquisition  systems, 
pulse  amplifiers,  RF,  IF  arid  video  amplifiers,  and  signal 
generators. 

The  OP-44  conforms  to  the  standard  741  pinout  with  nulling  to 
V—.  It  offers  an  excellent  upgrade  for  circuits  using  the  LF400 
and  AD509.  The  HA-2520/22/25  are  easily  upgraded  by  re- 
moving any  external  nulling  components. 

For  a  unity-gain  stable  amplifier  sharing  many  of  the  OP-44's 
characteristics,  consult  the  OP-42  data  sheet. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  ±20V 

Internal  Power  Dissipation  (Note  3)  500mW 

Input  Voltage  (Note  2)  ±20V 

Differential  Input  Voltage  (Note  2)  40V 

Peak  Output  Current  50mA 

Storage  Temperature  Range  -65°C  to  175"C 


Operating  Temperature  Range 

OP-44A  (J,  Z)  -55°C  to  +125°C 

OP-44E,  F  (J,  Z)  -25°C  to  +85°C 

Junction  Temperature  -65°C  to  175°C 

Lead  Temperature  Range  (Soldering,  60  sec)  300°C 

NOTES: 

1.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  For  supply  voltages  less  than  ±20V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

3.  See  table  for  maximum  ambient  temperature  and  derating  factor. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

TO-99(J) 

80-0 

7.1mW/°C 

Hermetic  8-Pin  DIP  (Z) 

75"C 

6.7mWC 

Hermetic  20-Contact  LCC  (RC) 

72°C 

7.8mW/"'C 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-44E 

TYP 

MAX 

MIN 

OP-44F 
TYP 

MAX 

MIN 

OP-44A 
TYP 

MAX 

UNITS 

Offset  Voltage 

Vos 

0.3 

0.75 

0.4 

1.5 

0.3 

1.0 

mV 

Input  Bias  Current 

'b 

VCM  =  0VT,  =  25''C 

- 

80 

200 

- 

130 

250 

- 

80 

200 

PA 

Input  Offset  Current 

'os 

VCM=0VT|  =  25''C 

4 

40 

6 

50 

4 

40 

PA 

Input  Voltage  Range 

IVR 

(Note  1) 

±11 

+12.5 
-12.0 

±11 

+  12.5 
-12.0 

+11 

+12.5 
-12.0 

V 

Common-Mode 
Rejection 

CMR 

VCM  =  +11V 

86 

96 

80 

92 

86 

96 

dB 

Power-Supply 
Rejection  Ratio 

PSRR 

VS  =  ±10V 
to  ±20V 

9 

40 

12 

50 

9 

40 

jiV/V 

Large-Signal 
Voltage  Gain 

Avo 

RL=1kIl  T'"25C 

500 
200 
100 

900 
260 
170 

500 
200 
100 

900 
260 
170 

500 
200 
100 

900 
260 
170 

V/mV 

Output  Voltage 
Swing 

v0 

RL=  Ikn 

±11.5 

+12.5 
-11.9 

+11.5 

+  12.5 
-11.9 

+11.5 

+12.5 
-11.9 

V 

Output 
Current 

'out 

+20 

+33 
-28 

±20 

+33 
-28 

±20 

+33 
-28 

mA 

Supply  Current 

ISV 

No  Load 

Vo  =  0V 

6.5 

7.5 

6.5 

7.5 

6.5 

7.5 

mA 

Slew  Rate 

SR 

RL=2kIl 
CL  =  50pF 

100 

120 

80 

100 

100 

120 

V/pS 

Full-Power 
Bandwidth 

BWp 

Vo  =  ±10V 
(Note  2) 

1.5 

2.0 

1.2 

1.6 

1.5 

2.0 

MHz 

Gain-Bandwidth 
Product 

GBW 

Av=  10 
(Note  3) 

15 

23 

15 

23 

15 

23 

MHz 

Settling  Time 

<s 

10V  Step  0.1% 
(Note  4 1 

0.2 

0.2 

0.2 

fS 

Rise  Time 

t, 

V0  =  ±200mV 
(Note  3.  4) 

25 

50 

25 

50 

25 

50 

ns 

Overshoot 

V0  =  =:200mV 
(Note  3.  4) 

25 

40 

25 

50 

25 

40 

% 

Overload  Recovery 
Time 

•or 

700 

700 

700 

ns 

Capacitive  Load 
Drive  Capability 

Cl 

AVCL>3 
(Note  3) 

50 

150 

50 

150 

50 

150 

pF 

2 

u-j 


>— 1 

< 

Z 
O 

pi 
m 

Ph 

O 


5-213 


10/87,  Rev.  B1 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  -  25°C,  unless  otherwise  noted.  (Continued) 


OP-44E 

OP-44F 

OP-44A 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TVP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input 

Resistance 

(Note  3) 

10" 

10" 

— 

10" 

10" 

10* 

10" 

n 

Open-Loop 
Output  Resistance 

Ro 

_ 

SO 

— 

— 

SO 

— 

_ 

SO 

n 

Voltage  Noise 

0.1Hz  to  10Hz 

- 

2 

- 

- 

2 

- 

- 

2 

- 

fQ  =  10Hz 

36 

38 

38 

Vbltage  Noise 
Density 

»n 

f0  =  100Hz 
l0=  1kHz 

- 

16 
13 

- 

- 

16 
13 

- 

- 

16 
13 

- 

nVA/fiz 

l0  =  10kHz 

— 

12 

— 

— 

12 

— 

— 

12 

— 

Current  Noise 
Oensity 

>n 

f0  =  1KHz 

0.007 

0.007 

0.007 

pA/VHz 

External  Vgg 
Trim  Range 

Rpoi  =  10kf( 

4 

4 

4 

mV 

Long-Term 
Vqs  Drilt 

5 

5 

5 

month 

Supply  Voltage 
Range 

Vs 

(Note  3) 

±B 

±15 

±20 

±8 

±15 

±20 

±8 

±15 

±20 

V 

NOTES: 

1.  Guaranteed  by  CMR  test.  3.  Guaranteed  but  not  tested. 

2.  Guaranteed  by  slew-rate  test  and  formula  BWP  =  SR/(2ir10VPEAK).  4.  See  test  circuit,  page  7. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  -25°C  <  TA<  85"C  for  E/F  grades,  and  -55°C  <  TA<  125"C  for  A  grade,  unless 
otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-44E 
TYP 

MAX 

MIN 

OP-44F 

TYP 

MAX 

MIN 

OP-44A 
TYP 

MAX 

UNITS 

Offset  Voltage 

Vos 

0.4 

1.2 

0.6 

2.5 

0.5 

2.0 

mV 

Offset  Voltage 
Temperature 
Coefficient 

TCVos 

4 

10 

8 

4 

10 

pWC 

Input  Bias  Current 

le 

(Note  1) 

0.5 

1.2 

0.6 

2.0 

6 

20 

nA 

Input  Ollset  Current 

los 

(Note  1) 

0.05 

0.2 

0.06 

0.4 

0.2 

1.0 

nA 

Input  Voltage  Range 

IVR 

(Note  2) 

±11 

+12.5 
-12.0 

±11 

+12.5 
-12.0 

±11 

+12.5 
-12.0 

V 

Common-Mode 
Rejection 

CMR 

VCM  =  ±11V 

84 

94 

80 

92 

84 

94 

dB 

Power-Supply 
Rejection  Ratio 

PSRR 

VS=±10V 
to±20V 

2 

40 

6 

SO 

10 

50 

pV/V 

Large-Signal 
Voltage  Gain 

*vo 

RL  =  10kfl  (Note  1) 
HL=2kn  Vo=±10V 

200 
100 

500 
160 

200 
100 

500 
160 

160 
80 

350 
110 

V/mV 

Output  voltage 
Swing 

v0 

RL  =  2kfl 

±11.0 

+12.3 
-11.8 

±11.0 

+12.3 
-11.8 

±11.0 

+12.3 
-11.8 

V 

Output 
Current 

•out 

±8 

±8 

±8 

mA 

Supply  Current 

'sv 

No  Load 
V0  =  OV 

6.5 

75 

6.5 

7.5 

6.5 

7.5 

mA 

Slew  Rate 

SR 

RL=2kll;CL=50pF 

80 

100 

70 

90 

80 

100 

V/fis 

Capacitive  Load 
Drive  Capability 

cL 

(Note  3) 

50 

100 

50 

100 

SO 

100 

pF 

IVUIE3! 

1.  T,  =  85'C  tor  E/F  Grades;  Tj  =  125°C  lor  A  grade. 

2.  Guaranteed  by  CMR  test. 

3.  Guaranteed  but  not  tested. 
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DICE  CHARACTERISTICS 


'  is 


DIE  SIZE  0.09B  X  0.070  Inch,  6B60  sq.  mils 
(2.49  X  1.78  mm,  4.43  sq.  mm) 


1.  OFFSET  VOLTAGE  NULL 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  NEGATIVE  SUPPLY 

5.  OFFSET  VOLTAGE  NULL 

6.  AMPLIFIER  OUTPUT 

7.  POSITIVE  SUPPLY 

For  additional  DICE  ordering  information,  reler 
to  1988  Data  Book.  Section  2. 


WAFER  TEST  LIMITS  at  Vs  =  ±15V,  J,  =  25°C.  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-44N 
LIMIT 

UNITS 

Oltset  Voltage  ' 

vos 

1.5 

mV  MAX 

Input  Bias  Current 

'b 

VCM  =  ov 

250 

pA  MAX 

Input  Offset  Current 

"OS 

vCM  =  ov 

50 

pA  MAX 

Input  Voltage  Range 

IVR 

(Note  1) 

ill 

V  MIN 

Common-Mode  Rejection 

CMR 

VCM  =  ±11V 

80 

dB  MIN 

Power-Supply 
Rejection  Ratio 

PSRR 

VS  =  ±10V  to  i20V 

50 

,iV/V  MAX 

Large-Signal 
Voltage  Gain 

Al0 

RL=  10kl! 
RL  =  2kll 
RL=  1  kit 

500 
200 
100 

V/mV  MIN 

Output  Voltage  Swing 

Vo 

RL=  lktl 

ill. 5 

V  MIN 

Output 
Current 

'oui 

2.20 

mA  MIN 

Supply  Current 

'SY 

No  Load 
V0=OV 

7.5 

mA  MAX 

Slew  Rate 

SR 

80 

V/fiS  MIN 

Capacitive  Load 
Drive  Capability 

cL 

(Note  21 

50 

pF  MIN 

NOTES: 

1.  Guaranleed  by  CMR  test. 

2.  Guaranleed  but  not  tested. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  isnol  guaranteed 
for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lol  qualification  through  sample  lot  assembly  and  testing. 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


OPEN-LOOP  GAIN,  PHASE 
vs  FREQUENCY 


»•  = 

1 

±15V 

mn" 

"l  = 
<a  = 

^PHA 

■COA 

-» 

-» 

COAI 

k  ttk  100k  1M 
FREQUENCY  |H» 


COMMON-MODE  REJECTION 
vs  FREQUENCY 


v,= 

arc 

±15V 

ik     at  m 

FREQUENCY  (Hx) 


POWER-SUPPLY  REJECTION 
vs  FREQUENCY 


+PSR 

=  JS*C 
=  ±15V_ 

1k  10k 
FREQUENCY  (Hi) 


SLEW  RATE  vs 
TEMPERATURE 


Vi- 

11SV 

NEQ 

TIVE 

POi 

rnvE 

-75    -M    -25      0      25      50     75     tOO  125 
TEMPERATURE  rC) 


SLEW  RATE  vs  DIFFERENTIAL 
INPUT  VOLTAGE 


I 


— 1 

T« 
V| 

-  75 
-It 

C 
5V 

1  rx 


SLEW  RATE  vs 
CAPACITIVE  LOAD 


- 1  

ISO  |— V«  =  i15V- 


DIFFERENTIAL  INPUT  VOLTAGE  (VOLTS) 


25         50        75        tOO  125 
CAPACfTWE  LOAD  (pf) 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 
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APPLICATIONS  INFORMATION 

The  OP-44  is  a  high-speed  amplifier  internally  compensated  for 
closed-loop  gains  of  3  or  more.  Slew  rate  is  typically  120V/ps, 
which  allows  the  OP-44  output  to  handle  a  20Vp.p  sine  wave  at 
2MHz.  Stability  is  ensured  by  the  OP-44's  guaranteed  capacitive 
load  drive  ability  of  50pF. 

The  input  capacitance  of  high-speed  op  amps  often  causes  a 
noticeable  degradation  of  pulse  response,  resulting  in  exces- 
sive overshoot  and  ringing.  The  pole  introduced  by  the  input 
capacitance  can  be  compensated  by  placing  a  similar  capaci- 
tance in  the  feedback  loop  of  the  amplifier.  For  the  OP-44,  the 
input  capacitance  is  typically  6pF. 

Small-signal  and  large-signal  transient  responses  are  shown  in 
Figures  1  and  2.  These  photos  were  taken  using  the  gain  of  3 
test  circuit  shown  in  Figure  3. 

As  with  most  JFET-input  op  amps,  the  output  of  the  OP-44  may 
undergo  phase  inversion  if  either  input  exceeds  the  specified 
input  voltage  range.  Phase  inversion  will  not  damage  the 
amplifier,  nor  will  it  cause  an  internal  latch-up. 

FIGURE  1:  Small-Signal  Transient  Response 
(Avcl  =  +3.  Cu  =  50pF) 


Supply  decoupling  must  be  used  to  overcome  inductance  and 
resistance  associated  with  the  supply  lines  to  the  amplifier.  For 
most  applications,  a  0.1  jjF  to  0.01^F  placed  between  each 
supply  pin  and  ground  is  adequate.  If  supply  lines  are  extremely 
long  and/or  noisy,  an  additional  tantalum  capacitor  between 
3.3pF  and  10jiF  should  be  placed  in  parallel  with  each  of  the 
smaller  decoupling  capacitors. 

The  OP-44  displays  excellent  resistance  to  radiation.  Radiation 
hardness  data  is  available  by  contacting  the  factory. 

FIGURE  3:  Transient  Response  Test  Circuit 


OFFSET  VOLTAGE  ADJUSTMENT 

Offset  voltage  is  adjusted  with  a  10ki!  to  100kJl  potentiometer 
as  shown  in  Figure  4.  The  potentiometer  is  connected  between 
pins  1  and  5  with  its  wiper  connected  to  the  V—  supply.  Nulling 
V0s  in  this  manner  changes  TCV0s  by  no  more  than  5jiV/°C  per 
millivolt  of  Vqs  change.  Alternately,  Vqs  may  be  nulled  by 
attaching  the  potentiometer  wiper  through  a  1  M!l  resistor  to  the 
positive  supply  rail. 

FIGURE  4:  Input  Offset  Voltage  Nulling 
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Digital  offset  correction  is  possible  using  the  nulling  pins.  The 
circuit  of  Figure  5  will  correct  for  greater  than  ±4mV  of  offset, 
allowing  correction  of  some  system  errors  in  addition  to  (he 
OP-44's  offset  voltage.  One  of  the  four  voltage-output  DACs  on 
the  PM-7226  is  used  to  apply  a  voltage  between  OV  and  10V  to 
the  200kll  resistor,  while  the  255kfl  resistor  is  tied  to  the  +10V 
reference.  One  LSB  of  the  8-bit  PM-7226  is  equivalent  to 
approximately  35*<V  of  offset  change  around  the  zero  offset 
point. 

FIGURE  5:  Digital  Offset  Correction 


FIGURE  6:  High-Speed,  Low-Offset,  Low-Drift  Amplifier 
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A  common  problem  with  many  high-speed  amplifiers  is  a 
requirement  for  more  DC  precision  than  the  amplifier's  capa- 
bility. While  the  OP-44  already  offers  an  order  of  magnitude  or 
more  improvements  in  precision  over  previous  high-speed 
amplifiers,  some  users  may  find  a  need  for  even  greater 
precision. 

Figure  6  shows  a  combination  amplifier  melding  the  precision 
DC  characteristics  of  an  OP-97  with  the  high  speed  of  the 
OP-44.  The  OP-97  reacts  for  low-frequency  and  DC  signals, 
while  the  OP-44  is  dominant  at  higher  frequencies.  Over- 
compensation of  the  OP-97  ensures  that  it  operates  only  at  low 
frequencies.  Resistor  matching  is  important  to  optimize  this 
circuit's  transient  response.  The  overall  supply  current  of  this 
combination  amplifier  is  only  slightly  higher  than  that  of  the 
OP-44  alone.  This  is  due  to  the  minimal  consumption  of  the 
OP-97,  only  600jjA.  Transient  response  of  this  circuit  is  shown  in 
Figure  7.  Its  initial  offset  voltage  is  20jjV,  while  TCV0s  is  less  than 
0.6nV/°C. 


FIGURE  7:  Combination  Amplifier  Transient  Response 


FIGURE  8:  Combination  Amplifier  V0s  vs  Temperature 
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Baseline  restoration  is  another  useful  technique  for  correcting 
errors  introduced  by  amplifier  drift,  or  by  electromagnetic 
pickup.  High-impedance  sources,  such  as  a  human  body,  are 
notorious  for  large  DC  drifts.  In  many  cases,  where  pulse  or  AC 
measurements  are  being  made,  and  the  pulse  height  above  a 
nominal  DC  line  contains  the  important  information. 

While  a  simple  high-pass  filter  may  be  adequate  for  some 
situations,  the  baseline  restorer  shown  in  Figure  9  allows  a  wide 
degree  of  flexibility  for  analog  adaptive  filtering  techniques,  and 
offers  some  benefits  not  available  with  a  frequency-domain 
filter. 

The  baseline  restorer  behaves  as  a  nonlinear  filter,  acting  upon 
the  slew  rate  of  the  input  signal  rather  than  its  frequency.  Its 
output  will  restore  the  base  of  the  pulses  to  an  arbitrary  level,  set 
by  VREF.  The  slew  rate  cutoff  of  the  filter  is  set  by  the  current 
flowing  through  Q1,  which  is  in  turn  set  by  VPROgram-  vREFand 
^program  may  De  controlled  by  a  voltage-output  DAC  such  as 
thePM-7226.  If  current  programming  is  desired,  R program  may 
be  removed  and  replaced  by  a  current-source,  such  as  a  bipolar 
DAC. 

To  understand  the  circuit's  operation,  assume  that  capacitor  C 
has  charged  to  the  DC  baseline.  If  the  output  swings  above  the 
baseline,  IC2  swings  low,  reverse  biasing  diode  D2.  D1  is  pulled 
low,  and  forward  biases.  A  current  (l2  -  I,)  discharges  the 
capacitor  until  equilibrium  is  restored.  If  the  output  drops  below 
the  baseline,  IC2  swings  high,  and  D2  becomes  forward  biased. 
I2  is  supplied  by  the  output  of  IC2  while  h  charges  C  until  the 
baseline  is  restored.  The  rate  of  restoration  depends  upon  the 
current  available  to  charge  or  discharge  C. 


FIGURE  10:  Baseline  Restorer  Response 


For  symmetric  operation,  with  the  same  restoration  rate  for 
positive  or  negative  excursions  from  the  baseline,  l2  must  be 
twice  I,.  This  provides  an  equal  current  for  charging  and 
discharging  the  capacitor.  I)  is  set  by  the  current  flowing 
through  Q1  in  the  MAT-04.  An  identical  current  flows  through 
each  transistor.  The  MAT-03  matched  PNP  pair,  Q5  and  Q6,  act 
as  a  current  mirror  to  reflect  the  current  through  Q2  (I,).  Q3and 
Q4  create  l2,  which  is  twice  I , .  I )  may  be  set  anywhere  between  a 
few  nanoamps  to  several  mA.  Higher  currents  will  result  in 
rejection  of  faster-slewing  signals,  while  lower  currents  will 
allow  passage  of  slower  signals. 

The  OP-44  is  configured  for  a  gain  of  —1,  but  gain  is  adjustable 
by  R1  and  R2,  and  is  simply  -(R2/R1).  OP-44  stability  is  main- 
tained by  the  dominant  pole  introduced  by  C. 
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Precision  Monolithics  Inc. 


OP-50 

HIGH-OUTPUT-CURRENT 
OPERATIONAL  AMPLIFIER  (Avcl  ^  5) 


FEATURES 

•  Open-Loop  Gain   10,000,OOOV/V  Min 

•  Low  Input  Offset  Voltage   25/uV  Max 

•  Low  Input  Bias  Current  SnA  Max 

•  Excellent  TCV0S  0.3aiV/oC  Max 

•  High  CMRR    126dB  Min 

•  High  PSRR    126dBMIn 

•  Low  Noise   5.5nVA/HT@  f  =  10Hz 

 4.5nV/v^HT@  f  =  1kHz 

•  High  Output  Current    ±50mA 

•  Drives  Capacitive  Loads  up  to  10nF 

•  On-Board  Thermal  Shutdown  Circuit 

PIN  CONNECTIONS 


ORDERING  INFORMATION 


TA=25°C 
V0SMAX 
<fV) 

PACKAGE 
CERDIP 
14-PIN 

OPERATING 
TEMPERATURE 
RANGE 

25 

OP-50AV 

MIL 

100 

OP-50BY" 

MIL 

25 

OP-50EY 

IND 

100 

OP-50FY 

IND 

♦IN  fT 

NULL 

-in(T 

lL 

TTI  NULL 

N.C.[T 

N.C.  (T 

TT|  comp 

v-rr 

OUT  [7 

Ti  v* 

-Vop(T 

T]  N.C. 

14-PIN  HERMETIC  DIP 
(Y-Suffix) 


NOTE: 

NO  INTERNAL  CONNECTION  TO 
PINS  3, 4,  AND  8. 


'  For  devices  processed  in  total  compliance  to  M IL-STD-883.  add  /883  alter 
part  number.  Consult  factory  for  883  data  sheet. 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1888 
Data  Book,  Section  2. 

GENERAL  DESCRIPTION 

The  OP-50  eliminates  the  need  for  an  output  buffer  in  appli- 
cations which  require  high  load-driving  capability  coupled 
with  premium  amplifier  performance.  The  output  stage  can 
drive  ±50mA  into  50ft  loads.  In  addition,  the  output  is  stable 
with  capacitive  loads  of  up  to  10nF.  This  load  driving  ability 
makes  the  OP-50  ideal  for  amplifying  small  signals  for  trans- 
mission through  long  cables.  The  amplifier  features  open- 
loop  voltage  gain  of  over  10  million  with  common-mode 
rejection  and  power  supply  rejection  of  greater  than  126dB 
(A/E  grades). 


SIMPLIFIED  SCHEMATIC 


tU 


i 

o 

tU 

O 


EXTERNAL 
COMPENSATION 

r^VW— ff--| 
I  I 

ICOMP  iCOMP 


VOP* 


NOTE  SEPARATE  SUPPLIES  FOR  OUTPUT  STAGE. 


Manufactured  under  the  following  patents:  4.471.321  and  4,503.381. 
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The  OP-50  is  stable  for  closed-loop  gains  above  SO,  and  can 
be  externally  compensated  for  closed-loop  gains  in  the  range 
of  5  to  50.  The  amplifier  is  designed  for  use  in  high-gain 
and/or  high-output-current  applications.  For  example,  an 
OP-07  coupled  with  an  output  buffer  can  be  replaced  by  a 
single  OP-50  amplifier. 

Ion-implanted  superbeta  transistors,  combined  with  a  pat- 
ented input  bias  current  cancellation  circuit,  provide  an  input 
bias  current  of  only  5n A  and  input  offset  current  of  1  nA.  Over 
the  full  military  temperature  range,  input  bias  current  and 
input  offset  current  for  an  A-grade  device  does  not  exceed 
8nA  and  3nA,  respectively.  Input  offset  voltages  are  trimmed 
to  a  maximum  of  25pV  ( A/E  grades)  and  100pV  (B/F  grades) 
using  PMI's  zener-zapping  technique.  This  low  offset  elimi- 
nates the  need  for  an  offset  trimpot  in  most  applications. 

Low  voltage-noise,  typically  4.5nV/\/Hz  at  1  kHz,  is  achieved 
in  the  OP-50  with  minimum  sacrifice  of  input  protection. 
Overload  protection  is  provided  by  input  resistors  of  250fl 
and  emitter-base  diodes.  The  input  resistors  provide  current 
limit  protection  against  differential  inputs  of  up  to  ±10V;  and 
the  diodes  prevent  avalanche  breakdown  which  could 
degrade  the \g.  los.  and  matching  of  the  input  stage  transis- 
tors. External  resistors  can  be  added  to  the  input  to  guard 
against  higher  input  voltages;  however,  the  added  resistors 
will  degrade  noise  voltage  performance.  When  minimum 
noise  voltage  is  required,  source  resistance  should  be  kept 
below  a  few  hundred  ohms. 

Separate  output-stage  power  supply  pins  are  provided  on  the 
OP-50  to  allow  control  of  device  power  dissipation  and  out- 
put voltage  swing.  The  maximum  voltage  which  may  be 
applied  across  the  power  supply  pins  is  ±18V.  The  guaran- 
teed specifications  are  based  on  operating  both  stages  at 
±15V;  however,  there  is  minimal  effect  on  DC  performance 
when  the  main  amplifier  is  operated  at  ±15V  and  the  output 
stage  is  operated  at  a  reduced  voltage.  When  operating  both 
the  main  amplifier  and  the  output  stage  at  the  same  voltages, 
the  corresponding  power  supply  pins  may  be  tied  together. 
Decoupling  capacitors  are  recommended  between  the  power 
supply  pins  and  analog  ground.  It  is  necessary  to  use  decou- 
pling capacitors  on  each  power  supply  pin  when  operating 
the  output  stage  at  supply  voltages  less  than  the  amplifier 
supply  voltage.  Do  not  operate  the  output-stage  negative 
power  supply  pin  at  a  more  negative  voltage  than  the  nega- 
tive supply  pin  (V-). 

A  thermally-symmetric  die  layout,  which  differs  from  other 
op  amp  designs  by  the  positioning  of  more  devices  along  the 
center  line,  provides  the  OP-50  with  a  thermal  drift  of  less 
than  0.3fiV/°C.  This  layout  feature  is  critical  to  the  mainte- 
nance of  high  open-loop  gain  when  driving  large-current 
loads  and  dissipating  hundreds  of  milliwatts  in  the  device. 
The  use  of  a  heatsink  is  recommended  to  reduce  internal 
temperature  rise  when  operating  at  high  output  power  levels. 
The  use  of  standard  dual-in-line  package  heatsinks  will  help 
to  dissipate  heat  to  the  environment.  Other  techniques,  such 
as  the  use  of  external  voltage-dropping  resistors,  allow  heat 
to  be  dissipated  outside  of  the  package.  See  Figure  5,  "Driving 
50ft  Loads",  in  the  applications  section. 


A  thermal-shutdown  circuit  protects  the  OP-50  from  overdis- 
sipation.  When  the  die  temperature  reaches  approximately 
165°C,  the  output  stage  automatically  shuts  down.  The 
amplifier  input  stage  remains  fully  operational,  thereby  pro- 
tecting the  signal  source  from  any  loading  changes  caused 
by  a  complete  shutdown. 

COMPENSATION  FOR  GAINS  BETWEEN  5  AND  50 

The  OP-50  can  be  compensated  for  inverting  gains  between 
5  and  50  using  a  series  resistor  and  capacitor.  These  values 
can  be  adjusted  to  minimize  overshoot  for  a  given  applica- 
tion. The  recommended  compensation  is: 


GAIN  RANGE 

Rc  Cc 

5<  AVCLS20 
20  <  AVCL<50 
AVCL  >  50 

56011  4.7nF 
3.3kl)  1nF 
No  compensation  required 

COMPENSATION 

ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  (Note  2)   ±18V 

Internal  Power  Dissipation  (Note  3)    SOOmW 

Input  Voltage  Supply  Voltage 

Differential  Input  Voltage  (Note  4)    ±10V 

Differential  Input  Current  (Note  4)    ±20mA 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range  -65°C  to  +150°C 

Operating  Temperature  Range 

OP-50A.  B   -55°C  to  +125°C 

OP-50E.  F  -25°C  to  +85°C 

Lead  Temperature  (Soldering,  60  sec)   300° C 

DICE  Junction  Temperature  (Tj)  -65°C  to  +150°C 


PACKAGE  TYPE 

MAXIMUM  AMBIENT 
TEMPERATURE 
FOR  RATING 

DERATE  ABOVE 
MAXIMUM  AMBIENT 
TEMPERATURE 

14-Pin 
Hermetic  DIP  (Y) 

106"C 

11.3mW/°C 

NOTES: 

1.  Absolute  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  Supply  vottage  rating  applies  to  all  power  supply  pins.  No  device  pins 
should  be  connected  to  a  voltage  more  negative  than  the  supply 

to  V-  pin  5. 

3.  See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 

4.  The  OP-50's  inputs  are  protected  by  25011  series  resistors  and  protection 
diodes.  If  the  differential  input  voltage  exceeds  +10V,  the  input  current 
must  be  limited  to  ±20mA. 
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ELECTRICAL  CHARACTERISTICS  at  V+  =  +V0P  =  +1 5V,  V-  =  -V0p  =  -15V.  TA  =  25°C.  no  compensation,  unless  otherwise 
noted. 


OP-50A/E 

OP-50B/F 

ni  n  A IICTCD 

rAHAMcTcn 

oTMbUL 

pnMniTinuc 

UUNUI 1  lUNd 

MIN 

TYP 

WAX 

MIN 

TVP 

MAX 

UNITS 

Input  Ollset  Voltage 

v0S 

10 

25 

50 

100 

fV 

Input  Bias  Current 

le 

+1 

±5 

+1 

±10 

nA 

Input  Offset  Current  * 

Inc 
■OS 

- 

0.1 

1 

- 

0.1 

3 

nA 

Input  Voltage  Range 

IVR 

CMRR  >  10MB 

±12 

±12 

V 

Output  Voltage  Swing 

v0 

RL>500I! 
RL>501!  (Notel) 

±13 
±2.5 

±13.4 
±4.0 

- 

±13 
±2.5 

±13.4 
±4.0 

- 

V 

V+  =  +Vop=+5V, 

Output  Voltage  Swing 

vO 

V-  =  -V0P  =  -5V 
RL=  soon 

±3.5 

±3.8 

±3.5 

±3.8 

V 

RL  =  50I1 

±2.5 

±2.8 

- 

±2.5 

±2.8 

- 

RL>  2M1 

Slew  Rate 

SR 

Rc  =  56011 
Cc  =  4.7nF 

2.5 

3.0 

2.5 

3.0 

_ 

V/fiS 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM=±10V 

126 

140 

110 

120 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±5VIO±15V 

0.1 

0.5 

0.5 

1 

fiV/V 

Large-Signal 
Voltage  Gain 

Avo 

VQ=  ±10V.  RL=  1  k f I 

10 

20 

75 

15 

V/pV 

Gain-Bandwidth  Product 

GBW 

AVCL  =  50  (Note  2) 

15 

25 

_ 

15 

25 

— 

MHz 

Offset  Voltage 
Range  Adjust 

Rp  =  100k!! 

±1.0 

±2.5 

- 

±1.0 

±2.5 

- 

mV 

Input  Noise  Voltage 

Gnp.p 

1  =  0.1Hz  10  10Hz 

- 

0-12 

- 

- 

0.12 

- 

«Vp.p 

Noise  Voltage  Density 

On 

'■=,0H2  (Not.  3) 
f  =  1kHz  1"u""'' 

— 
- 

5.5 
4.5 

8.5 
6.0 

— 

- 

5.5 
4.5 

8.5 
6.0 

Noise  Current 

inp-p 

f  =  0.1HZ  to  10Hz 

- 

2 

— 

- 

2 

— 

pAp-p 

Noise  Current  Density 

in 

1  =  100Hz 
f  =  1kHz 

0.3 
0.23 

— 

0.3 
0.23 

— 

pA/x/TjT 

Quiescent  Supply 
Current 

'SY 

No  Load 

2.6 

3  3 

2.6 

3.3 

mA 

Positive  Current  Limit 

+ISC 

Output  shorted  to  Ground 

95 

120 

60 

95 

120 

mA 

Negative  Current  Limit 

-lsc 

Output  shorted  to  Ground 

60 

85 

120 

60 

85 

120 

mA 

Differential-Mode 

2 

2 

Mil 

Input  Resistance 

— 

- 

Common-Mode 
Input  Resistance 

^INCM 

20 

20 

Gil 

Capacitive  Load 
Capability 

CL 

Avct^S 

Rc=  5601!  (Note  2) 
Cc  =  4.7nF 

10 

10 

nF 

Settling  to  0.01%.  V0  =  20Vp.p 

Settling- Time 

Is 

AVCL  =  500 

30 

30 

AVCL=1000 

60 

60 

< 


NOTES: 

1.  Guaranteed  by  current  limit  tests. 

2.  Guaranteed  by  design. 

3.  Sample  tested. 
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ELECTRICAL  CHARACTERISTICS  at  V+  =  +V0P= +15V,  V-= -V0P=  -15V,  -25"C  <  TA<  +85,C,  no  compensation,  unless 
otherwise  noted. 


rHUHMC  1  CD 

QVMRftL 

O T  HIDUL 

pnNniTiou^ 

uunui  1 1 *j no 

MIN 

OP-50E 

TYP 

MAX 

MIN 

OP-50F 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

20 

45 

50 

150 

(•V 

Input  Offset 

W^Hftrta  thrift 

TCV0S 

(Nolel) 

- 

0.15 

0.3 

- 

0.3 

1 

mV/'C 

Input  Bias  Ourront 

'B 

±2 

+7 

±2 

±25 

nA 

Input  Offset  Current 

'os 

- 

0.2 

2.5 

- 

0.2 

20 

nA 

Input  Offset 
Current  Drift 

TCI0S 

- 

3 

- 

- 

5 

- 

pA/»C 

Input  Bias 
Current  Drift 

TCIB 

- 

20 

- 

- 

50 

- 

pA/°C 

Input  Voltage  Range 

IVR 

CMRR  2  lOOdB 

±11.5 

±11.5 

V 

Output  Voltage  Swing 

Vo 

RL  2  50011 

±12 

±13.4 

— 

±12 

±13.4 

— 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  -10V 

120 

130 

105 

120 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±5Vto±1SV 

0.5 

1.25 

0.5 

1.25 

Quiescent  Supply 
Current 

•sv 

No  Load 

2.8 

4 

2.8 

4 

mA 

Open-Loop  Gain 

Ayo 

4 

15 

4 

15 

NOTES: 

1.  TCV0S  tested  on  E  grade,  guaranteed  by  design  on  F  grade  specification. 

2.  Guaranteed  by  design. 


ELECTRICAL  CHARACTERISTICS  at  V+  =  +VOP= +15V,  V-=-V0P=-15V,  -55°C  <  TA<  +125°C,  no  compensation,  unless 
otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-50A 

TYP 

MAX 

MIN 

OP-50B 

TYP 

MAX 

UNITS 

Input  Olfset  Voltage 

Vos 

20 

55 

50 

200 

iN 

Input  Offset 
Voltage  Drift 

TCVos 

0.15 

0.3 

0.3 

1 

dV/°C 

Input  Bias  Current 

lB 

±2 

±8 

±2 

±20 

nA 

Input  Offset  Current 

los 

0.5 

3 

0.5 

12 

nA 

Input  Offset 
Current  Drift 

TCI0S 

3 

5 

pA/°C 

Input  Bias 
Current  Drift 

TCIB 

20 

50 

pA/°C 

Input  Voltage  Range 

IVR 

CMRR  »  lOOdB 

±11.5 

±11.5 

V 

Output  Voltage  Swing 

v0 

RL2  500i! 

±12 

±13.2 

±12 

±13.2 

V 

Common-Mode 
Rejection  Ralio 

CMRR 

VcM  =  ±'0V 

120 

130 

105 

120 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=  ±5Vto±15V 

0.5 

1.25 

0.5 

1.25 

dV/V 

Quiescent  Supply 
Current 

'SY 

No  Load 

2.8 

4 

28 

4 

mA 

Open-Loop  Gain 

Avo 

Kir  ~ 

4 

10 

4 

10 

NOTE: 

1.  Tested  at  +125°C.  guaranteed  by  design  at  -55°C. 
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DICE  CHARACTERISTICS 


1.  NONINVERTING  INPUT 

2.  INVERTING  INPUT 

5.  V 

6.  OUTPUT 

i.  v0P 

3.  V+ 

10.  «-V0, 

11.  COMPENSATION 

12.  COMPENSATION 

13.  NULL 

14.  NULL 

15.  V  (OPTIONAL  BONDING  PAD)' 


For  additional  DICE  ordering  information,  roler 
to  19BB  Data  Book,  Section  2. 


DIE  SIZE  0.149  X  0.111  Inch,  16,539  sq.  mils 
(3.78  X  2.82  mm,  10.66  sq.  mm) 


WAFER  TEST  LIMITS  at  V+  =  +V0P 

=  +15V,  V-  =  -Vqp  =  -15V,  Ta  =  25°C, 

no  compensation,  unless  otherwise  noted. 

OP-50G 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

100 

,iV  MAX 

Input  Bias  Current 

'b 

110 

nA  MAX 

Input  Offset  Current 

'os 

3 

nA  MAX 

Output  Voltage  Swing 

v0 

F1L>500!! 

±13 

V  MIN 

Vt  =  +V0P  =  +5V.  V  -  =  -V0P  =  -5V 

Output  Voltage  Swing 

v0 

RL-500!> 
RL  =  50!t 

±3.5 
±2.5 

V  MIN 

Common-Mode 
Rejection  Ratio 

CMRR 

VCU=±10V 

110 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=  +5V  to  2 15V 

1 

,,V/V  MAX 

Large-Signal 
Voltage  Gain 

Avo 

Vo=±10V.  RL  Ikll 

7.5 

V/pV  MIN 

Positive  Current  Limit 

*'sc 

Output  shorted  to  Ground 

60 

mA  MIN 

Negative  Current  Limit 

-isc 

Output  shorted  to  Ground 

60 

mA  MIN 

Quiescent  Supply 
Current 

'SY 

No  Load 

33 

mA  MAX 

UJ 


:> 

< 

I — I 

< 

2 

O 

s 

ui 

o 


NOTE: 

Electrical  tests  are  perlormed  al  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lol  qualification  through  sample  lot  assembly  and  testing 
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TYPICAL  ELECTRICAL  CHARACTERISTICS  at  V+  =  +V0P= +15V,  V-  =  -V0p  =  -15V,  TA= 25°C,  no  compensation,  unless 
otherwise  noted. 


OP-50Q 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

UNITS 

RL  >  2kll 

Slew  Rate 

SR 

Rc  =  56011 
Cc  =  4.7nF 

3 

V/^s 

Noise  Voltage  Density 

e„ 

1  =  10Hz 
l  =  1kHz 

5.5 
4.5 

nw^Tir 

Input  Noise  Voltage 

enp.p 

1=  0.1Hz  to  10Hz 

0.12 

Noise  Current  Density 

in 

1  =  10Hz 
1  =  1kHz 

0.2 
0.15 

pa/\ZhT 

Capacitive  Load 
Capability 

Cl 

AVCL>5 
Rc  =  56011 
Cc  =  4.7nF 

10 

nF 

NOISE  TEST  CIRCUIT  (0.1  TO  10Hz) 

0.1pF 

HI- 

10Ok!l 
-VvV 


-O  -15V 


BURN-IN  CIRCUIT  OFFSET  NULLING  CIRCUIT 


ALL  RESISTORS  ARE  IX  METAL  FILM. 
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OP-SO  HIGH-OUTPUT-CURRENT  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


INPUT  OFFSET  VOLTAGE 
vs  TEMPERATURE 


-75    -SO    -25      0      iS      SO      It     tOO  IK 
TEMPERATURE  1'CI 


g  i.s 

a 


INPUT  BIAS  CURRENT 
vs  SUPPLY  VOLTAGE 


C 

tS  HO         116  120 

SUPPLY  VOLTAGE  (VOLTS) 


INPUT  BIAS  CURRENT 
vs  COMMON-MODE  VOLTAGE 


Vs-  MSV 

125*C 

25*C 

COMMON-MODE  VOLTAGE  IVOLTSI 


INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


1 — r 

M5V 


> 


SLEW  RATE  vs 

TBUBBB  ATI  IDC 


ai 

1 

■  115V 
■3.3M1  " 

■  tnF 

■  ikn 

* 

;r 

-  IW 

;r 

SLEW  RATE  vs 
TEMPERATURE 


-75    -50    -25      0      25  50 
TEMPERATURE  f 


-75    -50    -25      0      25      60      75     100  125 
TEMPERATURE  r*C) 


SLEW  RATE  vs 
CAPACITIVE  LOAD 


CMRRvs 
FREQUENCY 


10  100 
CAPACITIVE  LOAD  (nF) 


150 

140 

m 

130 

se 

o 

120 

K 

u 

110 

BC 
>■ 
-I 

100 

ft 

90 

3 

8 

80 

i 

70 

60 

PSRR  vs 
FREQUENCY 


I  I 
UNCOMPENSATED 

TA-25*C 
V«  "  115V 

/CL  -  10 

00 

-PSRR 

♦PSRR 

FREQUENCY  (Mt) 


100  Ik  10k 
FREQUENCY  tHi) 


NOTE: 

The  symbol  ±Vsis  used  to  indicate  the  supply  voltages  when  the  main  amplifier 
and  the  output  stage  are  being  operated  at  the  same  voltages. 
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OP-50  HIGH- OUTPUT-CURRENT  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


PSRR  vs 
FREQUENCY 


N 

c 

OUfr£H£A?_D 
TA  •  25"C 

Vs-  H5V 

■Cc  -  InF 

*P_HF 

& 

SUPPLY  CURRENT 
vs  TEMPERATURE 


— i — r 

Vo-  -15V 


FREQUENCY  [Hil 


-75     -50    -25      0       25      50      75      100  125 
TEMPERATURE  l°CI 


!  « 

i- 
X 

et 

e  1 


SUPPLY  CURRENT 
vs  SUPPLY  VOLTAGE 


0  ■!  ;10         115         >20  IS 

SUPPLY  VOLTAGE  IV0L1S1 


SHORT-CIRCUIT  CURRENT 
us  TEMPERATURE 


s 

- 

-75    -SO    -26     0       25      50     75      100  125 
TEMPERATURE  I  Cl 


CURRENT  NOISE  DENSITY 
vs  FREQUENCY 


10O  lb 

FREQUENCY (Hi) 


VOLTAGE  NOISE  DENSITY 
vs  FREQUENCY 


Vj*  rlbV 


FREQUENCY  (Hi) 
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OP-SO  HIGH-OUTPUT-CURRENT  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


GAIN,  PHASE  SHIFT 
vs  FREQUENCY 


CLOSED-LOOP  GAIN 
vs  FREQUENCY 


FREQUENCY  <Ht> 


tOOk 

FREQUENCY  (Hz) 


OUTPUT  VOLTAGE  SWING 
vs  LOAD  RESISTANCE 


LOAO  RESISTANCE  Oil 


OUTPUT  VOLTAGE  SWING 
VS  LOAD  RESISTANCE 


SMALL-SIGNAL  OVERSHOOT 
vs  CAPACITIVE  LOAD 


H  30 

in 


T    1  1  Nil 
TA-H'C 

VS 

16V 

-s 

jffUTAv 

CL 

•20 

A 

VCL 

000 

\ 

\ 

MAXIMUM  OUTPUT  SWING 
vs  FREQUENCY 


\\\    I  Mill 

*VCL '  30 
VS-!»5V 
TA  -  25'C 
Rj-3.3I.S1 
Cc-t»F 

n.  ■  ikn 

CL  •  lOOpF 


LOAO  RESISTANCE  [!!> 


CAPACITIVE  LOAO  InF) 


FREQUENCY  IHt> 
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OP-50  HIOH-OUTPUT-CURRENT  OPERATIONAL  AMPLIFIER 


TCV0S  TEST  CIRCUIT 


100M1 IV 

— w- 


•  1SV 

( 

O.OIpf 


•VISHAV  TYPE  S102K  RESISTORS 


APPLICATIONS  INFORMATION 

HIGH-SENSITIVITY  VOLTAGE  COMPARATOR 

A  comparator  capable  of  resolving  a  submicrovolt  difference 
signal  is  shown  in  Figure  1.  The  OP-50,  operating  without 
feedback,  drives  a  second  gain  stage  which  generates  a  TTL- 
compatible  output  signal.  Schottky-clamp  diodes  prevent 


overdriving  of  the  long-tailed  transistor  pair  and  stop  satura- 
tion of  the  output  transistor.  Power  supply  voltage  is  set  to 
±5V  to  lower  the  quiescent  power  dissipation  and  minimize 
thermal  feedback  due  to  output  stage  dissipation.  Operating 
from  ±5V  supplies  also  reduces  the  OP-50  rise  and  fall  times 
as  the  output  slews  over  a  reduced  voltage  range.  This,  in 
turn,  reduces  the  output  response  time. 

It  is  common  practice  with  voltage  comparators  to  ground 
one  input  terminal  and  to  use  a  single-ended  input.  The 
historic  reason  is  poor  common-mode  rejection  on  the  input 
stage.  In  contrast,  the  OP-50  has  very  high  common-mode 
rejection  and  is  capable  of  detecting  microvolt  level  differ- 
ences in  the  presence  of  large  common-mode  signals. 

The  comparator  is  not  fast,  but  it  is  very  sensitive  and  can 
detect  signal  differences  as  low  as  0.3*>V.  With  large  input 
overdrives,  the  circuit  responds  in  approximately  Zits.  if 
sharp  transitions  are  needed,  the  use  of  a  TTL  Schmitt- 
trigger  input  is  recommended.  A  table  of  Response  Time  vs. 
Input  Overdrive  is  shown  below. 


INPUT  OVERDRIVE 

lOOmV 

lOmV 

1mV 

100<iV 

10«iV 

Positive  Output  Delay 

3.2jjs 

40ps 

340f>s 

2.4ms 

Negative  Output  Delay 

1.8|is 

Sfis 

50>s 

38<Vs 

4.5ms 
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OP-50  HIGH-OUTPUT-CURRENT  OPERATIONAL  AMPLIFIER 


INTEGRATOR  AND  UNITY-GAIN  BUFFER 

Figure  2  shows  a  method  of  obtaining  unity-gain  in  a  buffer 
configuration.  The  R1  and  C1  network  provides  input  com- 
pensation to  circumvent  the  minimum  gain  requirement. 
Figure  3  shows  the  same  technique  applied  in  the  inverting 
mode  to  form  a  high  precision  integrator. 


FIGURE  2:  UNITY  GAIN  BUFFER 


FIGURE  3:  INTEGRATOR 
20mA  CURRENT  SOURCE 

The  20mA  current  source  exploits  the  high  output  current 
and  high  linearity  capabilities  of  the  OP-50.  Five  precision 
resistors  and  a  trim  potentiometer  are  required  in  this  circuit 
configuration,  known  as  the  Howland  Current  Pump.  The 
trim  potentiometer  is  used  to  balance  the  resistive  feedback 
dividers.  This  maximizes  the  current-source  output  impe- 
dance. Compensation  is  selected  for  a  voltage  gain  of  10. 

Compliance  is  better  than  ±11 V  at  an  output  current  of  20mA 
and  the  trimmed  output  resistance  is  typically  2Mfl  with 
ft\_<  SOOn.  The  transfer  function  is  given  by: 


.V|N(QIFF)X10-1 
101 


Amps 


Vin  (diff)  is  the  differential  input  voltage.  For  the  resistor 
values  shown  in  Figure  4,  the  maximum  Vin  (diff)  is  200mV. 


lookn  to.l%  nn  ti% 


o  'out 


OUT  ' 


KOWLAND  CURRENT  PUMP 

VOLTAGE  COMPLIANCE:  i  1 1 .0V  O  l0UT  -  20mA 

OUTPUT  RESISTANCE.  R0UT  (AT  lOUT  -  20mA  AND  RL  <  5C0I1I:  =2Mn 
STABLE  WITH  ALL  VALUES  OF  CAPACITIVE  LOAO. 


FIGURE  4:  20mA  CURRENT  SOURCE 
DRIVING  500  LOADS 

The  OP-50  can  provide  up  to  50mA  into  a  5011  load  and  up  to 
26mA  into  a  500H  load.  The  output  is  stable  driving  capacitive 
loads  of  up  to  10nF. 

Applications  that  make  use  of  the  high  output  current  capa- 
bility of  the  OP-50  will  cause  increased  power  dissipation  in 
the  amplifier.  To  reduce  internal  dissipation  in  these  applica- 
tions, external  voltage  dropping  resistors  can  be  connected 
in  series  with  the  output-stage  power  supply  pins.  As  shown 
in  Figure  5, 130n  resistors  can  be  attached  to  pin  7  (-VOP)  and 
to  pin  10  (+V0P).  To  maintain  stability  and  specified  perfor- 
mance levels,  0.047^F  decoupling  capacitors  should  be  used 
as  indicated  from  pin  7  and  pin  10  to  ground. 


A2 


0.047pF 


NOTE: 

RESISTORS  Rl  AND  R2  REDUCE  !C  POWER  DISSIPATION. 


OJ 

< 

o 

I 

UJ 

P-, 

o 


FIGURE  5:  DRIVING  501)  LOADS 
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Precisic»n  Monolithics  Inc. 


OP-62/OP-63/OP-64 

HIGH-SPEED,  HIGH-BANDWIDTH 
PRECISION  OPERATIONAL  AMPLIFIERS 


ADVANCE  PRODUCT  INFORMATION 


FEATURES 
OP-62 

High  Slew  Rate   15V/jis  Typ 

High  Gain  Bandwidth   50MHz  Typ 

Very  Low  Ollset  Voltage   200>V  Max 

Very  High  Gain   350V/mV  Min 

Very  Low  Noise   2.5nV/VHz  @  1kHz  Typ 

Low  Supply  Current    7mA  Max 

Unity-Gain  Stable 
Standard  741  Plnout 

OP-63 

Very  High  Slew  Rate  50V//js  Typ 

High  Gain  Bandwidth   50MHz  Typ 

Low  Offset  Voltage   750jiV  Max 

High  Gain   100V/mV  Min 

Low  Noise   7nV/v/R7  @  1kHz  Typ 

Low  Supply  Current    7mA  Max 

Unity-Gain  Stable 
Standard  741  Pinout 

OP-64 

Extremely  High  Slew  Rate   200V/fis  Typ 

Very  High  Gain  Bandwidth  (Av  >  +5)   200MHz  Typ 

Low  Offset  Voltage   750<jV  Max 

High  Gain   100V/mV  Min 

Low  Noise   7nV/VRz  @  1kHz  Typ 

Low  Supply  Current    7mA  Max 

Standard  741  Pinout 


GENERAL  DESCRIPTION 

PMI's  OP-62/63/64  series  of  operational  amplifiers  offer  pre- 
cision performance  with  outstanding  speed  and  bandwidth. 
Advanced  processing  techniques  have  enabled  PMI  to  make 
the  OP-62/63/64  series  superior  in  both  cost  and  performance 
to  many  dielectrically-isolated  and  hybrid  op  amps. 

The  OP-62  features  an  exceptional  combination  of  precision 
and  dynamic  performance.  The  input  offset  voltage  is  under 
200fiV  eliminating  the  need  for  offset  nulling.  Open-loop  gain 
exceeds  350,000  into  a  2k f!  load  insuring  excellent  gain  accu- 
racy and  linearity,  even  in  high  closed-loop  gain  applications. 
The  slew  rate  of  the  OP-62  is  15V/us  with  a  wide  gain  band- 
width of  50MHz.  Input  noise  voltage  density  is  only  2.5nV/\/Hz 
@  1kHz,  reducing  overall  system  noise. 

The  OP-63  utilizes  emitter  degeneration  to  increase  the  slew 
rate  to  50V//is.  Gain  bandwidth  remains  unchanged  at  50MHz. 
Input  offset  voltage  of  the  OP-63  is  under  750pV  with  an 
open-loop  gain  of  over  100,000  into  a  2k!l  load. 

The  OP-64  is  decompensated  and  is  stable  in  gains  of  5  or 
greater.  Slew  rate  of  the  OP-64  is  a  very  fast  200V/^s  with  a 
gain  bandwidth  of  200MHz.  The  OP-64  has  an  input  offset 
voltage  below  750pV  and  an  open-loop  gain  above  100,000 
into  a  2k f!  load.  Input  noise  voltage  density  of  the  OP-63  and 
OP-64  is  a  low  7nV/i/Hz  @  1kHz. 

In  other  high-speed,  high-bandwidth  amplifiers,  speed  and 
bandwidth  are  increased  at  the  expense  of  added  supply 


ORDERING  INFORMATION! 


PIN  CONNECTIONS 


PACKAGE 

OPERATING 

TEMPERATURE 

TO-99 

CEROfP 

PLASTIC 

LCC 

RANGE 

OP62AJ- 

OP62AZ- 

OP62ARC/833 

MIL 

OP62EJ 

OP62EZ 

XINO 

OP62FJ 

OP62FZ 

XINO 

OP62GP 

XINO 

OP62GStt 

XINO 

OP63AJ' 

OP63AZ' 

OP63ARC/883 

MIL 

OP63EJ 

OP63EZ 

XINO 

OP63FJ 

OP63FZ 

XIND 

OP63GP 

XINO 

OPS3GSU 

XINO 

OP64AJ- 

OP64AZ* 

OP64ARC/883 

MIL 

OP64EJ 

OP64EZ 

XINO 

OP64FJ 

OP64FZ 

XIND 

OP64GP 

XIND 

OPMGStt 

XIND 

*  For  devices  processed  In  total  compliance  to  MIL-STD-8S3,  add  /SB3  after 

part  number.  Consult  factory  for  883  data  sheet, 
t  Bum-in  Is  available  on  commercial  and  Industrial  temperature  range  parts 

in  cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  Information,  see 

1S88  Data  Book,  Section  2. 
ttFor  availability  and  burn-In  information  on  SO  and  PLCC  packages, 

contact  your  local  sales  office. 


v01  null  i 


TO-99  (J-Suffix) 


£.LiJLL]LLiyH_ 

3  E 
jj  05 

JJ  Q7 

u  m 


N.C. 
OUT 
N.C. 


JJ  OVER  COMP 

IJJv+ 
JJOUT 
JJv0J  NULL 


EPOXY  MINI-DIP 
(P-Suffix) 
8-PIN  CERDIP  (Z-Suffix) 
8-P/N  SO  (S-SuUlx) 


OP-62ARC/883 
OP-63ARC/883 
OP-64ARC/883 
20-CONTACT  LCC 
(RC-Suffix) 


This  advance  product  Information  describes  a  product  In  development  at  the  time  ot  this  printing.  Final  specifications  may  vary.  Please  contact 
local  sales  office  or  distributor  (or  final  data  sheet 
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current.  With  a  supply  current  under  7mA.  the  OP-62/63/64 
series  is  a  significant  improvement  over  other  high-speed, 
high-bandwidth  amplifiers.  The  OP-62/63/64  series  conforms 
to  the  standard  741  pinout  with  nulling  to  V+. 

The  outstanding  precision  and  dynamic  performance  of  the 
OP-62/63/64  series  make  these  amplifiers  ideally  suited  to 
applications  requiring  accurate  signal  processing  over  a  wide 


frequency  range.  Other  applications  include  high  frequency 
active  filters,  oscillators,  RF  and  pulse  amplifiers,  and  high- 
speed comparators.  The  frequency  response  of  the  OP-62/ 
63/64  can  be  adjusted  to  exact  design  requirements  by  means 
of  an  optional  external  bandwidth  control  capacitor  connec- 
ted to  the  over-compensation  pin.  This  reduces  system  noise 
and  increases  stability  with  large  capacitive  loads. 


SIMPLIFIED  SCHEMATIC 
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ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 


Supply  Voltage   ±18V 

Internal  Power  Dissipation  (Note  1) 

P,  RC,  S.  Z  Package   500mW 

Differential  Input  Voltage  (Note  3)   ±5.0V 

Differential  Input  Current  (Note  3)   ±25mA 

Input  Voltage   Supply  Voltage 

Output  Short-Circuit  Duration   Continuous 

Storage  Temperature  Range 

R  RC,  S,  Z  Package   -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)   300°C 

DICE  Junction  Temperature  (T,)   -65°C  to  +150°C 

Operating  Temperature  Range 

All  A  Grades   -55°C  to  +125BC 

All  E,  F  &  G  Grades   -40°C  to  +85°C 


NOTES: 

1.  See  table  for  maximum  ambient  temperature  and  derating  factor. 

MAXIMUM  AMBIENT    DERATE  ABOVE 
TEMPERATURE    MAXIMUM  AMBIENT 
 PACKAGE  TYPE  FOR  RATING  TEMPERATURE 

 TO-99  (J)  80°C  7.1mW/°C 

8-Pin  Cerdip  (Z)  75°C  6.7mW/°C 

 20-Conlact  IXC  (RC)  T2°C  7.8mW/°C 

2.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts, 
unless  otherwise  noted. 

3.  The  OP-62/63/64's  inputs  are  protected  by  back-to-back  zener  diodes. 
Current  limiting  resistors  are  not  used  in  order  to  achieve  tow  noise 
performance.  If  differential  voltage  exceeds  ±5.0V.  the  input  current 
should  be  limited  to  ±25mA. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C,  unless  otherwise  noted. 


OP-62E  OP-62A/F  OP-62G 

OP-63E  OP-63A/F  OP-63G 

OP-64E  OP-64A/F  OP-64G 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset 

Vos 

OP-62 

200 

300 

500 

«V 

Voltage 

OP-63/64 

750 

1000 

1500 

Input  Bias 
Current 

lo 

vCm  =  ov 

300 

400 

500 

nA 

Input  Offset 
Current 

los 

VCM  =  0V 

100 

150 

200 

nA 

Large-Signal 

RL  >  2kll 

OP-62 

350 

300 

200 

V/mV 

Voltage  Gain 

Avo 

Vc  =  +10V 

OP-63/6 

100 

75 

50 

Common-Mode 
Rejection 

CMR 

VCM  =  ±11V 

110 

110 

100 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±8Vto±18V 

OP-62 
OP-63/64 

5.6 
10 

5.6 
10 

10 

17.8 

,iV/V 

Input  Voltage 
Range 

IVR 

(Note  1) 

113.5 

±13.5 

±13.5 

V 

Output  Voltage 
Swing 

Vo 

RL  =  6001! 

±12 

±12 

V 

Input  Noise 
Voltage  Density 

<»n 

tc  =  1kHz 

OP-62 
OP-63/64 

2.5 
7 

2.5 
7 

2.5 
7 

nV/\/HT 

Gain  Bandwidth 

GBW 

*VCL  =  +' 
Avcl  =  +5 

OP-62/63 
OP-64 

50 
200 

50 
200 

50 
200 

MHZ 

*VCL  =  +' 

OP-62 

15 

15 

15 

Slew  Rate 

SR 

Avcl  =  +' 

OP-63 

50 

50 

50 

V/pS 

AVCL  =  +5 

OP-64 

200 

200 

200 

Supply  Current 

Isv 

No  Load 

7 

7 

7 

mA 

NOTE: 

1.  Guaranteed  by  CMR  test. 
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Precision  lYWmolithics  Inc. 


VERY  HIGH-SPEED,  VERY  HIGH-BANDWIDTH 
OPERATIONAL  AMPLIFIER 


ADVANCE  PRODUCT  INFORMATION 


FEATURES 

•  May  High  Slew  Rate   200V/usTyp 

•  Very  High  Bandwidth   150MHz  Typ 

•  High  Output  Drive   ±50mAMIn 

•  Low  Offset  voltage  2mV  Max 

•  High  Gain   100,000  MIn 

•  Low  Power  Consumption   250mWMax 

•  Unity-Gain  Stable 

•  Standard  8-Pin  Packages 

ORDERING  INFORMATION! 


TA  =  iS*C 

Vos  MAX   

(mV)  TO-99 


PACKAGE 


CERDtP  PLASTIC 


ICC 


OPERATING 
.  TEMPERATURE 
RANGE 


OP6SEJ 
OP65AT 
OP65FJ 


OP65EZ 
OP65AZ' 
OP65FZ 


OP65ARC/883 


OP6SGP 
OPSSGStt 


XIND 
MIL 
XIND 
XIND 
XIND 


'  For  devices  processed  in  total  compliance  to  MIL-STD-683,  add  /883  after 

part  number.  Consult  factory  lor  883  data  sheet, 
t  Bum-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip.  plastic  dip  and  TO-can  packages.  For  ordering  information  see  1968 

Data  Book.  Section  2. 
ft  For  availability  and  bum-in  information  on  SO  and  PLCC  packages,  contact 

your  local  sales  office. 

GENERAL  DESCRIPTION 

PMI's  OP-65  features  a  gain-bandwidth  of  over  1S0MHz,  a  slew 
rate  of  200V/us  and  a  full-power  bandwidth  of  9MHz  for  a  7Vp.p 
sine  wave.  The  OP-65  has  an  input  offset  voltage  under  2mV 
with  an  open-loop  gain  over  100,000  into  a  500fl  load,  insuring 


high  gain  accuracy.  Power  consumption  of  the  OP-65  is  under 
250mW. 

The  unity-gain  stability  of  the  OP-65  makes  it  an  ideal  choice  for 
video  and  pulse  amplifier  applications  requiring  low  closed- 
loop  gains.  Other  applications  for  the  OP-65  include  high- 
speed data  acquisition  systems,  extremely  fast  sample-and- 
hold  circuits,  high  frequency  oscillators,  and  wideband  ampli- 


PIN  CONNECTIONS 


V0SNUU.|T    •  J]V0SNI 

V-  [±_  T]n.c 


EPOXY  MINI-DIP 
(P-Sufflx) 

8-PIN  CERDIP 
(Z-Suffix) 

8-PIN  SO 
(S-Suffix) 


Vqs  NULL 


N.C.  3 

-IN  ~£\ 

N.C  T\ 

•  IM  T] 


LiJUJLiJL^JliL ' 


Q<  N.C. 

QZ  v. 

\n_  OUT 
T]  QT  N.C. 


OP-65ARC/883 
20-CONTACT  LCC 
(RC-Sufflx) 


LL, 


2 
O 

M 

PL, 

o 


SIMPLIFIED  SCHEMATIC 


This  advance  product  Information  describes  a  product  In  development  at  the  time  of  this  printing.  Final  specifications  may  vary.  Please  contact 
local  sales  olllce  or  distributor  for  final  data  sheet. 
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OP-65  VERY  HIGH-SPEED,  VERY  HIGH-BANDWIDTH  OPERATIONAL  AMPLIFIER  -  ADVANCE  INFORMATION 


tiers.  The  OP-65  conforms  to  the  standard  OP-07  pinout  with 
nulling  to  V+and  is  available  in  the  space-saving  8-pin  package. 
The  footprint  of  the  OP-65  matches  the  HA-2541.  The  OP-65 
can  upgrade  the  HA-2541  in  reduced  supply  applications. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage   ±7V 

Internal  Power  Dissipation  (Note  1) 

P,  RC,  S.  Z  Packages   500mW 

Differential  Input  Voltage   ±5V 

Input  Voltage   Supply  Voltage 

Storage  Temperature  Range 

P.  RC.  S,  Z  Packages   -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)   300°C 


DICE  Junction  Temperature  (T()  -65°C  to  +150<>C 

Operating  Temperature  Range 

OP-65A  -55°C  to  +125°C 

OP-65E.  OP-65F,  OP-65G   -A0°C  to  +85°C 

NOTES: 


1.  See  table  for  maximum  ambient  temperature  and  derating  factor. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

TO-99  (J) 

80°C 

7.1mW/'C 

8-Pin  Cerdip  (Z) 

75°C 

6.7mW/°C 

20-Contact  LCC  (RC) 

72-C 

7.8mW/°C 

2.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±5V,  TA  =  +25°C.  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-65E 

TYP 

MAX 

OP-65A/F 

wr  UJH/  ■  . 

MIN      TYP  MAX 

MIN 

OP-65G 
TYP 

MAX 

UNITS 

Input  Ollset 
Voltage 

Vos 

2 

-         —  3 

4 

mv 

Input  Bias 
Current 

lB 

2.5 

—          —  4 

5 

«A 

Input  Ollset 
Current 

los 

VCH=0V 

2 

-         -  3 

4 

(■A 

Large-Signal 
Voltage  Gain 

A„3 

V0=±3.5V 
RL>  5O0II 

100 

35          —  — 

25 

V/mV 

Common-Mode 
Rejection 

CMR 

Vcu=±«V 

8S 

85          -  - 

SO 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=+4.5Vto±6V 

32 

-          -  56 

56 

(iV/V 

Input  Voltage 
Range 

IVR 

(Note  1) 

+2.5 

±2.5          —  - 

+2.5 

V 

Output  Voltage 
Swing 

v0 

RL  =60011 

±3.5 

±3.5          -  - 

+3.5 

V 

Output  Current 

'o 

±50 

±50          —  - 

±50 

mA 

Gain  Bandwidth 

GBW 

Av  =  +10 

150 

-        150  — 

150 

MHz 

Slew  Rate 

SR 

Au=+1 

200 

-        200  - 

200 

V/,is 

Supply  Current 

lSY 

No  Load 

25 

-          -  25 

25 

mA 

NOTES: 

1.  Guaranteed  by  CMR  test. 
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OP-77 

NEXT  GENERATION  OP-07 
(ULTRA-LOW  OFFSET  VOLTAGE  OPERATIONAL  AMPLIFIER) 


Precision  Mono  1  ith ics  Inc. 


FEATURES 

•  Outstanding  Gain  Linearity 

•  Ultra  High  Gain  SOOOV/mV  Min 

•  Low  Vos  Over  Temperature  60/iVMax 

•  Excellent  TCV0S  0.3fiV/°C  Max 

•  High  PSRR  S^V/VMax 

•  High  CMRR  1.0/iV/VMax 

•  Low  Power  Consumption  60mW  Max 

•  Fits  OP-07, 725, 108A/308A,  741  Sockets 

ORDERING  INFORMATION 

PACKAGE  OPERATING 
TEMPERATURE 
RANGE 


TO-99       CEROIP  PLASTIC 


ICC 


OP77W 
OP77EJ 


OP77BJ" 
OP77FJ 


OP77AZ.V        -  -  MIL 

OP77EZ  -  -  INO 

—  OP77EP  —  COM 

OP77BZ"  -        OP77BRC/883  MIL 

OP77FZ  -  -  IND 

—  —  OP77FP  —  COM 

—  —  OP77GP  —  COM 

—  —  OP77GStt  -  COM  

'  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  alter 
part  number.  Consult  lactory  lor  683  data  sheet. 

tBurn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdlp,  plastic  dip.  and  TO-can  packages.  For  ordering  inlormation,  see  1986 
Data  Book.  Section  2. 

ft  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 
contact  your  local  sales  ollice. 


GENERAL  DESCRIPTION 

The  OP-77  significantly  advances  the  state-of-the-art  in 
precision  op  amps.  The  OP-77's  outstanding  gain  of 
10,000,000  or  more  is  maintained  over  the  full  ±10V  output 
range.  This  exceptional  gain-linearity  eliminates  incorrect- 
able  system  nonlinearities  common  in  previous  monolithic 
op  amps,  and  provides  superior  performance  in  high  closed- 
loop-gain  applications. 


Low  initial  Vos  drift  and  rapid  stabilization  time,  combined 
with  only  50mW  power  consumption,  are  significant  improve- 
ments over  previous  designs.  These  characteristics,  plus  the 
exceptional  TCVos  of  0.3uV/°C  maximum  and  the  low  Vos  of 
25/iV  maximum,  eliminates  the  need  for  V0s  adjustment  and 
increases  system  accuracy  over  temperature. 

PSRR  of  3/iV/V  (110dB)  and  CMRR  of  1.0uV/V  maximum 
virtually  eliminate  errors  caused  by  power  supply  drifts  and 
common-mode  signals.  This  combination  of  outstanding 
characteristics  makes  the  OP-77  ideally  suited  for  high- 
resolution  instrumentation  and  other  tight  error  budget 
systems. 


PIN  CONNECTIONS 


Vos  TRI»l(T 
-IN  (7 

♦inll 

v-E 


7)  Vos  TRIM 

IT]v» 
"Hour 
T)n.c. 


VOS  TRIM 


EPOXY  MINI-DIP  (P-Suflix) 
8-PIN  HERMETIC  DIP 
(Z-Sullix) 

8-PIN  SO 
(S-Suffix) 

jjjjn 

<L UJ  Ld  LJbd  HS 

MC  7|  fjj  HC 

-IN  7]  Q7  v* 

KC  7]  [m  HC 

♦IN  7]  [n  OUT 

nc  7|  [u  dc 


TO-99  (J-Sulfix) 


OP-77BRC/883 
LCC 
(RC-Suffix) 


3 

U4 


-J 


Z 

o 

ui 
Pk 

O 


SIMPLIFIED  SCHEMATIC 


6 


•NOTE: 

AZA  AND  A28  ARE 
ELECTRONICALLY 
ADJUSTED  ON  CHIP 
AT  FACTORY. 
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OP-77  NEXT  GENERATION  OP-07 


This  product  is  available  in  five  standard  grades  and  four 
standard  packages:  the  TO-99  can,  the  8-pin  mini-dip  in 
ceramic  or  epoxy,  and  the  20-pin  LCC. 

The  OP-77  is  a  direct  or  upgrade  replacement  for  the  OP-07, 
05,  725,  or  108A  op  amps.  741-types  can  be  replaced  by 
eliminating  the  V0s  adjust  pot. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage  ±22V 

Internal  Power  Dissipation  (Note  1)   500mW 

Differential  Input  Voltage  +30V 

Input  Voltage  (Note  3)  ±22V 

Output  Short-Circuit  Duration  Indefinite 

Storage  Temperature  Range 

J,  Z,  and  RC  Packages  -65°  C  to  +150°  C 

P  Package  -65°  C  to  +125°  C 

Operating  Temperature  Range 
OP-77A,  OP-77B  (J,  Z,  RC)   -55°C  to  +  125°C 


OP-77E,  OP-77F  (J,  Z)  -25°C  to  +85°C 

OP-77E.  OP-77F.  OP-77G  (P  or  S)  0°C  to  70°C 

Lead  Temperature  Range  (Soldering,  60  sec)  300°  C 

DICE  Junction  Temperature  (Tj)   -65°  C  to  +  150°C 

NOTES: 

1.  See  tabte  (or  maximum  ambient  temperature  rating  and  derating  factor. 

MAXIMUM  AMBIENT        DERATE  ABOVE 
TEMPERATURE        MAXIMUM  AMBIENT 
PACKAGE  TYPE  FOR  RATING  TEMPERATURE  ' 

TO-99  (J)  60'C  7.1mW/"C 

8-Pin  Hermetic  DIP  (Z)  75'C  BTmW/'C 

8-Pin  Plastic  DIP  (P)  36'C  S.6mW/°C 

 LL  

LCC  S0»C  7.8mVWC 

2.  Absolute  maximum  ratings  apply  to  both  packaged  partsand  DICE,  unless 
otherwise  noted. 

3.  For  supply  voltages  less  than  ±22V,  theabsolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25°C,  unless  otherwise  noted. 


OP-77A  OP-77B 
PARAMETER  SYMBOL        CONDITIONS  MIN      TYP     MAX  MIN      TYP     MAX  UNITS 


Input  Ollset  Voltage  Vqs  -        10       25  —       20       60  pV 


Long-Term  Input  Offset 
Voltage  Stability 

•iV0$/Time 

(Note  1) 

0.2 

0.2 

liV/Mo 

Input  Offset  Current 

'os 

0.3 

1.5 

0.3 

2.8 

nA 

Input  Bias  Current 

Ib 

-0.2 

1.2 

2.0 

-0.2 

1.2 

2.8 

nA 

Input  Noise  Voltage 

enp-p 

0.1Hz  to  10Hz  (Note  2) 

0.35 

06 

0.35 

0.6 

Input  Noise  Voltage  Density 

e„ 

l0  =  10Hz  (Note  2) 
fQ  =  100Hz  (Note  2) 
l0  =  1000Hz  (Note  2) 

10.3 
10.0 
9.6 

18.0 
13.0 
11.0 

10.3 
10.0 
9.6 

18.0 
13.0 
11.0 

nV/vTnT 

Input  Noise  Current 

'np-P 

0.1Hz  to  10Hz  (Note  2) 

14 

30 

14 

30 

pAp_p 

Input  Noise  Current  Density 

'n 

f0  =  10Hz  (Note  2| 
f0  =  100Hz  (Note  2) 
fG=  1000Hz  (Note  2) 

0.32 
0.14 
0.12 

0.80 
0.23 
0.17 

0.32 
0.14 
0.12 

0.60' 
0.23 
0.17 

pA/v/TiT 

Input  Resistance  — 
Differential-Mode 

(Note  3) 

26 

45 

18.5 

45 

Mil 

Input  Resistance  — 
Common-Mode 

R|NCM 

200 

200 

Gil 

Input  Voltage  Range 

IVR 

±13 

±14 

±13 

±14 

V 

Common-Mode  Rejection  Ratio 

CMRR 

VCU  =  ±13V 

0.1 

1.0 

0.1 

1.6 

(iV/V 

Power  Supply  Rejection  Ratio 

PSRR 

Vs  =  ±3Vto±1BV 

0.7 

3 

0.7 

3 

pV/V 

Large-Signal  Voltage  Gain 

*vo 

RL>2kIl,.Vo=±10V 

5000 

12000 

2000 

8000 

V/mV 

RL  >  tOkll 

+  13.5 

±14.0 

±13.5 

±14.0 

Output  Voltage  Swing 

Vo 

RL>2kll 

±12.5 

±13.0 

±12.5 

±13.0 

V 

RL  >  Ikll 

±12.0 

±12.5 

±12.0 

±12.5 

Slew  Rate 

SR 

RL>2kll  (Note  2) 

0.1 

0.3 

0.1 

0.3 

V/flS 

Closed-Loop  Bandwidth 

BW 

Avcl=+'  (Note  2) 

0.4 

0.6 

0.4 

0.6 

MHz 

Open-Loop  Output  Resistance 

Ro 

60 

60 

11 

Power  Consumption 

VS  =  ±15V.  No  Load 
Vs  =  ±3V,  No  Load 

50 
3.5 

60 
4.5 

50 
3.5 

60 
4.5 

mW 

Olfset  Adjustment  Range 

Rp=20k(l 

±3 

±3 

mV 

NOTES: 

1.  Long-TermlnputOlfsetVoltageStabtlityreferstotheaveragedtrendlineof         2.  Sample  tested. 

Vos  vs.  Time  over  extended  periods  alter  the  first  30  days  of  operation.  3.  Guaranteed  by  design. 

Excluding  the  initial  hour  of  operation,  changes  in  Vos  during  the  first  30 
operating  days  are  typically  2.5pV. 
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OP-77  NEXT  GENERATION  OP-07 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  -55"  C  <  TA  <  + 125°  C.  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-77A 

TVP 

MAX 

MIN 

OP-77B 
TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

— 

25 

60 

— 

45 

120 

fV 

Average  Input  Offset 
Voltage  Drift 

TCV0S 

(Note  i) 

0.1 

0.3 

0.2 

0.6 

lMf°C 

Input  Offset  Current 

los 

- 

0.5 

2.2 

- 

0.5 

4.5 

nA 

Average  Input  Offset  Current 
Drill 

TCIos 

(Note  2) 

1.5 

25 

1.5 

50 

pA/°C 

Input  Bias  Current 

'b 

-0,2 

2.4 

4 

-0.2 

2.4 

6 

nA 

Average  Input  Bias  Current 
Drift 

TCI„ 

(Note  2) 

- 

8 

25 

- 

15 

35 

pA/°C 

Input  Voltage  Range 

IVR 

±13 

±13.5 

±13 

±13.5 

V 

Common-Mode  Rejection  Ratio 

CMRR 

VCM  =  ±13V 

0.1 

1.0 

0.1 

3 

iivrv 

Power  Supply  Rejection  Ratio 

PSRR 

vs=±3vto±iev 

1 

3 

1 

5 

|iV/V 

Large-Signal  voltage  Gain 

Avo 

RL>2kll,Vo  =  ±10V 

2000 

6000 

1000 

4000 

V/mV 

Output  Voltage  Swing 

Vo 

RL2  2ktI 

±12 

±13.0 

±12 

±13.0 

V 

Power  Consumption 

Pd 

VS=±15V.  No  Load 

60 

75 

60 

75 

mW 

NOTES: 

1.  OP-77A:TCVos  is  100*  tested. 

2.  Guaranteed  by  end-point  limits. 


2 


Oh 


TYPICAL  OFFSET  VOLTAGE  TEST  CIRCUIT 


TYPICAL  LOW-FREQUENCY  NOISE  TEST  CIRCUIT 


INPUT  REFERRED  NOISE  -^§55 


3.3kH 

_vw- 


— ' —  I 


OUTPUT 


:4.7,iF 

MOHi  FILTER] 


.-I 

I 

O 

PJ 
Oh 

O 


OPTIONAL  OFFSET  NULLING  CIRCUIT 


BURN-IN  CIRCUIT 
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OP-77  NEXT  GENERATION  OP-07 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA=  25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-77E 

TYP 

MAX 

MIN 

OP-77F 

TYP  MAX 

MIN 

OP-77G 

TYP  MAX 

UNITS 

Input  Offset  Voltage 

Vos 

- 

10 

25 

- 

20 

60 

— 

50 

100 

fV 

Long-Term  Vos 
Stability 

Vos/Time 

(Note  1) 

0.3 

0.4 

0.4 

mV/Mo 

Input  Offset  Current 

I  OS 

- 

0.3 

1.5 

- 

0.3 

2.8 

— 

0.3 

2.8 

nA 

Input  Bias  Current 

lB 

-0.2 

1.2 

2.0 

-0.2 

1.2 

2.8 

-0.2 

1.2 

2.8 

nA 

Input  Noise  Voltage 

enp-p 

0.1Hz  to  10Hz 
(Note  2) 

0.35 

0.6 

0.38 

0.65 

0.38 

0.65 

Input  Noise 
Voltage  Density 

e„ 

l0=  10Hz 

l0  =  100H2  (Note  2) 
l0=  1000Hz 

- 

10.3 
10.0 
9.6 

18.0 
13.0 
11.0 

- 

10.5 
10.2 
9.8 

20.0 
13.5 
11.5 

- 

10.5 
10.2 
9.8 

20.0 
13.5 
11.5 

nV/\/Hz 

Input  Noise  Current 

'"(>-P 

0.1Hz  to  10Hz 
(Note  2) 

14 

30 

15 

35 

15 

35 

nA 

Input  Noise 
Current  Density 

>n 

f0  =  10Hz 

l0=  100Hz  (Note  2) 
(q  =  1000Hz 

- 

0.32 
0.14 
0.12 

0.60 
0.23 
0.17 

- 

0.35 
0.15 
0.13 

0.90 
0.27 
0.18 

- 

0.35 
0.15 
0.13 

0.9O 
0.27 
0.18 

pA/\/Hz 

Input  Resistance  — 
Uitiereniiai-Mooe 

RIN 

(Note  3) 

26 

45 

18.5 

45 

18.5 

45 

Mn 

Input  Resistance  — 
Common-Mode 

RINCM 

200 

200 

- 

200 

- 

GO 

Input  Voltage  Range 

IVR 

±13 

±14 

±13 

±14 

- 

±13 

±14 

- 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

W  —  4-  I'M/ 

0.1 

1.0 

0.1 

1.6 

0.1 

1.6 

mV/V 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±3Vto±18V 

- 

0.7 

3.0 

- 

0.7 

3.0 

- 

0.7 

3.0 

pV/V 

Large-Signal 
Voltage  Gain 

Aw> 

RL>2M1. 
Vo=±10V 

5000 

12000 

- 

2000 

6000 

- 

2000 

6000 

- 

V/mV 

Output  voltage 
Swing 

Vo 

RL>  10kll 
RL  >  2k() 
RL  £  1kfl 

±13.5 
±12.5 
±  12.0 

±14.0 
±13.0 
±12.5 

- 

±13.5 
±12.5 

±14.0 
±13.0 
±12.5 

— 

±13.5 
±12.5 
±12.0 

±14.0 
±13.0 
±12.5 

— 

V 

Slew  Rate 

SR 

RL>2kIl  (Note  2) 

0.1 

0.3 

- 

0.1 

0.3 

0.1 

0.3 

v/«s 

Closed-Loop 
Bandwidth 

BW 

AUCL  =  +1 
(Note  2) 

0.4 

06 

0.4 

0.6 

0.4 

0.6 

MHz 

Open-Loop  Output 
Resistance 

"o 

60 

60 

60 

n 

Power  Consumption 

Pd 

VS  =  ±15V.  No  Load 
VS  =  ±3V,  No  Load 

50 
3.5 

60 
4.5 

50 

3.5 

60 
4.5 

50 

3.5 

60 
4.5 

mW 

Ollset  Adjustment 
Range 

Rp=20kn 

±3 

±3 

±3 

mV 

NOTES: 

1.  Long-Term  Input  Offset  Voltage  Stability  refers  to  the  averaged  trend  line 
of  Vos  vs. Time  over  extended  periods  after  the  first  30  days  of  operation. 
Excluding  the  initial  hour  of  operation,  changes  in  Vosdurlng  the  first  30 
operating  days  are  typically  2.5 pV. 

2.  Sample  tested. 

3.  Guaranteed  by  design. 
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OP-77  NEXT  GENERATION  OP-07 


ELECTRICAL  CHARACTERISTICS  at  Vs= ±  15V,  -25°  C  < TA<  +85° C  for  OP-77E/FJ  and  OP-77E/FZ,  0°C  <,  TA<  +70°C  for 
OP-77E/F/GFyGS,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-77E 

TYP 

MAX 

MIN 

OP-77F 

TYP  MAX 

MIN 

OP-77G 
TYP  MAX 

UNITS 

Input  Olfset  Voltage 

Vos 

J.  Z  Packages 
P  Package 

— 

10 
10 

45 
55 

— 

20 
20 

100 

too 

— 

- 
80 

- 
150 

«v 

Average  Input  Olfset 
Voltage  Drift 

TCV0S 

J, Z Packages  ,.,  ,  „ 
=  o-  ■.  (Notel) 
P  Package 

- 

0.1 
0.3 

0.3 
0.6 

- 

0.2 
0.4 

0.6 
1.0 

- 

0.7 

1.2 

(iWC 

Input  Offset  Current 

'os 

- 

0.5 

2.2 

- 

0.5 

4.5 

— 

0.5 

4.5 

nA 

Average  Input  Offset 
Current  Drift 

TCI0S 

(Note  2) 

1.5 

40 

- 

1.5 

65 

- 

1.5 

85 

pA/'C 

Input  Bias  Current 

>B 

-02 

2.4 

4.0 

-0.2 

2.4 

6.0 

-0.2 

2.4 

6.0 

nA 

Average  Input  Bias 
Current  Drift 

TCIb 

(Note  2) 

8 

40 

15 

60 

15 

60 

pA/°C 

Input  Voltage  Range 

IVR 

±13.0 

±13.5 

±13.0 

±13.5 

±13.0 

±13.5 

\.  V 

Common>Mode 
Rejection  Ratio 

CMRR 

VCM    - wv 

0.1 

1.0 

0.1 

3.0 

0.1 

3.0 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±3Vto±18V 

1.0 

3.0 

1.0 

5.0 

1.0 

5.0 

Large-Signal 
Voltage  Gain 

Avo 

RL£2kfi 
Vo  =  ±10V 

2000 

6000 

1000 

4000 

1000 

4000 

V/mV 

Output  Voltage 
Swing 

v0 

RL2  2kfl 

±12 

±13.0 

±12 

±13.0 

±12 

±13.0 

V 

Power  Consumption 

Pd 

VS  =  ±1SV.  No  Load 

60 

75 

60 

75 

60 

75 

mW 

NOTES: 

1.  OP-77E:  TCvqs  is  100%  tested  on  J  and  Z  packages. 

2.  Guaranteed  by  end-point  limits. 


OPEN-LOOP  GAIN  LINEARITY 


iomi 


Vy 

V* 

'-10V 

OV 

Avo  -  BSOV/mV 


NOTES: 

1.  GAIN  NOT  CONSTANT  CAUSES  NONLINEAR  ERRORS. 


I  Ayn  SPEC  IS  ONLY  PART  OF  THE  SOLUTION. 
).  CHECK  YOUR  OP  AMP  PERFORMANCE.  ESPECIALLY  AT  TEMPERATURES. 


OP-77 

I -10V 

Av0»  lO.OOOWmV 
flL  -  2kfl 

ov                   1 .iov  5« 

3 


i 

o 

t—l 

o 


Actual  open-loop  voltage  gain  can  vary  greatly  at  various 
output  voltages.  All  automated  testers  use  end-point  testing 
and  therefore  only  show  the  average  gain.  This  causes  errors 
in  high  closed-loop  gain  circuits.  Since  this  is  so  difficult  for 
manufacturers  to  test,  you  should  make  your  own  evaluation. 
This  simple  test  circuit  makes  it  easy.  An  ideal  op  amp  would 
show  a  horizontal  scope  trace. 


This  is  the  output  gain  linearity  trace  for  the  new  OP-77.  The 
output  trace  is  virtually  horizontal  at  all  points,  assuring 
extremely  high  gain  accuracy.  The  average  open-loop  gain  is 
truly  impressive  —  approximately  10,000,000. 
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WAFER  TEST  LIMITS  at  Vs  =  ±15V,  TA  =  25° C  for  OP-77N/G  devices. 


OP-77N 

OP-77G 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

UNITS 

Input  Olfset  Voltage 

Vos 

40 

75 

*lV  MAX 

Input  Offset  Current 

I  OS 

2.0 

28 

nA  MAX 

Input  Bias  Current 

'e 

±2 

±2.8 

nA  MAX 

Input  Resistance 
Differential-Mode 

RIN 

(Note  1) 

26 

17 

Mil  MIN 

Input  Voltage  Range 

IVR 

±13 

±13 

V  MIN 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±"V 

1 

1.6 

jAf/V  MAX 

Power  Supply 
Rejection  Ratio 

PSRR 

VS=±3V  to  ±  18V 

3 

3 

nV/V  MAX 

RL  =  10HI1 

±13.5 

±13.5 

Output  Voltage  Swing 

RL  =  2kii 
RL=  1  kll 

±12.5 
±12.0 

±12.5 
±12.0 

V  MIN 

Large-Signal 
Voltage  Gain 

Avo 

RL  =  2k|] 
Vo=±10V 

2000 

1000 

V/mV  MIN 

Differential  Input 
Voltage 

:30 

±30 

V  MAX 

Power  Consumption 

v0UT  =  ov 

60 

60 

mW  MAX 

NOTES: 

1.   Guaranteed  by  design. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  (or  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  VS  =  ±15V,  TA  =  +25t>C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-77N 

TYPICAL 

OP-77G 

TYPICAL 

UNITS 

Average  Input  Offset 
Voltage  Drift 

TCV0S 

Rs  =  5011 

0.1 

0.2 

liV/°C 

Nulled  Input  Offset 
Voltage  Drift 

TCV0Sn 

Rs  =  5011.  Rp  =  20kfl 

0.1 

0.2 

liV/°C 

Average  Input  Olfset 
Current  Drift 

TCIOS 

0.5 

05 

pA/°C 

Slew  Rato 

sn 

RL£2kll 

0.3 

0.3 

V/,.5 

Closed-Loop 
Bandwidth 

BW 

AVCL  =  +1 

06 

0.6 

MHz 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


PSRR vs FREQUENCY 


- r 

ran 

5*C 

1 

3  2 
3 


INPUT  BIAS  CURRENT 
vs TEMPERATURE 


vs- 

115V 

INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


itsv 

FREOUEKCY  (Hil 


TEMPERATURE  CO 


TEMPERATURE  CO 


INPUT  WIDEBAND  NOISE  vs 
BANDWIDTH  (0.1Hz  TO 
FREQUENCY  INDICATED) 


TOTAL  INPUT  NOISE 
VOLTAGE  vs  FREQUENCY 


MAXIMUM  OUTPUT  SWING 
vs  FREQUENCY 


BANDWIDTH  (Hi) 


FREQUENCY  (Htl 


100k 
FREQUENCY  IHl) 


POWER  CONSUMPTION  vs 
POWER  SUPPLY 


E 

i  10 

V> 

Z 

8 

a 
S 

2 


I  TA  -  *2S*C  z 

MAXIMUM  OUTPUT 
VOLTAGE  VS  LOAD 
RESISTANCE 


OUTPUT  SHORT-CIRCUIT 
CURRENT  vs  TIME 


1 — 1     1  1 

VS-1|5V 

1 

A"« 

♦'a 

-'sc 

TOTAL  SUPPLY  VOLTAGE,  V+  TO  V-  (VOLTS) 


LOAD  RESISTANCE  TO  GROUND  (ill 


TIME  FROM  OUTPUT  BEING  SHORTED  (MINUTES) 
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APPLICATIONS  INFORMATION 


PRECISION  HIGH-GAIN  DIFFERENTIAL 
AMPLIFIER 


BILATERAL  CURRENT  SOURCE 


The  high  gain,  gain  linearity,  CMRR,  and  low  TCV0sOf 
the  OP-77  make  it  possible  to  obtain  performance  not 
previously  available  in  single  stage  very  high-gain 
amplifier  applications. 

R1  R3 
For  best  CMR,        must  equal  .  In  this  example, 

R2  R4 
with  a  10mV  differential  signal,  the  maximum  errors  are 
as  listed. 


TYPE 

AMOUNT 

COMMON-MODE  VOLTAGE 

0.01  %/v 

GAIN  LINEARITY,  WORST  CASE 

0.02% 

TCVos 

0.003%/°C 

TCIos 

0.008%/°C 

ISOLATING  LARGE  CAPACIT1VE  LOADS 


INPUT  O—VW- 


This  circuit  reduces  maximum  slew-rate  but  allows 
driving  capacitive  loads  of  any  size  without  instability. 
Because  the  10011  resistor  is  inside  the  feedback  loop, 
its  effect  on  output  impedance  is  reduced  to  insig- 
nificance by  the  high  open-loop  gain  of  the  OP-77. 


BASIC  CURRENT  SOURCE 


vINO  WV- 


-'niiT<!5mA 


100mA  CURRENT  SOURCE 


-  'chit  <  IMmA 


'OUT  -  V|N  j 


1  R1  -  R5 
GIVEN  R3-R4  +  R5.  R1  -  R2 


These  current  sources  will  supply  both  positive  and 
negative  current  into  a  grounded  load. 


Note  thatZ0  = 


R5 


R5  +  R4  _ 

R1 


R2 


and  that  for  Z0  to  be  infinite, 

R5  +  R4       .  R3 

  must  =  . 

R2  R1 


3 


< 

I 

o 

5 

a, 
O 
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PRECISION  CURRENT  SINKS 


HIGH  STABILITY  VOLTAGE  REFERENCE 


POSITIVE  CURRENT  SINK 


'O"  R1 


FULL  SCALE  OF  IV. 
U-1A/V 


POSITIVE  CURRENT  SOURCE 


V|N°- 


V,N«OV 


These  simple  high  current  sinks  require  that  the  load 
float  between  the  power  supply  and  the  sink. 

In  these  circuits,  OP-77's  high  gain,  high  CMRR,  and 
low  TCVqs  assure  high  accuracy. 


OEo-lOV 


This  simple  bootstrapped  voltage  reference  provides  a 
precise  10  volts  virtually  independent  of  changes  in 
power  supply  voltage,  ambient  temperature,  and  output 
loading.  Correct  zener  operating  current  of  exactly 
2mA  is  maintained  by  R1 ,  a  selected  5ppm/°C  resistor, 
connected  to  the  regulated  output.  Accuracy  Is  primar- 
ily determined  by  three  factors:  the  5ppm/°C  tempera- 
ture coefficient  of  D1 , 1  ppm/°C  ratio  tracking  of  R2  and 
R3,  and  operational  amplifier  Vos  errors. 

Vos  errors,  amplified  by  1.6  ( AVci) .  appear  at  the  output 
and  can  be  significant  with  most  monolithic  amplifiers. 
For  example:  an  ordinary  amplifier  with  TCVos  of 
5/iV/°C  contributes  0.8ppm/,,C  of  output  error  while 
the  OP-77,  with  TCV0S  of  0.3uV/°C,  contributes  but 
0.05ppm/°C  of  output  error,  thus  effectively  eliminating 
TCVqs  as  an  error  consideration. 


PRECISION  ABSOLUTE  VALUE  AMPLIFIER 


VINO 


ovOUT 

0<VOUT<10V 


The  high  gain  and  low  TCVqs  assure  accurate  opera-        the  op  amps.  The  OP-77E  CMRR  of  1pV/V  assures 
tion  with  inputs  from  microvolts  to  volts.  In  this  circuit,        errors  of  less  than  2ppm. 
the  signal  always  appears  as  a  com  mon-mode  signal  to 
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LOW  NOISE  PRECISION  REFERENCE 


T 


"0 


This  circuit  relies  upon  OP-77's  low  TCV0Sand  noise 
combined  with  very  high  CMRR  to  provide  precision 
buffering  of  the  averaged  REF-01  voltage  outputs. 


T 


won 
-WV  


-OvOUI 


PRECISION  POSITIVE  PEAK  DETECTOR 


Ikil 

-vw- 


T=<=H 


7*1 


-Ov0UT 


CHmust  be  of  polystyrene.  Teflon*,  or  polyethylene  to 
minimize  dielectric  absorption  and  leakage.  The  droop 


rate  is  determined  by  the  size  of  Ch  and  the  bias  current 
of  the  OP-41. 


'Teflon  is  a  registered  trademark  of  the  Dupont  Company. 
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PRECISION  THRESHOLD  DETECTOR/ 
AMPLIFIER 


ovout 


When  Vim  <  Vjh.  amplifier  output  swings  negative,  re- 
verse biasing  diode  D1.  VOUT  =  VjH  if  Rl  =  °°  ■ 
When  Vin  2  Vjh.  the  loop  closes, 

Vout  =  VTH  +  (Vin  -  VTH)  (  1  +  -j^-  ) 

Cc  is  selected  to  smooth  the  response  of  the  loop. 


PRECISION  TEMPERATURE  SENSOR 


♦  1SV 

o 

O.ljiF 


RESISTOR  VALUES 

TCVOUT  SLOPE  (S) 

10mV/»C 

VXmV/'C 

10mV/°F 

TEMPERATURE 

-55°Clo 

-55"C  to 

-6TF  to 

RANGE 

+  125-C 

*  125'C 

+257»C 

OUTPUT  VOLTAGE 

-055V  to 

-5.5V  to 

-0.67V  to 

RANGE 

+  1.25V 

+  12.5V 

+  2.57V 

ZERO-SCALE 

0V  @  0°C 

0V@0°C 

0V@O°F 

R,  (±1%  Resistor) 

9.09k  II 

15kll 

7.5kli 

Rb1  (±1%  Resistor) 

1  5kll 

1  82kli 

1.21kil 

Rbp  (Potentiometer) 

20011 

50011 

20011 

Rc  (±1%  Resistor) 

5.11kU 

84.51(11 

8  25kll 
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FEATURES 

•  Ultra-Low  Bias  Current  (25°C)  60fA  Max 

•  High-Temp  Bias  Current  (125°C)  20pA  Max 

•  Low  Supply  Current   300pA  Max 

•  True  Single-Supply  Operation 

—  Common-Mode  Range  Includes  Ground 

—  Output  Swings  to  Within  400pV  oi  Ground 

•  Extended  Industrial  Temp  Range  -40°C  to  +8S°C 


ORDERING  INFORMATION! 


-I 

TO-99 

PACKAGE 

PLASTIC 

OPERATING 
TEMPERATURE 
RANGE 

0.150 

OPaoAj- 

MIL 

0.060 

OP80EJ 

XINO 

0.300 

OP80FJ 

XINO 

2.5 

OP80GJ 

OP80GP 

XINO 

2.5 

OP80GSH 

XIND 

OP-80 

ULTRA-LOW  BIAS  CURRENT 
OPERATIONAL  AMPLIFIER 

PRELIMINARY 

125°C.  the  OP-80  typically  has  a  bias  current  of  only  10pA. 
During  room-temperature  operation,  the  OP-SO's  bias  current 
is  equivalent  to  a  mere  125  electrons  per  millisecond,  only  20f  A 
typical.  The  OP-80  is  capable  of  operation  with  either  single  or 
dual  supplies.  Its  low  cost  makes  it  attractive  as  a  general- 
purpose  amplifier  for  low-voltage  systems,  as  well  as  systems 
demanding  the  highest  level  of  precision  in  current-to-voltage 
conversion. 

The  low  supply  current  minimizes  thermal  power  dissipation, 
virtually  eliminating  the  effects  of  chip  self-heating.  System 
power-supply  demand  is  reduced  as  well,  resulting  in  lower 
overall  costs.  The  OP-80's  CMOS  design  gives  a  good 
speed/power  ratio,  permitting  a  0.2V//is  minimum  slew  rate 
and  a  300kHz  gain-bandwidth  product  with  unity-gain  stability. 

PIN  CONNECTIONS 


*  For  devices  processed  in  total  compliance  to  MIL-STD-863,  add  /683  after 
part  number.  Consult  ractory  for  863  data  sheet, 
t  Burn-in  is  available  oncommercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip.  and  TO-can  packages.  For  ordering  information  see  1988 
Data  Book.  Section  2. 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 
your  local  sales  office. 

GENERAL  DESCRIPTION 

The  OP-80  CMOS  operational  amplifier  offers  exceptionally 
low  bias  currents  over  its  entire  operating  temperature  range.  At 


8-PIN  PLASTIC  DIP 
(P-Suffix) 

8-PIN  SO 
(S-Sutfix) 


7  V+(CASE| 


TO-99 
(J-Suffix) 


SIMPLIFIED  SCHEMATIC 


Manufactured  under  U.S.  Patent  Number:  4,675.561. 

This  preliminary  product  information  is  based  on  testing  of  a  limited  number  of  devices.  Final  specifications  may  vary.  Please  contact  local  sales 
office  or  distributor  for  final  data  sheet. 

s-249  9/87,  Rev.  A2 


3 


i 

o 

l-H 

w 

O 


OP-80  ULTRA-LOW  BIAS  CURRENT  OPERATIONAL  AMPLIFIER  —  PRELIMINARY 


With  single  5V  supply  operation,  the  OP-80  has  a  full-power 
bandwidth  of  10kHz. 

Capable  of  driving  reasonable  loads,  the  OP-80  offers  greater 
than  lOOdB  of  gain  into  a  2kO  load.  Its  output  will  source  or  sink 
more  than  16mA  of  current.  In  single  supply  applications,  the 
OP-80's  input  range  and  output  swing  both  include  ground.  No 
pull-down  resistor  is  required  for  the  output  to  actively  swing  to 
ground. 

Applications  for  the  OP-80  include  precision  pH,  conductivity 
and  ion  measurement  systems,  low-level  light  and  infrared 
detectors,  barcode  readers,  and  magnetic  and  electric  field 
detectors.  Its  exceptional  value  makes  it  suitable  for  many 
general-purpose  applications,  especially  those  using  a  single 
5V  supply. 

The  OP-80  conforms  to  the  industry-standard  741  pinout,  with 
the  nulling  potentiometer  between  pins  1  and  5,  and  the  wiper 
toV- 

ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage   ±8V 

Internal  Power  Dissipation  (Note  2)   500mW 


Input  Voltage  (Note  3)   +8V,  -8.2V 

Differential  Input  Voltage  (Note  3)  16V 

Output  Short-Circuit  Duration  (Note  4)    Indefinite 

Operating  Temperature  Range 

OP-80A  (J)   -55°C  to  +  125°C 

OP-80E.  F.  G  (J,  P,  S)  -40°C  to  +85<>C 

Storage  Temperature  Range  -65°C  to  175°C 

Junction  Temperature  Range  -65°C  to  175°C 

Lead  Temperature  (Soldering,  10  sec)   300° C 


NOTES: 

1.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  See  table  for  maximum  ambient  temperature  and  rating. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

PACKAGE 

TEMPERATURE 

MAXIMUM  AMBIENT 

TYPE 

FOR  RATING 

TEMPERATURE 

TO-99(J) 

80°C 

7.1mW/°C 

8-Pin  Plastic  DIP  (P) 

62°C 

5.6mW/°C 

3.  For  supply  voltages  less  than  ±8V,  the  absolute  maximum  input  voltage  is 
equal  to  (V+ )  and  (V-  -0.2V) 

4.  The  output  may  be  shorted  to  ground  indefinitely,  but  current  must  be 
externally  limited  to  25mA  if  the  output  is  shorted  to  V+. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  +5V.  VCM  =  0V,  TA  =  25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-80E 

TYP  MAX 

MIN 

OP-80F 

TYP  MAX 

MIN 

OP-80G 

TYP  MAX 

UNITS 

Input  Ollset 
Voltage 

Vos 

0.4 

1 

0.6 

2 

0.6 

2 

mV 

Input  Offset 
Current 

'OS 

10 

20 

50 

IA 

Input  Bias 
Current 

'b 

20 

60 

40 

300 

200  2500 

(A 

Input  Voltage 
Range 

IVR 

Lower  Limit 
Upper  Limit 

(V-  -0.2V) 
<V+  -1.3V) 

(V-  -0.2V) 
(V+-1.3V) 

(V-  -0.2V) 
(V+-1.3V) 

V 

Common-Mode 
Rejection 

CMR 

VCM=-5V.3.7V 

60 

75 

60 

75 

60 

75 

dB 

Power-Supply 
Rejection 

PSR 

Vs  =  12.25V 
to+BV 

60 

75 

60 

75 

60 

75 

dB 

Large- Signal 
Voltage  Gain 

Av0 

V0=  -4.5VIO+3.5V 
Rt  =  10kl) 
RL=  2kll 

100 
60 

400 
350 

80 
75 

350 
300 

80 
75 

350 
300 

V/mV 

Vs  =  0V.  *5V: 
RL"  lOkll 

+3.7 
+  0  0O04 

+4.0 

+3.7 
+0.0004 

+4.0 

+3.7 
+  0.0004 

+4.0 

Output  Voltage 
Swing 

Vo 

Vs  =  ±5V 
RL=  10k(l 

+3.7 
-4.8 

+3.9 
-4.9 

+3.7 
-4.8 

+3.9 
-4.9 

+3.7 
-4.8 

+3.9 
-4.9 

V 

VS=±5V 
RL  =  2kll 

+3.4 
-4.7 

+3.6 
-48 

+3.4 
-47 

+3.6 
-4.8 

+3.4 
-4.7 

+3.6 
-4.8 

Supply  Current 

1st 

No  Load 

170 

300 

170 

300 

170 

300 

(iA 

Input  Noise 
Voltage  Density 

e„ 

l0=  lOOOHz 

70 

70 

70 

Output  Current 

'out 

Source 
Sink 

25 
15 

40 
22 

25 
15 

40 
22 

25 
15 

40 
22 

mA 

Slew  Rate 

SR 

Av=  +1 

0.2 

0.4 

02 

0.4 

0.2 

0.4 

V/|*S 

Gain-Bandwidth 
Product 

GBW 

l0=  10kHz 

100 

300 

100 

300 

100 

300 

kHz 

Input  Resistance 

Common-Mode 
Dillerential 

1016 

to13 

10'6 
lO" 

10'6 
10" 

II 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±5V,  VCM  =  OV,  TA  =  25°C  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-80A 

TYP 

MAX 

UNITS 

Input  Offset 
Voflage 

Vos 

- 

0.4 

1 

mV 

Input  Offset 
Current 

'OS 

- 

20 

- 

IA 

Input  Bias 
Current 

>e 

- 

30 

150 

IA 

Input  Voltage 
Range 

IVR 

Lower  Limit 
Upper  Limit 

(V-  -0.2V) 
(V+-1.3V) 

V 

Common-Mode 
Rejection 

CMR 

VCM  =  -5V.  3  7v 

60 

75 

dB 

Power-Supply 
Rejection 

PSR 

Vs  =  ±2.25V 
to  +6V 

60 

75 

dB 

Large- Signal 
Voltage  Gain 

Av0 

V0=-4.5V  10+3.5V 
RL=  lOkll 
RL=  2kll 

100 
80 

400 
350 

- 

WmV 

Vs  =  OV.  +5V; 
RL=  10kil 

+  3.7 
+0.0004 

+4.0 

- 

Output  Voltage 
Swing 

vO 

VS=±5V 
RL=  10k(t 

+3.7 
-4.8 

+3.9 
-4.9 

— 

V 

Vs  =  +5V 
RL=  2kll 

+3.4 
-4.7 

+3.6 
-4.8 

- 

Supply  Current 

'sv 

No  Load 

170 

300 

*A 

input  Noise 
Voltage  Density 

»n 

f0  =  1000Hz 

70 

nV/v/H7 

Output  Current 

lOUT 

Source 
Sink 

25 
15 

40 
22 

mA 

Slew  Rate 

SR 

Av=+1 

0.2 

0.4 

V//JS 

Gain-Bandwidth 
Product 

GBW 

f0=  10kHz 

100 

300 

kHz 

Input  Resistance 

Common-Mode 
Differential 

10'6 
10n 

11 

3 

< 

i 

o 

I 

O 
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PMI) 


Precision  Monolithics  Inc. 


OP-90 


PRECISION  LOW-VOLTAGE  MICROPOWER 
OPERATIONAL  AMPLIFIER 


FEATURES 

•  Single/Dual  Supply  Operation  +1.6V  to  +36V 

 ±0.8Vto±18V 

•  True  Single-Supply  Operation;  Input  and  Output  Voltage 
Ranges  Include  Ground 

•  Low  Supply  Current  20/iA  Max 

•  High  Output  Drive  5mA  Min 

•  Low  Input  Offset  Voltage  150pV  Max 

•  High  Open-Loop  Gain   700V/mV  Min 

•  Outstanding  PSRR  5.6*iV/VMax 

•  Standard  741  Pinout  With  Nulling  to  V- 

ORDERING  INFORMATION! 


PACKAGE 

TA=25''C 

HERMETIC 

OPERATING 

V0SMAX 

DIP 

PLASTIC 

TEMPERATURE 

(fV) 

8-PIN 

6-PIN 

RANGE 

150 

OP90A2" 

MIL 

150 

OP90E2 

IND 

250 

OP90FZ 

IND 

450 

OP90GP 

COM 

450 

OP90GStt 

COM 

*  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  after 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  BooK,  Section  2. 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 

contact  your  local  sales  office. 


GENERAL  DESCRIPTION 

The  OP-90  is  a  high  performance  micropower  op  amp  that 
operates  from  a  si  ngle  supply  of  +  1.6V  to  +36V  or  from  dual 
supplies  of  ±0.8  to  ±18V.  Input  voltage  range  includes  the 
negative  rail  allowing  the  OP-90  to  accommodate  input 
signals  down  to  ground  in  single  supply  operation.  The 
OP-90's  output  swing  also  includes  ground  when  operating 
from  a  single  supply,  enabling  "zero-in,  zero-out"  operation. 

The  OP-90  draws  less  than  20/aA  of  quiescent  supply  current, 
while  able  to  deliver  over  5mA  of  output  current  to  a  load. 
Input  offset  voltage  is  below  150/uV  eliminating  the  need  for 
external  nulling.  Gain  exceeds  700,000  and  common-mode 
rejection  is  better  than  100dB.  The  power  supply-rejection 
ratio  of  under  5.6jiV/V  minimizes  offset  voltage  changes 
experienced  in  battery  powered  systems. 

The  low  offset  voltage  and  high  gain  offered  by  the  OP-90 
bring  precision  performance  to  micropower  applications. 
The  minimal  voltage  and  cu  rrent  requirements  of  the  OP-90 
suit  it  for  battery  and  solar  powered  applications,  such  as 
portable  instruments,  remote  sensors,  and  satellites. 

PIN  CONNECTIONS 


8-PIN  HERMETIC  DIP 

VQf  NULL  [T 

TJn.c. 

(Z-Suffix) 

-in|T 
+in[T 
v-fT 

T]v+ 
JJOUT 
JJ  Voi  NULL 

8-PIN  EPOXY  MINI-DIP 
(P-Suffix) 

8-PIN  SO 
(S-Suffix) 

SIMPLIFIED  SCHEMATIC 
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 jpj^j^  OP-90  PRECISION  LOW-VOLTAGE 

ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage  ±18V 

Power  Dissipation  (Note  1)    500mW 

Differential  Input  Voltage  . . . .  [  (V-)  -  20V]  to  [  (V+)  +  20V] 
Common-Mode  Input  Voltage 

 [  (V-)  -  20V]  to  [  (V+)  +  20V] 

Output  Short-Circuit  Duration  Indefinite 

Storage  Temperature  Range 

Z  Package  -65°C  to  +150°C 

P  Package  -65°C  to  +150°C 

Operating  Temperature  Range 

OP-90A   -55°C  to  +125°C 

OP-90E,  OP-90F  -25°Cto+85°C 

OP-90G  0°Cto+70oC 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1.5V  to  ±15V, 


MICROPOWER  OPERATIONAL  AMPLIFIER 


DICE  Junction  Temperature  (T,)  -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)   300°C 

NOTES: 

1.  See  table  (or  maximum  ambient  temperature  rating  and  derating  (actor. 

2.  Absolute  maximum  ratings  apply  to  both  packaged  parts  and  DICE,  unless 
otherwise  noted. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

8-Pin  Plastic  DIP  (P) 

36"  C 

5.6mW/°C 

8- Pin  Hermetic  DIP  (Z) 

75°C 

6.7mW/°C 

TA  =  +25°C,  unless  otherwise  noted. 


OP-90A/E  OP-S0F  OP-90G 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

50 

150 

75 

250 

125 

450 

nV 

Input  Offset  Current 

'OS 

VCM  =  0V 

0.4 

3 

0.4 

5 

0.4 

5 

nA 

Input  Bias  Current 

lB 

VCM  =  0V 

_ 

4.0 

15 

— 

4.0 

20 

— 

4.0 

25 

nA 

Vs=±15V.Vo  =  ±10V 

RL  =  100kl) 

700 

1200 

500 

1000 

400 

800 

RL=  lOkll 

350 

600 

- 

250 

500 

- 

200 

400 

- 

Large  Signal 

AVO 

RL=  2kll 

125 

250 

100 

200 

100 

200 

V/mV 

Voltage  Gain 

V+  =  5V.  V-  =  OV. 
1V<VD<4V 

rl=  iookn 

200 

400 

125 

300 

100 

250 

RL=  10kl! 

100 

160 

- 

75 

140 

- 

70 

140 

- 

Input  Voltage  Range 

IVR 

V+  =  5V.  V-  =  OV 
VS=±15V   (Note  2) 

0/4 
-15/13.5 

- 

- 

0/4 
-15/13.5 

- 

- 

0/4 
-15/13.5 

- 

- 

V 

VS  =  ±15V 

Vo 

RL  =  10kfl 

±14 

±14.2 

±14 

±14.2 

±14 

±14.2 

V 

RL=  2kil 

±11 

112 

±11 

112 

±11 

112 

Output  Voltage  Swing 

V0H 

V+  =  5V.  V-  =  OV 
RL  =  2k(l 

4.0 

4.2 

4.0 

4.2 

4.0 

4.2 

V 

Vol 

V+  =  5V.  V-  =  OV 
RL=  10kll 

100 

500 

100 

500 

100 

500 

«v 

Common  Mode 
Rejection 

CMR 

V+  =  5V.  V-  =  OV. 
0V<VCM<4V 
VS  =  ±15V. 
-15V  <  VCM<  13.5V 

90 
100 

110 
130 

80 
90 

100 
120 

80 
90 

100 
120 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

1.0 

5.6 

1.0 

5.6 

3.2 

10 

dV/V 

Slew  Rate 

SR 

VS=±15V 

5 

12 

5 

12 

5 

12 

V/ms 

Supply  Current 

•sv 

VS  =  ±1.5V 
VS  =  ±15V 

9 
14 

15 
20 

9 
14 

15 
20 

9 
14 

15 
20 

*A 

Capacitive  Load 
Stability 

Av=  »1 

No  Oscillations 
(Note  1) 

250 

650 

250 

650 

250 

650 

pF 

Input  Noise  Voltage 

enp-p 

lo  =  0.1Hz  to  10Hz 
VS=±15V 

3 

3 

3 

"VP-P 

Input  Resistance 
Differential  Mode 

VS=±15V 

30 

30 

30 

Mil 

Input  Resistance 
Common  Mode 


™INCM 


NOTES: 

1.  Guaranteed  but  not  100%  tested. 

2.  Guaranteed  by  CMR  test. 
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OP-90  PRECISION  LOW-VOLTAGE  MICROPOWER  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1.5V  to  ±15V,  -55°C  <  TA<  125°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-90A 
TVP 

MAX 

UNITS 

Input  Offset  Voltage 

v0S 

80 

400 

mV 

Average  Input  Offset 
Voltage  Drift 

TCVos 

0.3 

2.5 

mV/°C 

Input  Offset  Current 

■os 

vcu  =  ov 

- 

1.5 

5 

nA 

Input  Bias  Current 

'b 

VCM  =  OV 

4.0 

20 

nA 

Large  Signal 

Vs=±15V.Vo  =  ±10V 
RL  =  100kil 
RL=  10k<l 
RL=  2kn 

225 
125 
50 

400 
240 
110 

— 
- 

V/mV 

Voltage  Gain 

Av0 

V+  =  5V.  V-  =  OV. 
1V<V0<4V 

RL=  100M1 

rl  =  lOkil 

100 
50 

200 
110 

- 

Input  Voltage  Range 

IVR 

V+  =  5V,  V-  =  OV  ,„  , 
VS=±15V  (N°lel) 

0/3.5 
-15/13.5 

- 

V 

Vr. 

VS=±15V 
rl  =  lokll 
RL=  2kll 

±13.5 
±10.5 

±13.7 
+  11.5 

- 

V 

Output  Voltage  Swing 

V0H 

V+  -  5V.  V-  =  OV 
RL  =  2kll 

3.9 

4.1 

- 

V 

v0L 

V+  =  5V,  V-  =  OV 
RL  =  10k(l 

100 

500 

pV 

Common  Mode  Rejection 

CMR 

V+  =  5V.  V-  =  OV,  OV  <  Vcu  <  3.5V 
Vs  =  ±15V.  -15V  <  VCM  <  13.5V 

85 
95 

105 
115 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

3.2 

10 

)iV/V 

Supply  Current 

'sv 

Vs=  ±1.5V 
VS  =  ±15V 

15 
19 

25 
30 

MA 

NOTE: 

1.  Guaranieed  by  CMR  test. 
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OP-90  PRECISION  LOW-VOLTAGE  MICROPOWER  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1.5V  to  ±15V,  -25°C  <  TA<  85°C  for  OP-90E/F,  O'C  <  TA<  70"C  for  OP-90G, 
unless  otherwise  noted. 


OP-90E 

-  -  : 

OP-90F 

OP-90G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Oflsel  Voltage 

Vos 



•  70 

270 

'   

110 

550 

180 

675 

fV 

Average  Input  Offset 
Voltage  Drill 

TCVos 

0.3 

2 

_■ 

.0.6 

5 

_ 

1.2 

5 

liV/°C 

Input  Offset  Current 

'os 

VCH  =  0V 

0.8 

3 

*" 1 

1.0' 

5 

— 

1.3 

7 

nA 

Input  Bias  Current 

'b 

VCM  =  OV 

4.0 

15 

.'•4.0' 

20 

4.0 

25 

nA 

VS  =  ±15V,  Vo=±10V 

 ~ 

— -y 

.Rt=iookn 

500 

800 

- 

'  350 

700 

- 

3  CO 

600 

- 

RL  =  10kn 

iso 

400 

— 

175 

350 

— 

150 

250 

— 

Large  Signal 

Av0 

RL  =  2kn' 

100 

200 

75 

150 

— 

75 

125 

— 

V/mV 

\ft)ltago  Gain 

V+  =  5V,  V-  =  OV. 
1V<V0<4V 

R(_  —  100kfl 

150 

280 

100 

220 

80 

160 

RL  =  10kfl 

75 

14Q  T  ' 

50 

110 

40 

90 

input  Voltage  Range 

IVR 

V+  =  5V,  V-  =  OV 
VS=±15V  (NoteU 

0/3.5 
-15/13.5 

— 

0/3.5 
-15/13.5 

— 

1  *"0/3.5 
-15/13.5 

— 

V 

VS=±15V 

Vo 

RL=iokn 

±13.5 

±14 

±13.5 

±14 

±13.5 

±14 

V 

Rl_=  2kn 

±10.5 

±11.8 

±10.5 

±11.81' 

±10.5 

±11.8 

Output  Voltage  Swing 

V0H 

V+  =  5V,  V-  =  OV 
RL  =  2kn 

3.9 

4.1 

3.9 

4.1 

3.9 

4.1 

V 

Vol 

V+=SV.V-  =  0V 

„V 

Rl  =  10kfl 

100 

500 

100 

500 

Common  Mode 
Rejection 

CMR 

V+  =  SV.  V-  =  OV, 
0V<VCM<3.5V 
Vs  =  ±15V. 
-15V  <VCM<  13.5V 

SO 
100 

110 
120 

80 

90 

100 
110 

80 
90 

100 
110 

dB 

Power  Supply 
Re/ection  Ratio 

PSRR 

1.0 

5.6 

3.2 

10 

5.6 

17.8 

(iV/V 

Supply  Current 

'sv 

VS=±1.5V 
'  Vs  =  ±15V 

13 
17 

25 
30 

13 
17 

25 
30 

12 
16 

25 
30 

«A 

i-U 

rJL, 


i 

o 

i 

S 


NOTE: 

1.  Guaranteed  by  CMR  test. 
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OP-90  PRECISION  LOW-VOLTAGE  MICROPOWER  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS 


DIE  SIZE  0.0B6  X  0.057  Inch,  5762  iq.  mils 
(2.18  x  1.70mm,  3.71  iq.  mm) 


1.  V0SNULL 

2.  -IN 

3.  +IN 
«.  V- 

5.  V08NULL 

6.  OUT 

7.  V+ 


For  additional  DICE  ordering  Information,  refer 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs  =  ±1.5V  to  ±15V,  TA  =  25°C.  unless  otherwise  noted. 


OP-90GBC 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Input  Offset  Voltage 

v0S 

250 

,iV  MAX 

Input  Offset  Current 

los 

VCM=°V 

5 

nA  MAX 

Input  Bias  Current 

Id 

vCM  =  ov 

20 

nA  MAX 

VS=±15V.  V0=±10V 

RL=  100MI 

500 

V/mV  MIN 

Large  Signal 

Avo 

RL=  10kll 

250 

Voltage  Gain 

V+  =  5V.  V-  =  0V. 
1V<V0<4V 
RL=  100kll 

125 

V/mV  MIN 

Input  Voltage  Range 

IVB 

V+  =  5V.V-=0V  , 

(Note  1) 

0/4 
-15/13.5 

V  MIN 

VS  =  ±15V 

Vo 

RL=:  10kfl 
RL«2kfl 

±14 
±11 

VMIN 

Output  Voltage  Swing 

V0H 

V+  =  5V.  V-  -  0V 
RL  =  2kIl 

4.0 

V  MIN 

Vol 

V+  =  5V.  V-  =  0V 
RL  =  10ktl 

500 

«V  MAX 

Common  Mode  Rejection 

CMR 

V+  =  5V.  V-  »  0V.  0V  <  VCM  <  4V 
V5  =  ±15V.  -15V  <  VCM  <  13.5V 

80 
90 

sfB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

10 

jiV/V  MAX 

Supply  Current 

Isv 

VS  =  ±15V 

20 

MA  MAX 

NOTES: 

1.  Guaranteed  by  CMR  test. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  In  assembly  methods  and  normal  yield  loss,  yield  after  packaging  Is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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OP-90  PRECISION  LOW-VOLTAGE  MICROPOWER  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


100 

>  » 

u 

I-. 

> 
H 
(U 
M 

fe  «o 


INPUT  OFFSET  VOLTAGE 
vs  TEMPERATURE 


— 1 

V 

1 — 1 

-75    -SO    -25      0      25      SO     75     TOO  125 
TEMPERATURE  <*C) 


INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


t 

u 

§  to 
o 

»  U 

o 

5  °-8 


11SV 

-75    -50    -25       0       25      50      75     WO  125 
TEMPERATURE  (*C) 


3 

to 

5  " 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


Vt--15V 


-75     -SO    -25      0      25     50      7S     100  125 
TEMPERATURE  (*C) 


<  a 

a  « 

« 

5  o 


SUPPLY  CURRENT 
vs  TEMPERATURE 


NO 

1 

LOAD 

■±15\ 

±1.51 

-75    -50    -25      0      25      50     75     UO  125 
TEMPERATURE  <*C) 


OPEN-LOOP  GAIN  vs 
SINGLE-SUPPLY  VOLTAGE 


— n 

r — 

*n 

1 

T»-2S'C^ 

es*c- 

T». 

Ta- 

725'C 

5  W  15  20  25 
SINGLE-SUPPLY  VOLTAGE  (VOLTS) 


OPEN-LOOP  GAIN  AND 
PHASE  SHIFT  vs  FREQUENCY 


FREQUENCY  (Hi) 


CLOSED-LOOP  GAIN 
vs  FREQUENCY 


OUTPUT  VOLTAGE  SWING 
vs  LOAD  RESISTANCE 


FREQUENCY  (K>) 


Ik  10k 
LOAO  RESISTANCE  ((I) 


OUTPUT  VOLTAGE  SWING 
vs  LOAD  RESISTANCE 


LOAD  RESISTANCE  (H) 
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OP-90  PRECISION  LOW-VOLTAGE  MICROPOWER  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


POWER  SUPPLY  REJECTION 
v$  FREQUENCY 


COMMON-MODE  REJECTION 
va  FREQUENCY 


NOISE  VOLTAGE  DENSITY 


O  ID 


va  FREQUENCY 

1  I 
z  15V  . 

■  nmc 

> 

i — 

10 

FREQUENCY  |Hi) 


01  I  m  1 

FREQUENCY  (Hi) 


CURRENT  NOISE  DENSITY 
vb  FREQUENCY 


I 


i  i  hi. 

T,-1S-C_ 


0.1  1  10  100  1* 

FREQUENCY  (Hz) 


SMALL-SIGNAL 
TRANSIENT  RESPONSE 


LARGE-SIGNAL 
TRANSIENT  RESPONSE 


IIIIIIIIII 

IHC31ME3T " 

T,-IS'C 
Vt  -  HSV 
A,- -I 
fit-  10.11 


BURN-IN  CIRCUIT 


APPLICATIONS  INFORMATION 

BATTERY-POWERED  APPLICATIONS 

The  OP-90  can  be  operated  on  a  minimum  supply  voltage  of 
+1.6V,  or  with  dual  supplies  ±0.8V.  and  draws  only  14uA  of 
supply  current.  In  many  battery-powered  circuits,  the  OP-90 
can  be  continuously  operated  for  thousands  of  hours  before 
requiring  battery  replacement,  reducing  equipment  down- 
time and  operating  cost. 

High-performance  portable  equipment  and  instruments  fre- 
quently use  lithium  cells  because  of  their  long  shelf-life,  light 
weight,  and  high  energy  density  relative  to  older  primary 
cells.  Most  lithium  cells  have  a  nominal  output  voltage 
of  3V  and  are  noted  for  a  flat  discharge  characteristic.  The 
low  supply  voltage  requirement  of  the  OP-90,  combined  with 
the  flat  discharge  characteristic  of  the  lithium  cell,  indicates 
that  the  OP-90  can  be  operated  over  the  entire  useful  life  of 
the  cell.  Figure  1  shows  the  typical  discharge  characteristic 
of  a  1Ah  lithium  cell  powering  an  OP-90  which,  in  turn,  is 
driving  full  output  swing  into  a  100kfl  load. 
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OP-SO  PRECISION  LOW-VOLTAGE  MICROPOWER  OPERATIONAL  AMPLIFIER 


FIGURE  1:  Lithium  Sulphur  Dioxide  Cell  Discharge 

Characteristic  With  OP-SO  and  100k!)  Load 


13 


V 

2000    3000    4000    5O0O  8000 
HOURS 


INPUT  VOLTAGE  PROTECTION 

The  OP-90  uses  a  PNP  input  stage  with  protection  resistors  in 
series  with  the  inverting  and  noninverting  inputs.  The  high 
breakdown  of  the  PNP  transistors  coupled  with  the  protec- 
tion resistors  provides  a  large  amount  of  input  protection, 
allowing  the  inputs  to  be  taken  20V  beyond  either  supply 
without  damaging  the  amplifier. 

OFFSET  NULLING 

The  offset  null  circuit  of  Figure  2  provides  6mV  of  offset 
adjustment  range.  A  100kft  resistor  placed  in  series  with  the 
wiper  of  the  offset  null  potentiometer,  as  shown  in  Figure  3, 

FIGURE  2:  Offset  Nulling  Circuit 


o  i| 

op-io  o 

o  1 

VT5   1 

<U0M> 

 1  1 

V 

1 

FIGURE  3:  High  Resolution  Offset  Nulling  Circuit 


reduces  the  offset  adjustment  range  to  400pV  and  is  recom- 
mended for  applications  requiring  high  null  resolution. 
Offset  nulling  does  not  affect  TCV0s  performance. 

SINGLE-SUPPLY  OUTPUT  VOLTAGE  RANGE 

In  single-supply  operation  the  OP-90's  input  and  output 
ranges  include  ground.  This  allows  true  "zero-in,  zero-out" 
operation.  The  output  stage  provides  an  active  pull-down  to 
around  0.8V  above  ground.  Below  this  level,  a  load  resistance 
of  up  to  1  M(l  to  ground  is  required  to  pull  the  output  down  to 
zero. 

In  the  region  from  ground  to  0.8V  the  OP-90  has  voltage  gain 
equal  to  the  data  sheet  specification.  Output  current  source 
capability  is  maintained  over  the  entire  voltage  range  includ- 
ing ground. 

APPLICATIONS 

BATTERY-POWERED  VOLTAGE  REFERENCE 

The  circuit  of  Figure  4  is  a  battery-powered  voltage  reference 
that  draws  only  17/jA  of  supply  current.  At  this  level,  two  AA 
cells  can  power  this  reference  over  18  months.  At  an  output 
voltage  of  1.23V  @  2S°C,  drift  of  the  reference  is  only 
5.5/4V/°C  over  the  industrial  temperature  range.  Load  regula- 
tion is  85juV/mA  with  line  regulation  at  120/iV/V. 

Design  of  the  reference  is  based  on  the  bandgap  technique. 
Scaling  of  resistors  R1  and  R2  produces  unequal  currents  in 
Q1  and  Q2.  The  resulting  VBE  mismatch  creates  a  tempera- 
tu  re-proportional  voltage  across  R3  which,  in  turn,  produces 
a  larger  temperature-proportional  voltage  across  R4  and  RS. 
This  voltage  appears  at  the  output  added  to  the  VBe  of  Q1, 
which  has  an  opposite  temperature  coefficient.  Adjusting  the 

FIGURE  4:  Battery  Powered  Voltage  Reference 
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output  to  1.23V  at  25°  C  produces  minimum  drift  over  temper- 
ature. Bandgap  references  can  have  start-up  problems.  With 
no  current  in  R1  and  R2.  the  OP-90  is  beyond  its  positive  input 
range  limit  and  has  an  undefined  ouput  state.  Shorting  Pin  5 
(an  offset  adjust  pin)  to  ground  forces  the  output  high  under 
these  conditions  and  insures  reliable  start-up  without  signifi- 
cantly degrading  the  OP-90's  offset  drift. 

SINGLE  OP  AMP  FULL-WAVE  RECTIFIER 

Figure  5  shows  a  full-wave  rectifier  circuit  that  provides  the 
absolute  value  of  input  signals  up  to  ±2.5V  even  though 
operated  from  a  single  5V  supply.  For  negative  inputs,  the 
amplifier  acts  as  an  unity  gain  inverter.  Positive  signals  force 
the  op  amp  output  to  ground.  The  1N914  diode  becomes 
reversed-biased  and  the  signal  passes  through  R1  and  R2  to 
the  output.  Since  output  impedance  is  dependent  on  input 
polarity,  load  impedances  cause  an  asymmetric  output.  For 
constant  load  impedances,  this  can  be  corrected  by  reducing 
R2.  Varying  or  heavy  loads  can  be  buffered  by  a  second 
OP-90.  Figure  6  shows  the  output  of  the  full-wave  rectifier 
with  a  4Vp.p,  10Hz  input  signal'. 

FIGURE  5:  Single  Op-Amp  Full  Wave  Rectifier 


FIGURE  6:  Output  of  Full-Wave  Rectifier  With  4Vp.p. 
10Hz  Input 


TWO  WIRE  4-20mA  CURRENT  TRANSMITTER 

The  current  transmitter  of  Figure  7  provides  an  output  of  4mA 
to  20mA  that  is  linearly  proportional  to  the  input  voltage. 
Linearity  of  the  transmitter  exceeds  0.004%  and  line  rejection 
is  0.0005%/volt. 

Biasing  for  the  current  transmitter  is  provided  by  the  REF- 
02EZ.  The  OP-90EZ  regulates  the  output  current  to  satisfy 
the  current  summation  at  the  noninverting  node: 


lc 


1  /V|NR5_  5V  R5  \ 
R6  \    R2        R1  / 


For  the  values  shown  in  Figure  7, 


+  4mA 


giving  a  full-scale  output  of  20mA  with  a  100mV  input. 
Adjustment  of  R2  will  provide  an  offset  trim  and  adjustment  of 
R1  will  provide  a  gain  trim.  These  trims  do  not  interact  since 
the  noninverting  input  of  the  OP-90  is  at  virtual  ground.  The 
Schottky  diode.  D1.  prevents  input  voltage  spikes  from  pull- 


FIGURE  7:  Two  Wire  4-20mA  Transmitter 
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ing  the  noninverting  input  more  than  300m V  below  the 
inverting  input.  Without  the  diode,  such  spikes  could  cause 
phase  reversal  of  the  OP-90  and  possible  latch-up  of  the 
transmitter.  Compliance  of  this  circuit  is  from  10V  to  40V.  The 
voltage  reference  output  can  provide  up  to  2mA  for  trans- 
ducer excitation. 

MICROPOWER  VOLTAGE-CONTROLLED  OSCILLATOR 

Two  OP-90s  in  combination  with  an  inexpensive  quad  CMOS 
switch  comprise  the  precision  VCO  of  Figure  8.  This  circuit 
provides  triangle  and  square  wave  outputs  and  draws  only 
50/iA  from  a  single  5V  supply.  A1  acts  as  an  integrator;  S1 
switches  the  charging  current  symmetrically  to  yield  positive 

FIGURE  8:  Micropower  Voltage  Controlled  Oscillator 


and  negative  ramps.  The  integrator  is  bounded  by  A2  which 
acts  as  a  Schmitt  trigger  with  a  precise  hysteresis  of  1.67 
volts,  set  by  resistors  RS,  R6,  and  R7,  and  associated  CMOS 
switches.  The  resulting  output  of  A1  is  a  triangle  wave  with 
upper  and  lower  levels  of  3.33  and  1.67  volts.  The  output  of  A2 
is  a  square  wave  with  almost  rail-to-rail  swing.  With  the  com- 
ponents shown,  frequency  of  operation  is  given  by  the 
equation: 

/OUT  =  VcONTROL  (VOltS)  X  10HZ/V 

but  this  is  easily  changed  by  varying  C1.  The  circuit  operates 
well  up  to  a  few  hundred  hertz. 
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MICROPOWER  SINGLE-SUPPLY 
INSTRUMENTATION  AMPLIFIER 

The  simple  instrumentation  amplifier  of  Figure  9  provides 
over  110dB  of  common-mode  rejection  and  draws  only  15/iA 
of  supply  current.  Feedback  is  to  the  trim  pins  rather  than  to 
the  inverting  input.  This  enables  a  single  amplifier  to  provide 
differential  to  single-ended  conversion  with  excellent 
common-mode  rejection.  Distortion  of  the  instrumentation 
amplifier  is  that  of  a  differential  pair,  so  the  circuit  is  res- 
tricted to  high  gain  applications.  Nonlinearity  is  less  than 
0.1  %  for  gains  of  500  to  1000  over  a  2.SV  output  range.  Resis- 
tors R3  and  R4  set  the  voltage  gain  and,  with  the  values 
shown,  yield  a  gain  of  1000.  Gain  tempco  of  the  instrumenta- 
tion amplifier  is  only  50ppm/°C.  Offset  voltage  is  under  150/iV 
with  drift  below  2/xV/°C.  The  OP-90's  input  and  output  vol- 
tage ranges  include  the  negative  rail  which  allows  the  instru- 
mentation amplfier  to  provide  true  "zero-in,  zero-out" 
operation. 

FIGURE  9:  Micropower  Single-Supply  Instrumentation 
Amplifier 


SINGLE-SUPPLY  CURRENT  MONITOR 

Current  monitoring  essentially  consists  of  amplifying  the 
voltage  drop  across  a  resistor  placed  in  series  with  the  cur- 
rent to  be  measured.  The  difficulty  is  that  only  small  voltage 
drops  can  be  tolerated  and  with  low  precision  op  amps  this 
greatly  limits  the  overall  resolution.  The  single-supply  cur- 
rent monitor  of  Figure  10  has  a  resolution  of  10/iA  and  is 
capable  of  monitoring  30mA  of  current.  This  range  can  be 
adjusted  by  changing  the  current  sense  resistor  R1.  When 
measuring  total  system  current,  it  may  be  necessary  to 
include  the  supply  current  of  the  current  monitor,  which 
bypasses  the  current  sense  resistor,  in  the  final  result.  This 
current  can  be  measured  and  calibrated  (together  with  the 
residual  offset)  by  adjustment  of  the  offset  trim  potenti- 
ometer, R2.  This  produces  a  deliberate  offset  that  is  tempera- 
ture dependent.  However,  the  supply  current  of  the  OP-90  is 
also  proportional  to  temperature  and  the  two  effects  tend  to 
track.  Current  in  R4  and  RS,  which  also  bypasses  R1 ,  can  be 
accounted  for  by  a  gain  trim. 

FIGURE  10:  Single-Supply  Current  Monitor 
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FEATURES 

•  Low  Supply  Current      60%A  Max 

•  OP-07  Type  Performance 

Offset  Voltage   2SMV  Max 

OUset  Voltage  Drift  0.6uV/°C  Max 

•  Very  Low  Bias  Current 

25°C. ......    ........... ...  100pA  Max 

°-0*Cto;-f12S*C     250pA  Max 

•  High  Common-Mode  Rejection   114dBMIn 

•  Extended  Industrial  Temp.  Range  . ..  — 40°Cto+85°C 

ORDERING  INFORMATION! 


GENERAL  DESCRIPTION 

The  OP-97  is  a  low-power  alternative  to  the  industry-standard 
OP-07  precision  amplifier,  the  OP-97  maintains  the  standards 
of  performance  set.  by  the  OP-07  while  utilizing  only  600/iA 
supply  current,  less  than  1/6  that  of  an  OP-07.  Offset  voltage  is 
an  ultra-low  25uV,  and  drift  over  temperature  is  below  0.6/iWC. 
External  offset  trimming  is  not  required  in  the  majority  of 
circuits.' 


PIN  CONNECTIONS 


PACKAGE 

OPERATING 
TEMPERATURE 
RANGE 

TO-99 

.  CEROIP 

'  PLASTIC 

OP97AJ- 

OP97AZ' 

Mil 

OP97EJ 

OP97EZ 

OP97EP 

xind 

OP97FJ 

OP97FZ 

OP97FP 

XIND 

OP97FStt 

XIND 

*  For  devices  processed  in  total  compliance  to  Ml  L-STD-883.  add  /883  alter 

part  number.  Consult  lactory  lor  863  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdtp.  plasticdip.and  TO-can  packages.  For  ordering  information;see  1988  • 
Data  Book.  Section  2. 
tt  For  availability  and  bum*in  information  on-SO  and  PLCC- packages, •■ 
contact  your  local  sales  olfice. 


EPOXY  MINI-DIP 
(P-Suffix) 

8-PIN  CERDIP 
(Z-Suffix) 

•  EPOXY  SOtt 
(S-Sufflx) 


TO-99 
_  (J-Sufflx) 

ttTo  be  announced 


SIMPLIFIED  SCHEMATIC 
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Improvements  have  been  made  over  OP-07  specifications  in 
several  areas.  Notable  Is  bias  current  which  remains  below 
250pA  over  the  full  military  temperature  range.  The  OP-97  is 
ideal  for  use  in  precision  long-term  integrators  or  sample-and- 
hold  circuits  that  must  operate  at  elevated  temperatures. 

Common-mode  rejection  and  power-supply  rejection  are  also 
improved  with  the  OP-97,  at  114dB  minimum  over  wider  ranges 
of  common-mode  or  supply  voltage.  Outstanding  PSR,  a 
supply  range  specified  from  ±2.25V  to  ±20V  and  the  OP-97's 
minimal  power  requirements  combine  to  make  the  OP-97  a 
preferred  device  for  portable  and  battery-powered  instruments. 

The  OP-97  conforms  to  the  OP-07  pinout,  with  the  null 
potentiometer  connected  between  pins  1  and  8  with  the  wiper 
to  V+.  The  OP-97  will  upgrade  circuit  designs  using  725,  OPOS, 
OP07,  OP12,  and  1012  type  amplifiers.  It  may  replace  741-type 
amplifiers  in  circuits  without  nulling  or  where  the  nulling 
circuitry  has  been  removed. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  ±20V 

Internal  Power  Dissipation  (Note  2)   SOOmW 

Input  Voltage  (Note  3)   ±20V 

Differential  Input  Voltage  (Note  4)   ±1V 


Differential  Input  Current  (Note  4)   ±1CmA 

Output  Short-Clrcuit  Duration   Indefinite 

Operating  Temperature  Range 

OP-97  (J,  Z)  -55°Cto+1250C 

OP-97  (J,  Z,  P,  S)  -40°C  to  +85°C 

Storage  Temperature  Range  -65°C  to+1S0°C 

Junction  Temperature  Range  -65"C  to  +150eC 

Lead  Temperature  (Soldering,  10  sec)   300°C 

NOTES: 


1.  Absoluts  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  See  labia  tor  maximum  ambient  temperature  and  rating. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

TO-99(J) 

80»C 

7.1mW/*C 

8-Pln  Cerdlp  (Z) 

75*C 

6.7mW/"C 

B-PIn  Plastic  DIP  (P) 

62*C 

5.6mW/°C 

3.  For  supply  voltages  less  than  120V,  the  absolute  maximum  input  voltage  Is 
equal  to  the  supply  voltage. 

4.  The  OP-97'a  Inputs  are  protected  by  back-to-back  diodes.  Current-limiting 
resistors  are  not  used  in  order  to  achieve  low  noise.  Differential  input 
voltages  greater  than  IV  will  cause  excessive  current  to  How  through  the 
Input  protection  diodes  unless  limiting  resistance  is  used. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  Vcm  =  0V,  TA  =  +25°C,  unless  otherwise  noted. 


OP-97A/E 

OP-97F 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset 
Voltage 

v0s 

10 

25 

30 

75 

«V 

Long-Term 

Offset  Voltage 

AVos/Tim8 

0.3 

0.3 

fiV/Month 

Stability 

Input  Offset 
Current 

>os 

30 

100 

30 

150 

PA 

Input  Bias 
Current 

*D 

±30 

±100 

±30 

±150 

PA 

Input  Noise 
Voltage 

flnw> 

0.1Hz  to  10Hz 

0.5 

0.5 

"Vp 

Input  Noise 

f0  =  10Hz  (Note  2) 

17 

30 

17 

30 

nMVRT 

Voltage  Density 

«» 

l0  =  1000 Hz  (Note  3) 

14 

22 

14 

22 

nWHi* 

Input  Noise 
Current  Density 

•n 

l0  =  10Hz 

20 

20 

fA/VHz 

Large-Signal 
Voltage  Gain 

Ayo 

V0  =  ±10V;  R|_  =  2kn 

300 

2000 

200 

2000 

V/mV 

Common-Mode 
Rejection 

CMR 

Vb,«.±13.SV 

114 

132 

110 

132 

dB 

Power-Supply 
Rejection 

PSR 

V3  =  ±2Vto±20V 

114 

132 

110 

132 

dB 

Input  Voltage 
Range 

IVR 

(Note  1) 

±13.5 

±14.0 

±13.5 

±14.0 

V 

Output  Voltage 
Swing 

v0 

RL=  10kll 

±13 

±14 

±13 

±14 

V 

Slew  Rate 

SR 

0.1 

0.2 

0.1 

0.2 

V/Ms 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  VCM  =  OV,  TA  =  +25°C,  unless  otherwise  noted.  (Continued.) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP.Q7A/P 
TYP 

MAX 

MIN 

OP-97F 
TYP 

MAX 

UNITS 

Differential 
Input  Resistance 

RIN 

(Note  4) 

30 

30 

Mn 

Closed-Loop 
Bandwidth 

BW 

AVC1.  =  +1 

0.4 

0.9 

0.4 

0.9 

MHz 

Supply  Current 

'SY 

380 

600 

380 

600 

«A 

Supply  Voltage 

vs 

Operating  Range 

±2 

±15 

±20  f. 

•  ±2 

±15 

±20 

V 

NOTES: 

1.  Guaranteed  by  CMR  test. 

2.  10Hz  noise  voltage  density  is  sample  tested.  Devices  100%  tested  tor  noise 
are  available  on  request. 

3.  Sample  tested. 

4.  Guaranteed  by  design. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  VCM  =  OV.  -40°C  <  TA<  +85°C  for  the  OP-97E/F  and  -55°C<  TA<  +125°C  for 
the  OP-97A,  unless  otherwise  noted. 


HA  n  A  IICTCD 

PARAMETER 

SYMBOL-. 

'CONDITIONS 

MIN 

OP-97A/E 

TYP 

MAX 

MIN 

OP-97F 

Input  Offset 
vbitago 

Vos 

25 

60 

60 

200 

Average  Temperature 
Coeflicient  of  Vos 

TCVos 

0.2 

0.6 

0.3 

2.0 

(ivrc 

input  Offset 
Current 

los 

60 

250 

80 

750 

PA 

Average  Temperature 
Coefficient  of  los 

TCI0S 

0.4 

2.5 

0.6 

7.5 

pA/"C 

Input  Bias 
Current 

Ib 

±60 

±250 

±80 

±750 

pA 

Average  Temperature 
Coefficient  of  lB 

TCIB 

0.4 

2.5 

0.6 

7.5 

pA/°C 

Large-Signal 
Voltage  Gain 

Ayo 

Vo  =  ±10V;RL=2lin 

200 

1000 

150 

1000 

V/mV  . 

Common-Mode 
Rejection 

CMR 

VCM  =  ±13.5V 

108 

128 

108 

128 

<JB 

Power-Supply 
Rejection 

PSR 

Vs  =  ±2.5V  to  ±20V 

108 

126 

108 

126 

<JB 

Input  Voltage 
Range 

IVR 

(Note  1) 

±13.5 

±14.0 

±13.5 

±14.0 

V 

Output  Voltage 
Swing 

Vo 

RL  =  10k(J 

±13 

±14 

±13 

±14 

V 

Slew  Rate 

SR 

0.05 

0.15 

0.05 

0.15 

V7/1S 

Supply  Current 

'SY 

400 

800 

400 

800 

Supply  Voltage 

Vs 

Operating  Range 

±2.5 

±15 

±20 

±2.5 

±15 

±20 

V 

U4 
i— « 

□ 

< 

i 

o 

1 

a, 
O 


NOTE: 

1.   Guaranteed  by  CMR  test. 
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DICE  CHARACTERISTICS 


1.  NULL 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  V- 

5.  OVERCOMPENSATION 

6.  OUTPUT 

7.  V+ 

6.  NULL 


DIE  SIZE  0.063  X  0.074  Inch,  4,662  sq.  mils  For  additional  DICE  ordering  Information,  reler  to 

(1.60  X  1.68  mm,  3.01  sq.  mm)  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs  =  ±15V,  Vqm  =  OV.  TA  =  +25°C.  unless  otherwise  noted.  ■ 

OP-97N 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMITS 

UNITS 

Input  Offset  Voltage 

Vos 

250 

pVMAX 

Input  Offset  Current 

'os 

150 

pA  MAX 

Input  Bias  Current 

■a 

±150 

pAMAX 

Urgo-Slgnol 
Voltage  Gain 

Av0 

V0UT  =  ±10V,  RL  =  2kfl 

120 

V/mV  MIN 

Common-Mode  Rejection 

CMR 

VCM  =  ±13.5 

110 

dBMIN 

Power-Supply  Rejection 

PSR 

Vs  =  ±2Vto±20V 

110 

dB  MIN 

Input-Voltage  Range 

IVR 

(Note  1) 

±13.5 

VMIN 

Output  Voltage  Swing 

v0 

RL  =  10k(l 

±13 

VMIN 

Slew  Rate 

SR 

0.1 

V/fi8  MIN 

Supply  Current 

>SV 

No  Load 

600 

mAMAX 

NOTES: 

1.  Guaranteed  by  CMR  test. 


Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  In  assembly  methods  and  normal  yield  loss,  yield  after  packaging  la  notguaranteed 
for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


TYPICAL  DISTRIBUTION 
OF  INPUT  OFFSET  VOLTAGE 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


SUPPLY  CURRENT  vs 
SUPPLY  VOLTAGE 


NO  LOAD 

T.-+US 

•C 

T.--M- 

: 

a  tW  i15 

SUPPLY  VOLTAOE  (VOLTS) 


COMMON-MODE  REJECTION 
vs  FREQUENCY 


3  to 


1 

V.-11SV 

Vcy- 

POWER-SUPPLY  REJECTION 
vs  FREQUENCY 


P  100 

o 

u 

a 


■  ■■  i  ■  "  r 

T.-JS-C 
V,  - 1«» 

J 

V,-1Q 

-PSR 

+PS 

FREQUENCY  (Hi) 


10      too  tk 
FREQUENCY  (Hi) 


lOk     tOOk  111 


OPEN-LOOP  GAIN 
vs  LOAD  RESISTANCE 


NOISE  DENSITY 
vs  FREQUENCY 


TOTAL  NOISE  DENSITY 
VS  SOURCE  RESISTANCE 


> . 

g 


=  TA  -  23*C  ~ 

~  V-  ■  +4V  TO  «4flV 

IkHt — ^  i 

tOHl 

_  II 

-vw- 

=  -Wr 

:> 

-»  — 

IfcHl 

/RESISTOR  NOISE 
r        1  1 

LOAD  RESISTANCE  (hfl) 


FREQUENCY  (Hi) 


1Q2        WJ        to*        iqS        tO*  10' 
SOURCE  RESISTANCE  (fl) 


OPEN-LOOP  GAIN  LINEARITY 


3> 


Rl 

'  WfcO 

•tsv 

-OV  ' 

L- 

—\ 

TA-  + 

B5"C 

T»-  + 

»'C 

T»-- 

I5*C 

-to      -f       0        I  10 
OUTPUT  VOLTAOE  (VOLTS) 


MAXIMUM  OUTPUT  SWING 
vs  LOAD  RESISTANCE 


MAXIMUM  OUTPUT  SWING 
vs  FREQUENCY 


»4 

S  » 
s 

v> 

fc  15 
O  « 


I    I  I  III 

V« 

_V,-ltSV 
*vd.-+' 
1«TKD 

-R. -tOkfl 


LOAD  RESISTANCE  <tl) 


FREQUENCY  (Hi) 


5-268 


10/87,  Rev.  B1 


OP-97  LOW-POWER,  HIGH-PRECISION  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 
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APPLICATIONS  INFORMATION 

The  OP-97  is  a  low-power  alternative  to  the  industry  standard 
precision  op  amp,  the  OP-07.  The  OP-97  may  be  substituted 
directly  into  OP-07,  OP-77,  725,  OP-05,  112/312,  and  1012 
sockets  with  improved  performance  and/or  less  power  dissi- 
pation, and  may  be  inserted  into  sockets  conforming  to  the  741 
pinout  if  nulling  circuitry  is  not  used.  Generally,  nulling  circuitry 
used  with  earlier  generation  amplifiers  is  rendered  superfluous 
by  the  OP-97's  extremely  low  offset  voltage,  and  may  be 
removed  without  compromising  circuit  performance. 

Extremely  low  bias  current  over  the  full  military  temperature 
range  makes  the  OP-97  attractive  for  use  in  sample-and-hold 
amplifiers,  peak  detectors,  and  log  amplifiers  that  must  operate 
over  a  wide  temperature  range.  Balancing  input  resistances  is 
not  necessary  with  the  OP-97.  Offset  voltage  and  TCVqs  are 
degraded  only  minimally  by  high  source  resistance,  even  when 
unbalanced. 

The  input  pins  of  the  OP-97  are  protected  against  large 
differential  voltage  by  back-to-back  diodes.  Current-limiting 
resistors  are  not  used  so  that  low-noise  performance  is  main- 
tained. If  differential  voltages  above  +1V  are  expected  at  the 
inputs,  series  resistors  must  be  used  to  limit  the  current  flow  to  a 
maximum  of  10mA.  Common-mode  voltages  at  the  inputs  are 
not  restricted,  and  may  vary  over  the  full  range  of  the  supply 
voltages  used. 

The  OP-97  requires  very  little  operating  headroom  about  the 
supply  rails,  and  is  specified  for  operation  with  supplies  as  low 


FIGURE  1:  Optional  Input  Offset  Voltage  Nulling  and  Over- 
compensation Circuits 


FIGURE  2:  Small  Signal  Transient  Response 
(CLoad  =  100pF,  AVCL  =  +1) 


as  ±2V.  Typically,  the  common-mode  range  extends  to  within 
one  volt  of  either  rail.  The  output  typically  swings  to  within  one 
volt  of  the  rails  when  using  a  lOkfl  load. 

Offset  nulling  is  achieved  utilizing  the  same  circuitry  as  an 
OP-07.  A  potentiometer  between  5kfi  and  100kn  is  connected 
between  pins  1  and  8  with  the  wiper  connected  to  the  positive 
supply.  The  trim  range  is  between  300/iV  and  850^V,  depending 
upon  the  internal  trimming  of  the  device. 

AC  PERFORMANCE 

The  OP-97's  AC  characteristics  are  highly  stable  over  its  full 
operating  temperature  range.  Unity-gain  small  signal  response 
is  shown  in  Figure  2.  Extremely  tolerant  of  capacitive  loading  on 
the  output,  the  OP-97  displays  excellent  response  even  with 
1000pF  loads  (Figure  3).  In  large-signal  applications,  the  input 
protection  diodes  effectively  short  the  input  to  the  output 
during  the  transients  if  the  amplifier  is  connected  in  the  usual 
unity-gain  configuration.  The  output  enters  short-circuit  current 
limit,  with  the  flow  going  through  the  protection  diodes. 
Improved  large-signal  transient  response  is  obtained  by  using  a 
feedback  resistor  between  the  output  and  the  inverting  input. 
Figure  4  shows  the  large-signal  response  of  the  OP-97  in  unity- 
gain  with  a  10kH  feedback  resistor.  The  unity  gain  follower 
circuit  is  shown  in  Figure  5. 

The  overcompensation  pin  may  be  used  to  increase  the  phase 
margin  of  the  OP-97,  or  to  decrease  gain-bandwidth  product  at 
gains  greater  than  10. 


FIGURE  3:  Small-Signal  Transient  Response 
(CLOad=  1000pF,AvcL  =  +1) 


FIGURE  4:  Large  Signal  Transient  Response  (AVCL  =  +1) 
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FIGURE  5:  Unity-gain  Follower 


FIGURE  6:  Small  Signal  Transient  Response  with  Overcom- 
pensation (CLOad  =  1000pF,  AVCL = +1 ,  Coc  =  220pF) 
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GUARDING  AND  SHIELDING 

To  maintain  the  extremely  high  input  impedances  of  the  OP-97, 
care  must  be  taken  in  circuit  board  layout  and  manufacturing. 
Board  surfaces  must  be  kept  scrupulously  clean  and  free  of 
moisture.  Conformal  coating  is  recommended  to  provide  a 
humidity  barrier.  Even  a  clean  PC  board  can  have  100pA  of 
leakage  currents  betwen  adjacent  traces,  so  that  guard  rings 


should  be  used  around  the  inputs.  Guard  traces  are  operated  at 
a  voltage  close  to  that  on  the  inputs,  so  that  leakage  currents 
become  minimal.  In  noninverting  applications,  the  guard  ring 
should  be  connected  to  the  common-mode  voltage  at  the 
inverting  input  (pin  2).  In  inverting  applications,  both  inputs 
remain  at  ground,  so  that  the  guard  trace  should  be  grounded. 
Guard  traces  should  be  made  on  both  sides  of  the  circuit  board. 

FIGURE  8:  DAC  Output  Amplifier 


FIGURE  9:  Current  Monitor 
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High  impedance  circuitry  is  extremely  susceptible  to  RF 
pickup,  line-frequency  hum,  and  radiated  noise  from  switching 
power-supplies.  Enclosing  sensitive  analog  sections  within 
grounded  shields  is  generally  necessary  to  prevent  excessive 
noise  pickup.  Twisted-pair  cable  will  aid  in  rejection  of  line- 
frequency  hum. 

The  OP-97  is  an  excellent  choice  as  an  output  amplifier  for 
higher  resolution  CMOS  DACs.  Its  tightly  trimmed  offset  vol- 
tage and  minimal  bias  current  result  in  virtually  no  degradation 
of  linearity,  even  over  wide  temperature  ranges. 

Figure  9  shows  a  versatile  monitor  circuit  that  can  typically 
sense  current  at  any  point  between  the  +  15V  supplies.  This 
makes  it  ideal  for  sensing  current  in  applications  such  as  full 
bridge  drivers  where  bi-directional  current  is  associated  with 
large  common-mode  voltage  changes.  The  114dB  CMRR  of  the 
OP-97  makes  the  amplifier's  contribution  to  common-mode 
error  negligible,  leaving  only  the  error  due  to  the  resistor  ratio 
inequality.  Ideally,  R2/R4  =  R3/R5.  This  is  best  trimmed  via  R4. 

The  digitally  programmable  gain  amplifier  shown  in  Figure  10 
has  12-bit  gain  resolution  with  10-bit  gain  linearity  over  the 
range  of  -1  to  -1024.  The  low  bias  current  of  the  OP-97 
maintains  this  linearity,  while  C1  limits  the  noise  voltage 
bandwidth  allowing  accurate  measurement  down  to  microvolt 
levels. 


FIGURE  10:  Precision  Programmable  Gain  Amplifier  - 
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Many  high-speed  amplifiers  suffer  from  less-than-perfect  low- 
frequency  performance.  A  combination  amplifier  consisting  of 
a  high  precision,  slow  device  like  the  OP-97  and  a  faster  device 
such  as  the  OP-44  results  in  uniformly  accurate  performance 
from  DC  to  the  high-frequency  limit  of  the  OP-44,  which  has  a 
gain-bandwidth  product  of  23MHz.  The  circuit  shown  in  Figure 
11  accomplishes  this,  with  the  OP-44  providing  high-frequency 
amplification  and  the  OP-97  operating  on  low-frequency  signals 
and  providing  offset  correction.  Offset  voltage  and  drift  of  the 
circuit  are  controlled  by  the  OP-97. 


-ovoui 


FIGURE  11:  Combination  High-Speed,  Precision  Amplifier 


FIGURE  12:  Combination  Amplifier  Transient  Response 
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OP-200 


DUAL  LOW-OFFSEX  LOW-POWER 
OPERATIONAL  AMPLIFIER 


FEATURES 

•  Low  Input  Offset  Voltage   75pVMax 

•  Low  Offset  Voltage  Drift, 
Over-55°C<TA£+1250C    0.5jiV/°CMax 

•  Low  Supply  Current  (Per  Amplifier)   725/iA  Max 

•  High  Open-Loop  Gain   5000V/mVMin 

•  Low  Input  Bias  Current    2nA  Max 

•  Low  Noise  Voltage  Density   11nVA/Hzat1kHz 

•  Stable  With  Large  Capacltive  Loads  10nF  Typ 

•  Pin  Compatible  to  OP-14,  OP-221,  LM1S8,  MC1458/1558, 
and  LT1013  With  Improved  Performance 

ORDERING  INFORMATION! 

TA=25»C        ~~.  _._K.-E  OPERATING 

VogMAX  »>umn»E  TEMPERATURE 

UN)  CEBPIP         PLASTIC  LCC  RANGE 

75  OP200AZ'  —  OP200ARC  MIL 

75  OP200EZ  —  -  IND 

150         OP200F2  -  -  INO 

200  -  OP200GP  -  COM 

800   —  OP200GSM  —  COM 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /8S3  alter 

pad  number.  Consult  lactory  lor  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book.  Section  2. 
tt  For  availability  and  burn-In  information  on  SO  and  PLCC  packages, 
contact  your  local  sales  oflice. 

GENERAL  DESCRIPTION 

The  OP-200  is  the  first  monolithic  dual  operational  amplifier  to 
offer  OP-77  type  precision  performance.  Available  in  the 

SIMPLIFIED  SCHEMATIC  (One  of  two  amplifiers  isshown.) 


industry  standard  8-pin  pinout,  the  OP-200  combines  precision 
performance  with  the  space  and  cost  savings  offered  by  a  dual 
amplifier. 

The  OP-200  features  an  extremely  low  input  offset  voltage  of 
less  than  75pV  with  a  drift  below  0.5/iV/°C,  guaranteed  over  the 
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full  military  temperature  range.  Open-loop  gain  of  the  OP-200 
exceeds  5,000,000  into  a  10kn  load;  input  bias  current  is  under 
2nA;  CMR  is  over  120dB  and  PSRR  below  1.8/iWV.  On-chip 
zener-zap  trimming  is  used  to  achieve  the  extremely  low  input 
offset  voltage  of  the  OP-200  and  eliminates  the  need  for  offset 
nulling. 

Power  consumption  of  the  OP-200  is  very  low,  with  each 
amplifier  drawing  less  than  725uA  of  supply  current.  The  total 
current  drawn  by  the  dual  OP-200  is  less  than  one-half  that  of  a 
single  OP-07,  yet  the  OP-200  offers  significant  improvements 
over  this  industry  standard  op  amp.  The  voltage  noise  density  of 
the  OP-200, 11  nV/VHz  at  1  kHz,  is  half  that  of  most  competitive 
devices. 

The  OP-200  is  pin  compatible  with  the  OP-14,  OP-221,  LM158, 
MC1458/1558,  and  LT1013  and  can  be  used  to  upgrade  systems 
using  these  devices.  The  OP-200  is  an  ideal  choice  for 
applications  requiring  multiple  precision  op  amps  and  where 
low  power  consumption  is  critical. 

For  a  quad  precision  op  amp,  see  the  OP-400. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 


Supply  Vbltage  ±20V 

Internal  Power  Dissipation  (Note  1) 
P,  RC.  S,  Z-Package   500mW 

Differential  Input  Voltage   ±30V 

Input  Voltage  Supply  vbltage 

Output  Short-Circuit  Duration   Continuous 

Storage  Temperature  Range 
P.  RC,  S,  2-Package  -65°C  to  +150"C 

Lead  Temperature  Range  (Soldering,  60  sec)  300°C 

DICE  Junction  Temperature  (Tj)  -65°C  to  +150°C 

Operating  Temperature  Range 

OP-200A   -55°C  to  +125<,C 

OP-200E.  OP-200F  -25°C  to  +85°C 

OP-200G  0°C  to  +70°C 

NOTES: 

1.  See  table  for  maximum  ambient  temperature  and  derating  factor. 

MAXIMUM  AMBIENT        DERATE  ABOVE 
PACKAGE               TEMPERATURE         MAXIMUM  AMBfENT 
 TYPE  FOR  RATING  TEMPERATURE 

8-Pin  Hermetic  DIP  (Z)  75°C   6.7mW/*C 

8-Pin  Plastic  DIP  (P)  62°C  5.6mW/°C 

20-Pin  LCC  (RC)  80°C  7.8mW/"C 


2.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  +15V,  TA  =  +25"C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-200A7E 

MIN       TYP  MAX 

MIN 

OP-200F 

TYP 

MAX 

MIN 

OP-200G 
TYP 

MAX 

UNITS 

Input  Offset 
Voltage 

Vos 

25 

75 

so 

150 

80 

200 

cv 

Long  Term  tnput 
Voltage  Stability 

0.1 

0.1 

0.1 

fiV/mo 

Input  Offset 
Current 

>os 

vcu  =  ov 

O.OS 

1.0 

0.05 

2.0 

0.05 

3.5 

nA 

Input  Bias 
Current 

'b 

vCM  =  ov 

0.1 

2.0 

0.1 

4.0 

0.1 

5.0 

nA 

Input  Noise 
Voltage 

en  P-P 

0.1Hz  to  10Hz 

0.5 

0.5 

0.5 

"Vp 

Input  Noise 
Voltage  Density 

en 

22 
11 

36 
18 

22 
11 

36 
18 

22 
11 

nV/v/Hl 

Input  Noise 
Current 

■np-p 

0.1Hz  to  10Hz 

15 

15 

15 

PA„ 

Input  Noise 
Current  Density 

'n 

fo=10H2 

0.4 

0.4 

0.4 

paVhF 

Input  Resistance 
Differential  Mode 

RIN 

10 

10 

10 

Mil 

Input  Resistance 
Common  Mode 

RINCM 

125 

125 

125 

Gil 

Large  Signal 
Voltage  Gain 

AVO 

Vo=±10V 
RL=  10kll 
RL  =  2kfl 

5000 
2000 

12000 
3700 

3000 
1500 

7000 
3200 

3000 
1500 

7000 
3200 

V/mV 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°C.  unless  otherwise  noted.  (Continued) 


PARAMETER  SYMBOL 

CONDITIONS 

OP-200A/E 

MIN       TYP  MAX 

MIN 

OP-200F 
TYP 

MAX 

OP-200G 

MIN       TYP  MAX 

UNITS 

Inniit  Unltnnn 
input  vimagu 

Range 

(Note  3) 

±12 

±13  - 

±12 

±13 

±12  ±13 

— 

V 

„  ,   .,  CMR 
Rejection 

VCM  =  ±12V 

120 

135  - 

115 

135 

— 

110  130 

— 

dB 

Power  Supply  psRR 
Rejection  Ratio 

Vs  =  ±3V  to  ±18V 

- 

0.4  1.B 

- 

0.4 

3.2 

-  0.6 

5.6 

dWV 

Output  Voltage 
Swing  ° 

RL  =  10kfl 
RL  =  2kfl 

±12 
±11 

±12.6  - 
±12.2  - 

±12 
±11 

±12.6 
±12.2 

- 

±12  ±12.6 
±11  ±12.2 

- 

V 

Supply  Current  ( 
Per  Amplifier 

No  Load 

— 

570  725 

- 

570 

725 

-  570 

725 

("A 

Slew  Rate  SR 

0.1 

0.15 

0.1 

0.15 

- 

0.1  0.15 

V/jiS 

Gain  Bandwidth 
_    .    .  QBWP 
Product 

Av  =  +1 

SCO  - 

500 

—  500 

- 

kHz 

Channel 

CS 

Separation 

f0  =  10Hz  (Note  2) 

123 

145  - 

123 

145 

- 

123  145 

dB 

Input 

Capacitance  IN 

3.2  - 

3.2 

—  3.2 

pF 

Capacitive  Load 
Stability 

Av  =  +1 

No  Oscillations 

10  - 

10 

—  10 

nF 

NOTE3: 

1.  Sample  tested. 

2.  Guaranteed  but  not  100%  tested. 

3.  Guaranteed  by  CMR  test. 

ELECTRICAL  CHARACTERISTICS  at  Vs  = 

+15V,  -55°C  <  TA<  125°C  for  OP-200A,  unless  otherwise  noted. 

PARAMETER 

8YMBOL 

CONDITIONS 

MIN 

OP-200A 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

45 

125 

«v 

Average  Input  Offset 
Voltage  Drift 

TCV0S 

0.2 

0.5 

fiV/*c 

Input  Offset  Current 

los 

VCM  =  0V 

0.15 

2.5 

nA 

Input  Bias  Current 

Ib 

VCM  =  0V 

0.9 

5.0 

nA 

Large  Signal 
Voltage  Gain 

Avo 

V0  =  +10V 

RL=ion 

RL  =  2kn 

3000 
1000 

9000 
2700 

— 

V/mV 

Input  Voltage  Range 

IVR 

(Note  1) 

±12 

±12.5 

V 

Common-Mode  Rejection 

CMR 

VCM  =  ±12V 

115 

130 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±3Vto±18V 

0.2 

3.2 

Output  Voltage  Swing 

Vo 

RL=iokn 
rl  =  2kn 

±12 
±11 

±12.4 
±12 

V 

Supply  Current 
Per  Amplifier 

'sv 

No  Load 

600 

775 

ma 

Capacitive  Load  Stability 

Av  =  +1 

No  Oscillations 

e 

nF 

ui 

t—t 


o 

I 

Oi 
O 


NOTES: 

1.  Guaranteed  by  CMR  teat. 
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ELECTRICAL  CHARACTERISTICS  al  Vs  =  ±15V.  -25°C  <  TA  <  +85"C  for  OP-200E/F,  0°C  <  TA  <  +70"C  for  OP-200G.  unless 
otherwise  noted. 


OP-200E 

OP-200F 

OP-200G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset 
Voltage 

Vos 

— 

35 

100 

- 

80 

250 

- 

110 

300 

(■V 

Average  Input 
Offset  Voltage  Drift 

TCVqs 

0.2 

0.5 

0.5 

1.5 

0.6 

2.0 

fiV/°C 

Input  Offset 
Current 

'os 

VeM  =  0V 

0.08 

2.5 

0.08 

3.5 

0.1 

6.0 

nA 

Input  Bias 
Current 

'b 

VCM  =  ov 

0.3 

5.0 

0.3 

7.0 

0.5 

10.0 

nA 

Large-Signal 
Voltage  Gain 

Av0 

Vo  =  ±10V 
RL=  10kt! 
RL  =  2kil 

3000 
1500 

10000 
3200 

- 
— 

2000 
1000 

5000 
2500 

2000 
1000 

5000 
2500 

- 

V/mV 

Input  Voltage 
Range 

IVR 

(Note  1) 

±12 

±12.5 

- 

±12 

±12.5 

- 

±12 

±12.5 

- 

V 

Common-Mode 
Rejection 

CMR 

VCU  =  ±12V 

115 

130 

- 

110 

130 

- 

105 

130 

- 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

VS=±3V  to±18V 

0.15 

3.2 

0.15 

5.6 

0.3 

10.0 

|iV/V 

Output  Voltage 

RL=  lOkfl 

±12 

±12.4 

±12 

±12.4 

±12 

±12.4 

V 

Swing 

v0 

RL  =  2kIl 

±11 

±12 

±11 

±12 

±11 

±12.2 

Supply  Current 
Per  Amplifier 

'SY 

No  Load 

600 

775 

600 

775 

600 

775 

(iA 

Capacitlve  Load 
Stability 

A„=+1 

No  Oscillations 

10 

10 

10 

nF 

NOTES: 

1.  Guaranteed  by  CMR  test. 


CHANNEL  SEPARATION  TEST  CIRCUIT 


-O  Vi  20  10Hz 


50MI 


-O  v2 


CHAKNEL  SEPARATION  -  20  log  (  y^§5  ) 


NOISE  TEST  SCHEMATIC 


J— WAr- 


-Wv- 


-O'OUT  TO  SPECTRUM 
ANAIYZER 


•out(nWN/Mj)»^x»B(nV/>/Ki)xt01 
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DICE  CHARACTERISTICS 


DIE  SIZE  0.120  X  0.106  Inch.  12,720  tq.  milt 
{3.05  X  2,69  mm.  8.21  »q.  mm) 


WAFER  TEST  LIMITS  at  Vs  =  ±15V.  TA 

=  +25"C,  unless  otherwise  noted. 

OP-200GBC 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

150 

,iV  MAX 

Input  Offset  Current 

'OS 

VCM=0V 

2 

nA  MAX 

Input  Bias  Current 

lB 

Vcm-OV 

4 

nA  MAX 

Large-Signal 
Voltage  Gain 

AVO 

Vo=±10V 
RL=  10kfl 
RL=2kll 

3000 
1500 

V/mV  MIN 

Input  Voltage  Range 

IVR 

(Note  1) 

±12 

VMIN 

Common-Mode  Rejection 

CMR 

VCM  =  ±12V 

115 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

VS=±3V  to±18V 

3.2 

hV/V  MAX 

Output  Voltage  Swing 

Vo 

RL=  lOkll 
RL=2kII 

±12 
±11 

V  MIN 

Supply  Current 
Per  Amplilier 

Isv 

No  Load 

725 

pA  MAX 

CO 
UJ 

< 


NOTES: 

1.   Guaranteed  by  CMR  test. 

Electrical  tests  are  performed  at  wafer  probe  to  Ihe  limits  shown.  Duo  to  variations  In  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not  guaranteed 
for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


WARM-UP  DRIFT 


c 

A 

p 

INPUT  OFFSET  VOLTAGE 
vs  TEMPERATURE 


y 

 H 

TIME  (MINUTES) 


-75     -50     -25       0       25      50      75      100  125 
TEMPERATURE  CC> 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


-75     -50     -25       0       25      50      7S      100  125 
TEMPERATURE  i'C) 


INPUT  OFFSET  CURRENT 
VS  TEMPERATURE 


\ 

-75      -5D     -25       0       2S      50      75      100  125 
TEMPERATURE  (*C) 


INPUT  BIAS  CURRENT 
vs  COMMON-MODE  VOLTAGE 


»v 

/ 

/ 

•to        -S         0         5  10 

COMMON-MODE  VOLTAGE  (VOLTS) 


n 


COMMON-MODE  REJECTION 
vs  FREQUENCY  , 


FREQUENCY  (Hr) 


VOLTAGE  NOISE  DENSITY 
vs  FREQUENCY 


CURRENT  NOISE  DENSITY 
vs  FREQUENCY 


u  JVC 

\ 

0.1Hz  TO  10Hz  NOISE 


■■■■■■■■■a 

■■■■■■■■■■ 


pfmil  mm 


FREQUENCY  (Hi) 


FREQUENCY  (Hi) 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


TOTAL  SUPPLY  CURRENT 
vs  SUPPLY  VOLTAGE 


±to  ±1* 

SUPPLY  VOLTAGE  (VOLTS) 


TOTAL  SUPPLY  CURRENT 
vs  TEMPERATURE 


POWER  SUPPLY  REJECTION 
vs  FREQUENCY 


g 

3  « 


■  1  1 

NEGATIVE 
«^  SUPPLY 

P< 

s 

SITIVE* 
UPPLY 

T.-S 

TEMPERATURE  (*C) 


FREQUENCY  (Hi) 


CLOSED-LOOP  GAIN  MAXIMUM  OUTPUT  SWING  TOTAL  HARMONIC 

vs  FREQUENCY  vs  FREQUENCY  DISTORTION  vs  FREQUENCY 


1         10       100        Ik        10k      100k       1M  to  100  Ik  10k  100k  '    100  Ik  10k 

FREQUENCY  (Hit  FREQUENCY  (Ki)  FREQUENCY  (Hi) 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


= 


OVERSHOOT  vs 
CAPACITIVE  LOAD 


SHORT-CIRCUIT 
CURRENT  vsTIME 


CHANNEL  SEPARATION 
vs  FREQUENCY 


-  »«- 

If  c 

[W 
*  1 

f  ALLJNQ 

nisiuG 

*  7b' C 
-ilSV. 

\- 

SINKING 

N 

Hjuflcirvrc  — ^ 

0  5        10        1.5       (ft  3.S 

CAPACITIVE  LOAD  (nf| 


I  I  J  <  5 

TIME  IMINUTESI 


1. 

FREQUENCY  (Hj) 


LARGE-SIGNAL 
TRANSIENT  RESPONSE 


1 

■■■■■■■ 

mmwmmim 

wmummm 

9 

SMALL-SIGNAL 
TRANSIENT  RESPONSE 


SMALL-SIGNAL 
TRANSIENT  RESPONSE 
cLOAD  =  InF 


APPLICATIONS  INFORMATION 

The  OP-200  in  inherently  stable  at  all  gains  and  is  capable  of 
driving  large  capacitive  loads  without  oscillating.  Nonetheless, 
good  supply  decoupling  is  highly  recommended.  Proper  supply 
decoupling  reduces  problems  caused  by  supply  line  noise  and 
improves  the  capacitive  load  driving  capability  of  the  OP-200. 


APPLICATIONS 

DUAL  LOW-POWER  INSTRUMENTATION  AMPLIFIER 

A  dual  instrumentation  amplifier  that  consumes  less  than 
33mW  of  power  per  channel  is  shown  in  Figure  1.  The  linearity 
of  the  instrumentation  amplifier  exceeds  16  bits  in  gains  of  5  to 
200and  is  better  than  14  bits  in  gains  from  200  to  1000.  CMRR  is 
above  115dB  (Gain  =  1000).  Offset  voltage  drift  is  typically 
0.2fiV/°C  over  the  military  temperature  range  which  is  com- 
parable to  the  best  monolithic  instrumentation  amplifiers.  The 


FIGURE  1:  Dual  Low-Power  Instrumentation  Amplifier 
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bandwidth  of  the  low-power  instrumentation  amplifier  is  a 
function  of  gain  and  is  shown  below: 


GAIN 

BANDWIDTH 

S 

1S0kHz 

10 

67kHz 

100 

7.5kHz 

1000 

500Hz 

The  output  signal  is  specified  with  respect  to  the  reference 
input,  which  is  normally  connected  to  analog  ground.  The 
reference  input  can  be  used  to  offset  the  output  from  -10V  to 
+10V  if  required. 

PRECISION  ABSOLUTE  VALUE  AMPLIFIER 

The  circuit  of  Figure  2  is  a  precision  absolute  value  amplifier 
with  an  input  impedance  of  10Mft.  The  high  gain  and  low 
TCVqs  of  the  OP-200  insure  accurate  operation  with  microvolt 

FIGURE  2.  Precision  Absolute  Value  Amplifier 


*15V 


■1«F_L 


input  signals.  In  this  circuit,  the  input  always  appears  as  a 
common-mode  signal  to  the  op  amps.  The  CMR  of  the  OP-200 
exceeds  120dB.  yielding  an  error  of  less  than  2ppm. 

PRECISION  CURRENT  PUMP 

Maximum  output  current  of  the  precision  current  pump  shown 
in  Figure  3  is  ±10mA.  Voltage  compliance  is  ±10V  with  ±15V 
supplies.  Output  impedance  of  the  current  transmitter  exceeds 
3Mn  with  linearity  better  than  16  bits. 

FIGURE  3.  Precision  Current  Pump 


'an    BS  10011 


VA  

 c 

toon 

9 

0 

-.'out 
•'±10mA 


6 

-ISV 


DUAL  12-BIT  VOLTAGE  OUTPUT  DAC 

The  dual  output  DAC  shown  in  Figure  4  is  capable  of  providing 
untrimmed  12-bit  accurate  operation  over  the  entire  military 
temperature  range.  Offset  voltage,  bias  current  and  gain  errors 
of  the  OP-200  contribute  less  than  1/10  of  an  LSB  error  at  12  bits 
over  the  military  temperature  range. 


FIGURE  4.  Dual  12-Bit  Voltage  Output  DAC 


+1CV 
REFERENCE  C— 
VOUAOE 


DAC  DATA  BUS 

I  PtNS  6(WSO>-T7(tSO) 
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DUAL  PRECISION  VOLTAGE  REFERENCE 

A  dual  OP-200  and  a  REF-43,  a  2.5V  voltage  reference,  can  be 
used  to  build  a  ±2.5V  precision  voltage  reference.  Maximum 
output  current  from  each  reference  is  ±10mA  with  load 
regulation  under  25/iV/mA.  Line  regulation  is  better  than 
15/iV/V  and  output  voltage  drift  is  under  20>iV/°C.  Output 
voltage  noise  from  0.1  Hz  to  10Hz  is  typically  75^Vp_p.  R1  and  D1 
insure  correct  start-up. 

PROGRAMMABLE  HIGH  RESOLUTION  WINDOW 
COMPARATOR 

The  programmable  window  comparator  shown  in  Figure  6  is 
easily  capable  of  12-bit  accuracy  over  the  full  military  tempera- 
ture range.  A  dual  CMOS  12-bit  DAC,  the  DAC-8212,  is  used  in 
the  voltage  switching  mode  to  set  the  upper  and  lower 
thresholds  (DAC  A  and  DAC  B,  respectively). 


FIGURE  5.  Dual  Precision  Voltage  Reference 


p 


:  R3 

.  ma 


FIGURE  6.  Programmable  High  Resolution  Window  Comparator 
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OP- 207 


DUAL  ULTRA- LOW  Vos 
MATCHED  OPERATIONAL  AMPLIFIER 


FEATURES 

•  Lew  Vos    100fiV  Max 

•  Offset  Voltage  Match    90>VMax 

•  Offset  Voltage  Match  vs.  Temp  1.0>V/°C  Max 

•  Common-Mode  Rejection  Match   103dB  Mln 

•  Bias  Current  Match   3.6nAMax 

•  Low  Noise  O.BfiVp^  Max 

•  Low  Bias  Current   3.0nA  Max 

•  High  Channel  Separation   126dB  Mln 

ORDERING  INFORMATIONt 


TA  =  25'C 
V08MAX 
<kV) 

HERMETIC 
DIP 
14-PIN 

OPERATINQ 
TEMPERATURE 
RANGE 

100 

OP207AY* 

MIL 

100 

OP207EY 

COM 

200 

OP207FY 

COM 

'For  devices  processed  In  total  compliance  to  MIL-STD-633,  add  /8B3  after 
part  number.  Consult  factory  tor  883  data  sheet. 

t  Burn-In  Is  available  on  commercial  and  Industrial  temperature  range  parts  In 
cerdlp,  plastic  dip.  and  TO-can  packages.  For  ordering  Information,  see  1888 
Data  Book,  Section  2. 


GENERAL  DESCRIPTION 

The  OP-207  series  of  dual  matched  operational  amplifiers 
consists  of  two  independent  OP-07  high  performance  opera- 
tional amplifiers  in  a  single  14-pln  dual-in-line  package. 
Exceptionally  low  offset  voltage  and  tight  matching  of  critical 

SIMPLIFIED  SCHEMATIC  (1/2  OP-207) 


parameters  is  provided  between  the  channels  of  this  dual 
operational  amplifier. 

The  excellent  specifications  of  the  individual  amplifiers 
combined  with  the  tight  matching  and  temperature  tracking 
between  channels  provide  high  performance  in  instrumen- 
tation amplifier  designs.  The  individual  amplifiers  feature 
very  low  Input  offset  voltage,  low  offset  voltage  drift,  low 
noise  voltage,  and  low  bias  current.  Each  amplifier  is  fully 
compensated  and  protected. 

Matching  between  channels  is  provided  on  all  critical  para- 
meters Including  offset  voltage,  tracking  of  offset  voltage  vs. 
temperature,  noninvertlng  bias  currents,  and  common- 
mode  rejection. 

PIN  CONNECTIONS 


NULL (Al fT 
NULL {Al  |7 
-IN  IAI  [7 
•  INIA||T 
V-|BlfT 
OUTlBlfT 
V*[B|[7 

_.  NOTES; 

Mjw*tAi       j    Device  may  be  operated  even 
u)out  (ai         ||  insertion  Is  reversed;  this  Is 
u)v-(AI           due  to  Inherent  symmetry 
HI -in  lei          °'  P">  locations  of  amplifiers 
d  AandB. 
ioj-inibi      2   v-(A)  and  V-(B)  are  Internally 
JJnullib)        connected  via  substrate 
T|null(bi  resistance. 

14-PIN  HERMETIC  DIP 
(Y-Sufflx) 

i 

o 

i 

PL, 

o 


^^07  I  "^"Qa 


© 


-in  MAV 


6 
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ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage    ±22V  notes: 

Internal  Power  Dissipation  (Note  1)                         500mW  See  table  lor  maximum  ambient  temperature  rating  and  derating  factor. 

Differential  Input  Voltage  +30V   

input  Voltage  (Note  2)   +22V  maximum  ambient      derate  above 

-V    .  oL  J             n      .                                        17  7/  TEMPERATURE        MAXIMUM  AMBIENT 

Output  Short-Circuit  Duration                         Indefinite  package  type            for  rating  temperature 

Storage  Temperature  Range  -65°C  to  +150°C       .,  „,  .,  T~ZZ  ZZZ:  ,.,„„  

_              _            -        °  14-Pln. Hermetic  DIP                106*C  H3mW/*C 

Operating  Temperature  Range   ■  : — 

OP-207A  — 55°C  to +125°C  2.  Forsupplyvoltageslessthan±22V,theabsolutemaximuminputvoltage 

OP-207E,  OP-207F                                   0°C  to -t^O'C  '  is  equal  to  the  supply  voltage. 

Lead  Temperature  (Soldering,  60  sec)                   300°C  \  0 


MATCHING  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25°C,  unless  otherwise  noted. 


parameter 

SYMBOL 

CONDITIONS 

OP-207A/E 
MIN      TYP  MAX 

MIN 

OP-207F 

TYP  MAX 

UNITS 

Input  Oflset  Voltage  Match 

Rs=  100(1 

30 

90 

50 

260 

;v 

Average  Noninverting 
Bias  Current 

±1.5 

±3.5 

±1.5 

±6.0 

nA 

Noninverting  Oflset  Current 

!os+ 

±0.7 

±3.5 

±1.0 

±6.0 

nA 

Inverting  Offset  Current 

'os- 

±0.7 

±3.5 

±1.0 

±6.0 

nA 

Common-Mode  Rejection 
Ratio  Match 

ACMRR 

VCM=±13V 

103 

120 

96 

114 

dB 

Power  Supply  Rejection 
Ratio  Match 

APSRR 

Vs=±3Vto±18V 

7 

32 

10 

51 

Channel  Separation 


126      140  — 


126  140 


MATCHING  CHARACTERISTICS  at  Vs  =  ±  15V,  -55°C  <  TA  <  125°C,  unless  otherwise  noted. 


OP-207A 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

UNITS 

Input  Offset  Voltage  Match 

AVos 

rs=  ioon 

70 

ISO 

«v 

Input  Offset  Voltage 

Tracking 

Without  External  Trim 
With  External  Trim 

TCiV0S 
TCAVosn 

l  Note  D 

RP  =  20kil(Note1) 

0.5 
0.3 

1.0 
1.0 

|iV/"C 

Average  Noninverting 
Bias  Current 

±2 

±6 

nA 

Average  Drift  of  Non- 
inverting  Bias  Current 

TCiB-+ 

10 

pA/°C 

Noninverting  Offset 
Current 

'os» 

2  ' 

6.5 

nA 

Average  Drift  of  Non- 

inverting  Offset 

TCIqs* 

12 

pA/X 

Current 

Inverting  Offset  Current 

'08- 

2 

6.5 

nA 

Common-Mode  Rejection 
Ratio  Match 

ACMRR 

VCM  =  ±13V 

100 

117 

dB 

Power  Supply  Rejection 
Ratio  Match 

APSRR 

Vs=+3Vto±1BV 

10 

51 

/iV/V 

NOTE: 

1.   Sample  tested. 
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MATCHING  CHARACTERISTICS  at  Vs  =  ±15V,  0°C  S  TA<  70SC,  unless  otherwise  noted. 


OP-207E 

OP-207F 

PARAMETER 

SYMBOL 

CONDITIONS 

KIN 

TVP  1 

MIN 

TVP 

MAX 

UNITS 

Input  Otftet  Voltage  Match 

AVos 

rs-  ioon 

60 

ISO 

120 

350 

Input  Offset  Voltage 
Tracking 

Without  External  Trim 
With  External  Trim 

TCAVos 

(Notel) 

RP°20kn<Note1| 

- 

0.5 

0.3 

1.0 
1.0 

- 

e.e 

0.4 

1.5 
1.3 

<iWC 

Average  Nonlnvertlng 
Bias  Current 

±2 

±8 

±3 

±10 

nA 

Averago  Drift  of  Non- 
Inverting  Bias  Current 

TCIg+ 

— 

10 

— 

— 

12 

pA/°C 

Nonlnvertlng  Offset 
Current 

l0s+ 

— 

2 

s 

— 

it 

nA 

Average  Drift  ol  Non- 
lnvertlng Offset 
Current 

TCIos* 

12 

15 

pATC 

Inverting  Offset  Current 

•os- 

2 

s 

3 

10 

nA 

Common-Mode  Relectlon 
Ratio  Match 

ACMRR 

Vcm-±13V 

too 

117 

94 

114 

dB 

Power  Supply  Rejection 
Ratio  Match 

APSRR 

V8  =  ±3Vto±1BV 

10 

51 

18 

100 

»iWV 

NOTE: 

1.  Sample  tested. 


BURN-IN  CIRCUIT 


OFFSET  NULLING  CIRCUIT 


;  '—  '  20M! 


Mkll 

6v* 


U-l 


i 

o 

s 

s 


5-285 


7/87,  Rev.  A1 
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INDIVIDUAL  AMPLIFIER  CHARACTERISTICS  at  Vs  =  +  15V.  TA=  25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-207A/E 
MIN     TYP  MAX 

MIN 

OP-207F 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

B3=ioon 



35 

100 

60  . 

200 

pV 

Input  Offset  Voltage 
Stability 

AVos/Time 

(Notel) 

- 

0.3 

1.5 

0.4 

20 

,iV/Mo 

Input  Offset  Current 

los 

0.9 

2.8 

15 

6.0' 

nA 

Input  Bias  Current 

l8 

- 

±1 

±3 

— 

±2 

±7 

nA 

Input  Noise  Voltage 

°np-p 

0.1Hz  to  10Hz  (Note  2) 

0.35 

0.6 

0.35 

o.e 

*Vp 

Input  Noise  vbltage 
Density 

»n 

f0  =  10Hz  (Note  2) 
f0=  100Hz  (Note  2) 
t0  =  1000Hz  (Note  2) 

— 

10.3 
10.0 
9.6 

1B.0 
13.0 

_ 

- 

10.3 
10.0 
9.6 

18.0 
13.0 

nV/v/HT 

Input  Noise  Current 

'np-p 

0.1Hz  to  10Hz  (Note  2) 

- 

14 

30 



14 

30 

pAp.p 

Input  Noise  Current 
Density 

*n 

f0  =  10Hz  (Note  2) 
f0=  100Hz  (Note  2) 
fo=  1000Hz  (Note  2) 

- 

0.32 
0.14 
0.12 

0.80 
0.23 

- 

0.32 
0.14 
0.12 

o.eo 

0.23 

paa/hT 

Input  Resistance  — 
Differential  Mode 

(Note  3) 

20 

60 

e 

30 

_ 

Input  Resistance  — 
Common-Mode 

^  IN  CM 

- 

200 

- 

_ 

120 

Gfl 

Input  vbltage  Range 

IVR 

±13 

■  ±14 

— 

±13 

±14 

- 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±13V 

106 

123 



too 

120 

dB 

Power  Supply  Rejection 
Ratio 

PSRR 

Vs  =  ±3Vto±18V 

5 

20 

— 

7 

32 

MV/V 

Large-Signal  Voltage 
Gain 

ATO 

RL>2kn,  Vo=±10V  \ 

200 

500 

- 

150 

400 

V/mV 

Output  Voltage  Swing 

Vo 

rl>  iokn 

RL>2kfl 
RL>1kn 

±12.5 
±12.0 
±10.0 

±13.0 
±12.8 
±12.0 



±12.5 
±12.0 
±10.0 

±13.0 
±12.8 
±120 

- 

V 

Slew  Rate 

SR 

RL>2kfl 

0.2 

0.2 

V/|lS 

Closed-Loop  Bandwidth 

BW 

AvCL  =  +1 

0.6 

0.6 

MHz 

Open-Loop  Output 
Resistance 

Ro 

Vo=0.l0  =  0 

60 

60 

n 

Power  Consumption 

Pd 

No  Load.  Both  Amplifiers 

180 

240 

200 

300 

mw 

Offset  Adjustment  Range 

RP  =  20kfl 

±4 

±4 

mV 

Input  Capacitance 

6 

8 

PF 

NOTES: 

1.  Long-Term  Input  Offset  Vbltage  Stability  refers  to  the  averaged  trend  line 
of  Vos  vs.  Time  over  extended  periods  after  the  first  30  days  of  operation. 
Excluding  the  initial  hour  of  operation,  changes  in  Vos  during  the  first  30 
operating  days  are  typically  2.5pV.  Parameter  is  sample  tested. 

2.  Sample  tested. 

3.  Guaranteed  by  design. 
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INDIVIDUAL  AMPLIFIER  CHARACTERISTICS  at  Vs  =  ±  15V,  -S5°C  <  TA  <  125°C,  unless  otherwise  noted. 


OP-207A 

PARAMETER  , 

,  SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Rs=ioon 

— 

75 

230 

dV 

Average  Input  Offset 

Voltage  Drllt 

Without  External  Trim 
■  Wrttf  External  Trim 

TCVrte 

RP°20kn  {Notes  1.2] 

■  _ 

0.4 
•  0.4 

1.3 

/iWC 

Input  Offset  Current 

'os 

- 

1.8 

5.6 

nA 

Average  Input  Offset 
Current  Drift 

TCI0S 

10 

pA/»C 

Input  Bias  Current 

la 

±3.0 

±5.6 

nA 

Average  Input  Bias 
Current  Orilt 

TCIB 

[. .  _ 

12 



>  pA/°C 

input  Voltage  Range 

IVR 

±13 

±13.5 

y 

Common-Mode 
Rejection' Ratio 

CMRR 

>VCM  =  ±13V 

103 

120 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±3Vto±1BV 

7 

32 

Large-Signa/  Voltage 
Gain 

Avo 

RL  >2kfl.  Vo  =±10V 

150 

400 

V/mV 

Output  Voltage  Swing 

RL2  2k(l 

±12.0 

+  12.8 

V 

INDIVIDUAL  AMPLIFIER  CHARACTERISTICS  at  Vs= 

±15V,  0°C  <  TA<  70°  C,  unless  otherwise  noted. 

OP-207E 

OP-207F 

PARAMETER 

SYMBOL 

CONDITIONS 

MEN 

TYP  MAX 

MEN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

vos  • 

Rs  =  ioon 

60 

200 

90 

350 

Average  Input  Offset 

VortageOrift 

Without  External  Trim 

*  TCV0S 

.  RP  =  20kn  (Notes  1,2) 

0.4 

1.3 

0.7 

1.8 

iiwc 

With  External  Trim 

TCV0Sn 

0.4 

0.7 

Input  Offset  Current.  __ 

•os 

1.4 

5 

2.5 

10 

nA 

Average  Input  Offset 
,  Current  Orift 

TCIos 

10 

12 

pA/°C 

Input  Bias  Current 

>b 

±2 

±5 

±3 

±11 

nA 

Average  Input  Bias 
Current  Drift 

tcib 

12 

18 

pA/»C 

Input  Voltage  Range 

IVR 

±13 

±13.5 

±13 

±13.5 

V 

Common-Mode 
Re/ectfon  Ratio 

CMRR 

VCM  =  "±13V 

103 

120 

97 

117 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±3Vto±18V 

7 

32 

10 

51 

(iWV 

Large-Signa/  Voltage 
Gain 

Avo 

RL>2kn.  V0=±10V 

150 

400 

120 

350 

WmV 

Output  Voltage  Swing 

Vo 

RL>2kO 

±12.0 

±12.8 

±12.0 

±12.8 

V 

NOTES: 

1.  Exclude  first  hour  of  operation  to  allow  for  stabilization  of  external 
circuitry. 

2.  Sample  tested. 
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APPLICATION  OF  DUAL  MATCHED  OPERATIONAL 
AMPLIFIERS 

ADVANTAGES  OF  DUAL  MATCHED  OPERATIONAL 
AMPLIFIERS 

Dual  matched  operational  amplifiers  provide  a  powerful  tool 
for  the  solution  of  some  difficult  circuit  design  problems. 
Circuits  Include  true  Instrumentation  amplifiers,  extremely 
low  drift,  high  common-mode  rejection  DC  amplifiers,  low 
DC  drift  active  filters,  dual  tracking  voltage  references,  and 
many  other  demanding  applications.  These  designs  all 
require  good  matching  between  two  operational  amplifiers. 

The  circuit  below,  a  differentlal-in,  differential-out  amplifier, 
shows  how  errors  can  be  reduced.  Assuming  the  resistors 
used  are  matched,  the  gain  of  each  side  will  be  Identical;  If  the 
offset  voltage  of  each  amplifier  Is  matched,  then  the  net 
differential  voltage  at  the  amplifiers  output  will  be  zero.  Note 
that  the  output  offset  error  of  this  amplifier  is  not  a  function  of 
the  offset  voltage  of  the  Individual  amplifiers,  but  only  a 
function  of  the  difference  between  the  amplifiers'  offset 
voltages.  This  error-cancellation  principle  holds  fora  number 
of  input-referred  error  parameters  —  offset  voltage,  offset 
voltage  drift,  Inverting  and  nonlnvertlng  bias  currents, 


-vWA 


common-mode  and  power  supply  rejection  ratios.  Note  also 
that  the  impedances  of  each  Input,  both  common-mode  and 
differential-mode,  are  extremely  high,  an  Important  feature 
not  possible  with  single  operational  amplifier  circuits. 
Common-mode  rejection  can  be  made  exceptionally  high; 
this  Is  very  important  In  instrumentation  amplifiers  where 
errors  due  to  large  common-mode  voltages  can  be  far  greater 
than  errors  due  to  noise  or  drift  with  temperature.  For  exam- 
ple, consider  the  case  of  two  op  amps,  each  with  80dB 
(100>V/V)  CMRR.  If  the  CMRR  of  one  device  Is  +  100>V/V 
CMRR  and  the  other  is-100/iWV,  then  the  net  CMRR  will  be 
200fiV7V,  a  6dB  degradation.  The  matching  of  CMRR 
Increases  the  effective  CMRR  when  used  as  an  Instrumenta- 
tion input  stage. 

POWER  SUPPLIES 

The  V+  supply  terminals  are  completely  independent  and 
may  be  powered  by  separate  supplies  if  desired.  However, 
this  approach  would  sacrifice  the  advantages  of  the  power- 
supply-rejection-ratio  matching.  The  V-supply  terminals  are 
both  connected  to  the  common  substrate  and  must  be  tied  to 
the  same  voltage. 

OFFSET  TRIMMING 

Offset  voltage  trimming  Is  provided  for  each  amplifier. 
Guaranteed  performance  over  temperature  isobtained  by  trim- 
ming one  side  (side  A)  to  match  the  offset  of  the  other.  A  net 
differential  offset  of  zero  results.  This  procedure  Is  used 
during  factory  testing  of  the  devices.  The  same  results  are 
obtained  by  trimming  side  B  to  match  side  A  or  by  nulling 
each  side  individually. 

The  OP-207  Is  designed  to  provide  best  drift  performance 
when  trimmed  with  a  20M1  potentiometer;  this  value  provides 
about  ±4m  V  of  adjustment  range  which  is  adequate  for  most 
applications.  Trimming  resolution  can  be  Increased  by  use  of 
the  circuit  shown  below. 
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Precision  Monolithics  Inc. 


OP- 215 


DUAL  PRECISION  JFET-INPUT 
OPERATIONAL  AMPLIFIER 


FEATURES 

•  High  Slew  Rale    10V//js  Min 

•  Fasl  Settling  Time   0.9^s  to  0.1%  Typ 

•  Low  Input  OUset  Voltage  Drift   10uV/°C  Max 

•  Wide  Bandwidth   3.5MHz  Min 

•  Temperature-Compensated  Input  Bias  Currents 

•  Guaranteed  Input  Bias  Current   18nA  Max  (125°C) 

•  Bias  Current  Specified  Warmed-Up  Over  Temperature 

•  Low  Input  Noise  Current    0.01pA/\  Hz  Typ 

•  High  Common-Mode  Rejection  Ratio   86dB  Min 

•  Pin  Compatible  With  Standard  Dual  Pinouts 

•  125°C  Temperature  Tested  DICE 

•  Models  With  MIL-STD-883  Class  B  Processing  Available 
ORDERING  INFORMATION! 


TA=25°C 

HERMETIC 

OPERATING 

Vos  MAX 

TO-99 

DIP 

LCC 

TEMPERATURE 

(mV) 

6-PIN 

6-PIN 

20-PIN 

RANGE 

1.0 

OP215AJ- 

OP215AZ- 

MIL 

1.0 

OP215EJ 

OP215EZ 

COM 

2.0 

OP215BJ- 

OP215BZ1 

OP215BRC/883 

MIL 

2.0 

OP215FJ 

OP215FZ 

COM 

4.0 

OP215CJ/863 

OP215CZ/883 

MIL 

6.0 

OP215GZ 

COM 

"For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  alter 

part  number.  Consult  lactory  for  883  data  sheet, 
f  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book.  Section  2. 


GENERAL  DESCRIPTION 

The  OP-215  offers  the  proven  JFET-input  performance  ad- 
vantages of  high  speed  and  low  input  bias  current  with  the 


tracking  and  convenience  advantages  of  a  dual  op-amp 
configuration. 

Low  input  offset  voltages,  low  input  currents,  and  low  drift  are 
featured  in  these  high-speed  amplifiers. 

On-chip  zener-zap  trimming  is  used  to  achieve  low  Voswhile 
a  bias-current  compensation  scheme  gives  a  low  input  bias 
current  at  elevated  temperatures.  Thus  the  OP-215  features 
an  input  bias  current  of  18nA  at  125°C  ambient  not  junction 
temperature  which  greatly  extends  the  application  useful- 
ness of  this  device. 

Applications  include  high-speed  amplifiers  for  current  output 
□ACs,  active  fillers,  sample-and-hold  buffers,  and  photocell 
amplifiers.  For  additional  precision  JFET  op  amps,  see  the 
OP-15/16/17  data  sheet. 

PIN  CONNECTIONS 


s  ^  i  » 


TO-99 
(J-Suffix) 


JJ  [»  OUT  HI 

JJ  E  »t. 

JJ  [TT  «t 

7]  07  OUT  |6] 

HI3EUh1M> 


LCC  PACKAGE 
(RC-Suffix) 

■V+  (A)  &  V+  iB  INTER- 
NALLY CONNECTED. 

8-PIN  HERMETIC  DIP 
(Z-Suffix) 


PC 

Uj 


< 

2 
O 

pC 
O 


SIMPLIFIED  SCHEMATIC  (1/2  OP-215) 


j7i_j  MJU 


rN, 


•Mill 

li:  nHAI1[  tltCTflONICALLV  AU/UiTfcD 
ON  Our-  roH  minimum  nr  r  r.l  T  VOLT  Act 
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AB80LUTE  MAXIMUM  RATING8  (Note  2) 

Supply  Voltage 
OP-215A,  OP-215B,  OP-215E,  OP-215F 

(All  DICE  except  GR)   ±22V 

OP-215C,  OP-215G  (GR  DICE  only)  ±18V 

Internal  Power  Dissipation  (Note  1)    SOOmW 

Operating  Temperature  Range 

OP-215A,  OP-215B,  OP-215C    -55°C  to  +125°C 

OP-215E,  OP-215F,  OP-215G   0°C  to  +70°C 

Maximum  Junction  Temperature  (Tj)  +150°C 

Differential  Input  Voltage 

oSSS:  (A" DICE  axcept  QR)  ±40V 

OP-21SC,  OP-21SG  (QR  DICE  only)  ±30V 

Input  Voltage 

wSltS™*:    (AM  D'CE:  except  GR)  ±20V 

OP-215C,  OP-215Q  (QR  DICE  only)  ±16V 


(Unless  otherwise  specified  the  absolute  maximum  nega- 
tive input  voltage  is  equal  to  the  negative  power  supply 
voltage.) 

Output  Short-Clrcuit  Duration   Indefinite 

Storage  Temperature  Range    -65sCto+150°C 

Lead  Temperature  (Soldering.  60  sec)    300°  C 

DICE  Junction  Temperature  (Tj)   -65°C  to+150°C 

NOTES; 

1.  See  table  lor  maximum  ambient  temperature  rating  and  derating  laotor. 

MAXIMUM  AMBIENT       DERATE  ABOVE 
TEMPERATURE        MAXIMUM  AMBIENT 
PACKAGE  TYPE  FOR  RATING  TEMPERATURE 

ao-pin  lcc  (RC)  etrc  7,smw/°c 

TO-89  [J)  SVC  7,1mW/"C 

8-Pln  Hermetic  DIP  (Z)  7S*C  6,7mW/*C 

2.  Absolute  maximum  ratings  apply  to  both  packaged  parts  and  DICE,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs = ±  15V,  TA = 25°  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-215A/E 
MIN     TYP  MAX 

OP-21SB/F 
MIN     TYP  MAX 

OP-215C/Q 
MIN     TYP  MAX 

UNITS 

Input  Offset  Voltage 

vOS 

R8  =  60n 
'G'  Grade 

0.2 

10 

0.8 

2.0 

20 

to 

4j0 
60 

mv 

Input  Offset  Current 

'OS 

T|°25*C|Note1) 
Device  Operating 

- 

3 
5 

50 
100 

- 

3 
5 

60 
100 

- 

3 
5 

100 
200 

pA 

Input  Bias  Current 

In 

T|  =  25'C(N0191) 
Device  Operating 

±15 
±18 

±100 
±300 

±15 
±18 

±200 
±400 

±15 
±18 

±300 
±600 

pA 

Input  Resistance 

"in 

10" 

to" 

10" 

n 

Large-Signal  Voltage 
Gain 

*vo 

RL22kn 
Vo  =  ±10V 

150 

500 

76 

220 

60 

200 

V/mV 

Output  Voltage 
Swing 

Vo 

RL°10kn 
RL-2M1 

±12 
±11 

±13 
±12.7 

±12 
±11 

±13 
±12.7 

±12 
±11 

±13 
±12.7 

V 

Supply  Current 

l»Y 

'G'  Grade 

6.0 

8.5 

6.0 

8.5 

7.0 
7.0 

'  10j0 
12.0 

mA 

Slew  Rate 

SR 

Avcl"+1 

10 

18 

7.5 

18 

5 

15 

V/ja 

Gain  Bandwidth 
Product 

GBW 

(Note  31 

3.5 

5.7 

30 

5.7 

3.0 

5.4 

MHz 

Closed-Loop 
Bandwidth 

CLBW 

AVCL  =+1 

13 

13 

12 

MHZ 

Settling  Time 

<8 

to0j0t% 

to  0.05*  (Note  2) 
to  0.10* 

2.3 
1.1 
0.9 

24 
1.1 
0.9 

2.4 

1* 
1.0 

*s 

Input  Voltage  Range 

IVR 

+10.2 
-10.2 

+14.8 
-11.5 

+10.2 
-10* 

+14.8 
-11.6 

+10.1 
-10.1 

+14.8 
-11.5 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

u. .. m  A.B.C  Grades 
Vcu  =  ±IVR  _  _  „„  _ 
E,  F.  G  Grades 

86 
82 

100 
100 

66 
82 

100 
100 

82 
80 

96 
96 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

V8-±10Vto±18V 
Vg-±10Vto±15V 

10 

51 

10 

80 

18 

too 

MWV 

Input  Noise  Voltage 
Density 

«n 

fo-100HZ 
l0-  1000Hz 

20 
15 

20 
16 

20 
15 

nViVHT 

Input  Noise  Current 
Density 

>n 

l0-  100Hz 

i0-  toooHi 

0.01 
0.01 

OXI1 
0.01 

0.01 
0.01 

pa/x/hT 

Input  Capacitance 

C|N 

3 

3 

3 

pF 

5-290 


10/87,  Rev.  A2 


OP-215  DUAL  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  -55°  C  <  TA  <  + 125°  C,  unless  otherwise  noted. 


OP-21SA 

OP-21SB 

OP-21SC 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Otlttot  Voltage 

v0s 

Rs=50n 

0.5 

2.0 

- 

1.5 

3.0 

- 

3.0 

6.0 

mV 

Average  Input  Offset 

Voltage  Drift 

Without  External  Trim 

TCV0S 

(Note  3) 

3 

10 

3 

10 

6 

(iWC 

With  External  Trim 

TCVosn 

Rp=  100kn 

3 

- 

3 

- 

- 

4 

- 

Input  Offset  Current 

T|  =  +125'C 

0  8 

8 

_ 

0.8 

8 

1.0 

12 

nA 

iNole  1i 

los 

TA  =  + 1 25*C.  Device  Operating  — 

1.2 

14 

— 

1.2 

14 

1.5 

22 

Input  Bias  Current 

Tj  =  +  125'C 

±1.5 

±10 

±1.5 

±10 

±1.8 

±15 

nA 

iNoteli 

lB 

TA  =  +125'C.  Device  Operating  — 

±2.2 

±18 

±2.2 

±18 

±2.7 

±28 

Input  Voltage  Range 

IVR 

+  10.2 
-10.2 

+14.6 
-11.3 

- 

+  10.2 
-10.2 

+14.6 
-11.3 

t 10  1 

-10.1 

+  14.6 
-11.3 

- 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

vcu  =  ±lvn 

62 

97 

82 

97 

80 

93 

dB 

Power  Supply 

PSRR 

Va  =  ±10Vto±16V 

10 

100 

15 

100 

(iV/V 

Relectlon  Ratio 

Vs  =  ±10Vto±15V 

23 

126 

Largo-Signal 
Voltage  Gain 

Avo 

RL2  2kn 
Vo=±10V 

30 

110 

30 

110 

25 

100 

WmV 

Output  Voltage 
Swing 

Vo 

RLstOkn 

±12 

±13 

±12 

±13 

±12 

±13 

V 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1SV.  0°C  <  TA<  +70° C,  unless  otherwise  noted. 

OP-21SE 

OP-21SF 

OP-21SG 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  voltage 

vos 

Rs=60tl 

0.4 

1.65 

1.4 

2.65 

3.5 

6.0 

mV 

Average  Input  Offset 

Voltage  Drill 

Without  External  Trim 

TCVqs 

(Note  3) 

3 

15 

3 

15 

6 

nWC 

With  External  Trim 

TCVosn 

Rp=  100kn 

3 

3 

4 

Input  Ollset  Current 

T|  =  +70'C 

O.06 

0.45 

0  06 

0.45 

008 

0.65 

nA 

i  Note  1  > 

los 

TA  =  +70°C.  Devlco  Operating 

O.0B 

0.80 

0.08 

0.80 

010 

1.2 

Input  Bias  Current 

Tj  =  +70°C 

±0.12 

±0.70 

±0.12 

±0.70 

±0.14 

±0.9 

nA 

iNole  1 1 

Ib 

TA  =  +70°C.  Devtco  Operating 

±0.16 

±1.40 

±0.16 

±1.40 

±0.19 

±1.8 

Input  Voltage  Rango 

IVR 

+10.2 
-10.2 

+14.7 
-11.4 

+10.2 
-10.2 

+  14.7 
-11.4 

+  10.1 
-10.1 

+  14.7 
-11.3 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±IVR 

80 

98 

60 

98 

76 

94 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±10Vto±16V 
Vs=±10Vto±15V 

13 

100 

13 

100 

20 

159 

iiV/V 

Large-Signal 

Ayo 

R(.£2kn 

SO 

160 

50 

160 

35 

130 

WmV 

voltage  Gain 

Vo  =  ±10V 

Output  voltage 
Swing 

Vo 

RLstokn 

±12 

±13 

±12 

±13 

±12 

±13 

V 

NOTES: 

1.  Input  bias  current  Is  specified  for  two  different  conditions.  The  Tj  =  25°  C 
specification  is  with  the  junction  at  ambient  temperature;  the  Device 
Operating  specification  is  with  the  device  operating  in  a  warmed-up 
condition  at  25" C  ambient.  The  warmed-up  bias  current  value  is  corre- 
lated to  the  junction  temperature  value  via  the  curves  of  I B  vs.  Tj  and  lBvs. 
TA.  PMI  has  a  bias  current  compensation  circuit  which  gives  improved 
biascurrent  and  bias  current  over  temperature  vs.  standard  JFET  input  op 
amps.  IB  and  l03  are  measured  at  VCM  =  0. 


Settling  time  Isdefined  here  for  a  unity  gain  inverter  connection  using  2kft 
resistors.  It  Is  the  time  required  for  the  error  voltage  (the  voltage  at  the 
Inverting  input  pin  on  the  amplifier)  to  settle  to  within  a  specified  percent  of 
its  final  value  from  the  time  a  10V  step  input  is  applied  to  the  inverter.  See 
settling  time  test  circuit. 
Sample  tested. 


hH 

PL, 

□ 

i 

O 

h 


UL) 
C 

O 
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PMI> 


OP-215  DUAL  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS  (125°C  TESTED  DICE  AVAILABLE) 


mm 


1.  INVERTING  INPUT  (A)  B.  NULL  (B) 

2.  NONINVERTING  INPUT  (A)  9.  V+ 

3.  NULL  (A)  10.  V0(B) 

4.  V-  11.  V+ 

5.  NULL  (B)  12.  V0(A) 

6.  NONINVERTING  INPUT  (B)  13.  V 

7.  INVERTING  INPUT  (B)  14.  NULL  (A) 

ALL  V+  PADS  ARE  INTERNALLY  CONNECTED. 

DIE  SIZE  0.110  x  0.075  inch,  8250  sq.  mils  (2.79  x  1.91  mm,  5.33  sq.  mm) 

For  additional  DICE  ordering  information,  reler  to  19B8  Data  Book.  Section  2. 


WAFER  TEST  LIMITS  at  Vs=  ±15V,  TA=  25° C  for  OP-215N,  OP-215G  and  OP-215GR  devices;  TA=  125°  C  for  OP-215NT  and 
OP-215GT  devices,  unless  otherwise  noted. 


OP-215NT 

OP-215N 

OP-215GT 

OP-215G 

OP-215GR 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

Rs=50n 

2 

1 

3 

2 

6 

mV  MAX 

Input  Bias  Current 

'b 

±18 

±18 

nA  MAX 

Input  Offset  Current 

'OS 

14 

14 

nA  MAX 

Large-Signal 
Voltage  Gain 

Avo 

Vo=±10V. 
RL  =  2kfl 

30 

150 

30 

75 

50 

V/mV  MIN 

Input  Voltage  Range 

IVR 

±10.2 

±10.2 

±10.2 

±10.2 

±10.1 

VMIN 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±IVR 

82 

86 

82 

86 

82 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±10  to  ±  16V 
Vs=±10  to±15V 

100 

51 

100 

80 

100 

nV/V  MAX 

Output  Voltage  Swing 

Vo 

RL=  10kll 
RL  =  2kfl 

±12 

±12 
±11 

±12 

±12 
±11 

±12 
±11 

VMIN 

Supply  Current 

'sr 

8.5 

8.5 

12.0 

mA  MAX 

NOTES: 

For  25°C  characteristics  of  NT  &  GT  devices,  see  N  &  G  characteristics  respectively. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  TA  =  +25°C,  unless  otherwise  noted. 


OP-215NT 

OP-215N 

OP-215GT 

OP-215G 

OP-215GR 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

TYPICAL 

TYPICAL 

TYPICAL 

TYPICAL 

UNITS 

Average  Input 
Offset  Voltage  Drilt 

TCV0S 

Unnulled 
Rp=  100kil 

2 

2 

3 

3 

4 

liWC 

Average  Input 
Offset  Voltage  Drilt 

TCV0S„ 

Nulled 
RP=  lOOktl 

0.5 

0.5 

1 

1 

2 

iivrc 

Input  Offset  Current 

I  OS 

3 

3 

3 

3 

3 

pA 

Input  Bias  Current 

E? 

±15 

±15 

±15 

±15 

±15 

PA 

Slew  Rate 

SR 

AVCL=  +  1 

17 

17 

16 

16 

15 

V/^s 

to  0.01% 

2.2 

2.2 

2.3 

2.3 

2.4 

Settling  Time 

's 

to  0.05% 

1.1 

1.1 

1.1 

1.1 

1.2 

to  0.10% 

0.9 

0.9 

0.9 

0.9 

1.0 

GBW  6.0  6.0  5.7  5.7  5.4 


Closed-Loop 
Bandwidth 

CLBW 

AVCL=+1 

14 

14 

13 

13 

12 

MHz 

Input  Noise 
Voltage  Density 

«n 

f0=  100Hz 
f0=  1000Hz 

20 
15 

20 
15 

20 
15 

20 
15 

20 
15 

nV/x/Hz 

Input  Noise 
Current  Density 

In 

f0=  100Hz 
f0=  1000Hz 

0.01 

0.01 

0.01 

0.01 

0.01 

pA/\/H7 

Input  Capacitance 

CiN 

3 

3 

3 

3 

3 

pF 

5-292  10/87,  Rev.  A2 


OP-215  DUAL  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


MAXIMUM  OUTPUT  SWING  COMMON-MODE  REJECTION 

FREQUENCY  SLEW  RATE  vs  TEMPERATURE  RATIO  vs  FREQUENCY 


1001,  1M  IBM  -'A  D         a        M         re        IM      U&  1         10       100       Ik       10k     IDOk     1M     10M  100M 

FREQUENCY <Hll  AMBIENT  TEMPERATURE  (°C)  FREQUENCY  |Hl) 
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OP-215  DUAL  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


POWER  SUPPLY  REJECTION 
vs  FREQUENCY 


— V 

■  JS*C_ 

N 

•OATIV 
W>LY 

POSIT 

VE  

V 

SI 

isum. 

III  10k  100k 
FREQUENCY  IHil 


OUTPUT  IMPEDANCE 
vs  FREQUENCY 

,0o|   I  Mil 


VOLTAGE  NOISE  DENSITY 
vs  FREQUENCY 


FREQUENCY  (Hi) 


BASIC  CONNECTIONS 
SETTLING  TIME  TEST  CIRCUIT 


Z^IOOpF 

an 
-WV- 


|*2N4416 


-°vOUT 


(PINOUT  FOR  "J-  AND  T  PACKAGES  ONLY) 


SLEW  RATE  TEST  CIRCUIT 


(PINOUT  FOR  "J"  AND  "Z"  PACKAGES  ONLY) 


INPUT  OFFSET  VOLTAGE  NULLING 


NOTE: 

Vqs  CAN  8£  TRIMMED  WITH  POTENTIOMETERS  RANQING  FROM 
lOktl  TO  IMa  FOR  MOST  UNITS  TCVqj  HILL  BE  MINIMUM  WHEN 
Vos  IS  ADJUSTED  WITH  A  100U1  POTENTIOMETER. 

("V*  PACKAGE  ONLY) 


5-294 


10/87,  Rev.  A2 


-Ipm!) 


OP-215  DUAL  PRECISION  JFET-INPUT  OPERATIONAL  AMPLIFIER 


BASIC  CONNECTIONS 
BURN-IN  CIRCUIT 


io»n  > 


notes: 

1.  Tfl  -  I25'C;TO*150'C 

2.  RESISTORS  ARE  TYPE 
RN5SD.  t1% 


nun 


Ukfl 

— «w- 


("J"  AND  "Z"  PACKAGES  ONLY) 


("RC"  PACKAGE) 


S3 


2 
O 

S3 

C 

o 


APPLICATIONS  INFORMATION 

DYNAMIC  OPERATING  CONSIDERATIONS 

As  with  most  amplifiers,  care  should  be  taken  with  lead  dress, 
component 'placement  and  supply  decoupling  in  order  to 
ensure  stability.  For  example,  resistors  from  the.output  to  an 
input  should  be'  placed  with  the  body  close  to  the  input  to 
minimize  "pick-up"  and  maximize  the  frequency  of  the 
feedback  pole  by  minimizing  the  capacitance  from  the  input 
to  ground. 

A  feedback  pole  is  created  when  the  feedback  around  any 
amplifier  is  resistive.  The  parallel  resistance  and  capacitance 
from  the  input  of  the  device  (usually  the  inverting  input)  to 


ACground  sets  the  frequency  of  the  pole.  In  many  instances, 
the  frequency  of  this  pole  is  much  greater  than  the  expected 
3dB  frequency  of  the  closed-loop  gain  and  consequently 
there  is  negligible  effect  on  stability  margin.  However,  if  the 
feedback  pole  is  less  than  approximately  six  times  the 
expected  3dB  frequency,  a  lead  capacitor  should  be  placed 
from  the  output  to  the  negative  input  of  the  op  amp.  The  value 
of  the  added  capacitor  should  be  such  that  the  RC  time 
constant  of  this  capacitor  and  the  resistance  it  parallels  is 
greater  than,  or  equal  to,  the  original  feedback-pole  time 
constant. 
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■Ipmi)  OP- 220 

DUAL  MICROPOWER  OPERATIONAL  AMPLIFIER 
(SINGLE  OR  DUAL  SUPPLY) 


Precision  Monolithics  Inc. 


FEATURES 

•  Excellent  TCV0S  Match   2jiV/°C  Max 

•  Low  Input  Offset  Voltage   150/tV  Max 

•  Low  Supply  Current   IOOjiA 

•  Single-Supply  Operation   +SVto+30V 

•  Low  Input  Offset  Voltage  Drift    0.75m V/°C 

•  High  Open-Loop  Gain   2000V/mV 

•  High  PSRR    3/iV/V 

•  Low  Input  Bias  Current   12nA 

•  Wide  Common-Mode  Voltage 

Range   V-  to  within  1.SV  of  V+ 

•  Pin  Compatible  with  1458,  LM1S8,  LM2904 


GENERAL  DESCRIPTION 

The  OP-220  is  a  monolithic  dual  operational  amplifier  that 
can  be  used  either  in  single  or  dual  supply  operation.  The  low 
offset  voltage,  and  input  offset  voltage  tracking  as  low  as 
1.0>V/°C,  make  this  the  first  micropower  precision  dual 
operational  amplifier. 

The  excellent  specifications  of  the  individual  amplifiers  com- 
bined with  the  tight  matching  and  temperature  tracking 
between  channels  provides  high  performance  in  instrumen- 
tation amplifier  designs.  The  individual  amplifiers  feature 
extremely  low  input  offset  voltage,  low  offset  voltage  drift, 
low  noise  voltage,  and  low  bias  current.  They  are  fully 
compensated  and  protected. 

Matching  between  channels  is  provided  on  ail  critical 
parameters  including  input  offset  voltage,  tracking  of  offset 
voltage  vs.  temperature,  non-inverting  bias  currents,  and 
common-mode  rejection  ratios. 


ORDERING  INFORMATION 


PACKAGE 


TA  =  25°C 

HERMETIC 

HERMETIC 

OPERATING 

V0SMAX 

TO-99 

DIP 

TEMPERATURE 

<fV) 

8-PIN 

8-PIN 

RANGE 

150 

OP220AJ* 

OP220AZ 

MIL 

150 

OP220EZ 

IND 

300 

OP220BJ 

MIL 

300 

OP220FZ 

IND 

750 

OP220CJ* 

OP220CZ 

MIL 

750 

OP220GJ 

OP220GZ 

IND 

'  For  devices  processed  In  total  compliance  to  MIL-STD-883.  add  /883  after 
part  number.  Consult  factory  for  883  data  sheet. 

t  Burn-in  is  available  on  commercial  and  Industrial  temperature  range  parts  In 
cerdip.  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1B38 
Data  Book.  Section  2. 


PIN  CONNECTIONS 


OUT  (Al  1  rt?" 

I  /* 

-INtAUO— T" 

•IN  IAI  JC^ 

7  OUT  IB! 
■OO-tNIBI 
5  'IN  IS] 

OUT  1*1  |T 
-INIA)  f7 
•INIAI  (T 

v-n 

If 

JJ  V* 
JJ  OUT  IB) 

Tj  -tN  ni 

JJ  HH  IBI 

4V- 

TO-99 
(J-Sufflx) 

8-PIN  HERMETIC  DIP 
(Z-Suftix) 

SIMPLIFIED  SCHEMATIC  (Each  Amplifier) 


CD      O  © 


-IN  o  IToi 

♦INO  


4 


•ACCESSIBLE  IN  CKtP  FORM  ONLY 


3 


— R 


CP 
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OP-220  DUAL  MICROPOWER  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage   ,   +18V 

Power  Dissipation   500mW 

Differential  Input  Voltage  /   30V  orSupply  Voltage 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range   -65°C  to  +  150°C 

Operating  Temperature  Range 

OP-220A,  B,  C   -S5°C  to  +125°C 

OP-220E,  F,  G   -250Cto+85°C 


Lead  Temperature  (Soldering,  60  sec)     300°  C 

DICE  Junction  Temperature  (T|)    -65°Cto+i50°C 

NOTE 

1.  Absolute  ratingsapply  to  both  DICE  and  packaged  parts,  unless  otherwise 
noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs=  ±2.5V  to  ±  15V,  TA  =  +25° C.  unless  otherwise  noted. 


OP-220A/E 

OP-220B/F  ' 

OP-220C/G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TVP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Olfset  Voltage 

Vos  ~ 

V8=±2.5Vtoil5V 

- 

120 

150 

- 

250 

300 

- 

500 

750 

«v 

Input  Offset  Current 

•os 

VCM  =  0 

_ 

0.15 

1.5 

0.2 

2 



0.2 

3.5 

nA 

Input  Bias  Current 

■b 

VCM  =  0 

12 

20 

13 

25 

14 

30 

.  nA 

Input  Voltage  Range 

IVR 

V+  =  5V,  V-  =  0V, 
VS  =  ±15V 

0/3.5 
-15/13.5 

0/3  5 

-15/13.5 

0/3.5 
-15/13.5 

V 

Common-Mode 

CMRR 

V+  =  5V,  V-  =  0V, 
0VSVCMS3.5V 

90 

100 

85 

90 

75 

85 

dB 

Rejection  Ratio 

V8=±15V. 
-15V<VCM<  13.5V 

95 

100 

90 

95 

80 

90 

Power  Supply 

PSRR 

V8=±2.5VtO±1SV 

3 

10 

10 

32 

32 

100 

jiV/V 

Rejection  Ratio 

V-  =  0V.  V+  =  5Vto30V 

6 

18 

18 

57 

57 

180 

Large-signal 
voltage  Gain 

A«o 

V+=  5V,  V-  =  0V.  RL=  100kn 

1V<V0<3.5V 

VS  =  ±15V,  RL=25kfl 

V„=±10V 

500 
1000 

1000 
2000 

500 
1000 

800 
2000 

300 
BOO 

500 
1600 

V/mV 

Output  Voltage 
Swing 

Vo 

V+  =  5V,V-  =  0V. 

RL=iokn 

V8=±15V.RL=»2Skn  .  ' 

0.7/4 
±14 

:  ■  0.7/4 
±14 

0.8/4 
±14 

V 

Slew  Rate 

SR 

RL=25kfl.  (NoteD 

0.05 

0.05 

0.05 

V/fis 

Bandwidth 

BW 

AVCL=+1,RL=25l(n 

200 

200 

200 

kHz 

Supply  Current 

V8  =  ±2.5V.  NoLoad 

100 

115 

115 

125 

125 

135 

J.A 

(Both  Amplifiers) 

'SY 

VS=+15V,  No  Load 

140 

170 

150 

190 

205 

220 

o 
o 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±2.5V  to  ±15V,  -55° C  <  TA<  +  125°C  for  OP-220A,  B,  and  C, 
-25°C  <  TA<  +85°C  for  OP-220  E,  F,  and  G,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-220A/E 
MIN     TYP  MAX 

OP-220B/F 

MIN     TYP  MAX 

OP-220C/G 

MIN      TYP  MAX 

UNITS 

Average  Input  Offset 
Voltage  Drift  (Note  1) 

TCV0S 

VS  =  ±15V 

0.75 

1.5 

1.2 

2 

2 

3 

pV/*C 

Input  Offset  Voltage 

Vos 

200 

300 

400 

500 

1000 

1300 

pV. 

input  Offset  Current 

'os 

VCM  =  0 

0.5 

2 

0.6 

2.5 

0.8 

5 

nA 

Input  Bias  Current 

■a 

VcM  =  0 

12 

25 

13 

30 

14 

40 

nA 

Input  Voltage  Range 

IVR 

V+  =  5V,  V-  =  0V, 
V8=±15V 

0/3.2 
-15/13.2 

0/3.2 
-15/13.2 

0/3.2 
-15/13.2 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

V+  =  5V.  V-=0V. 
0V<  VCM£3.2V 
V8=±1SV 
-15V<VcmS  13.2V 

85 
90 

90 
95 

80 
85 

85 
90 

70 
75 

80 
85 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±2.5VtO±1SV  • 
V-  =  0V.  V+  =  SVto30V 

6 
10 

18 
32 

18 

32 

57 
100 

57 
100 

180 
320 

,iV/V 
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OP-220  DUAL  MICRO  POWER  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±2.5V  to  ±  1SV,  -55°  C  S  TA  < + 125°  C  for  OP-220A,  B,  and  C. 
-25" C  <  TA  <  +85°C  for  OP-220  E,  F,  and  G,  unless  otherwise  noted.  (Continued) 


PARAMETER 

8VMBOL 

CONDITIONS 

AB  44AA  /C 

MIN     TVP  M 

AX 

OP-220B/F 
MIN     TYP  MAX 

OP-220C/G 
MIN     TYP  MAX 

UNITS 

Large-Signal 
Voltage  Qaln 

Ayo 

vs=±i6v,nL=soitn 

Vo  =  ±10V 

500  1000 

500  800 

400  500 

V/mV 

Output  Voltage 
Swing 

Vo 

V+=5V.  v-=ov. 
RL°20M) 

V8=±16V,  RL=50M1 

0.8/3.8  — 
±13.8  - 

0.9/3.8  — 
±133  - 

1/3.8  — 
±133  — 

V 

Supply  Current 
(Both  AmpURem) 

Isv 

Vs°  12.5V.  No  Load 
V8  =  ±1SV,NoLosd 

-  135 

-  190 

170 
250 

—  155 

-  200 

185 
280 

—  170 

—  275 

210 
330 

NOTE:  1.  Sample  tested. 

MATCHING  CHARACTERISTICS  at  Vs  = 

+15V,  TA=  25° C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

OP-220A/E 

MIN     TYP  M 

LAX 

OP-220B/F 
MIN     TYP  MAX 

OP-220C/G 

MIN     TYP  MAX 

UNITS 

Input  Offset 
Voltage  Match 

AVos 

—      150  300 

—  250 

500 

—  300 

600 

«v 

Average  Nonlnvertlng 
Bias  Current 

lB+ 

VCM  =  0 

—  10 

20 

-  15 

25 

—  20 

30 

nA 

Nonlnvertlng 
Offset  Current 

"os+ 

VCM°0 

-  0.7 

1.5 

—  1 

2 

—  1.4 

2.5 

nA 

Common-Mode 
Rejection  Ratio 
Match  (Note  1) 

ACMRR 

VcMa-1SV  to  +  13.5V 

92  100 

87  85 

72  85 

dB 

Power  Supply 
Rejection  Ratio 

APSRR 

VB=±2.5Vto±16V 

-  8 

14 

—  18 

44 

-  57 

140 

(iV/V 

Match  (Note  2) 


MATCHING  CHARACTERISTICS  at  Vs  =  ±15V,  -55°C  <  TA £  +125"C  for  OP-220A,  B  and  C;  -25"C  £  TA £  +850C  for 
OP-220  E,  F  and  G,  unless  otherwise  noted.  Grades  E,  F,  and  G  are  sample  tested. 


OP-220A/E 

OP-220B/F 

OP-220C/G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

MIN  TYP 

MAX 

MIN  TYP 

MAX 

UNITS 

Input  Offset 
Voltage  Match 

AV08 

-  250 

500 

—  400 

800 

-  800 

1800 

»V 

Input  Offset 
Voltage  Tracking 

TCiVos 

(Note  3) 

—  1 

2 

-  1.5 

3 

-  1.5 

5 

jiWC 

Average  Nonlnvertlng 
Bias  Current 

lB+ 

VCM  =  0 

-  10 

25 

-  15 

30 

—  22 

40 

nA 

Average  Drift  of 

Nonlnvertlng 

TCIB+ 

Vcu  =  0(Note3> 

-  15 

25 

-  15 

30 

-  30 

60 

pA/'C 

Bias  Current 

Nonlnvertlng 
Offset  Current 

"os+ 

Vcm  =  0 

—  0.7 

2 

—  1 

23 

—  2.5 

5 

nA 

Average  Drift  of 

Nonlnvertlng 

TCI03+ 

VcM°0(Note3| 

—  7 

15 

—  12 

22.5 

-  15 

30 

pA/'C 

Offset  Current 

Common-Mode 

Refection  Ratio 

ACMRR 

Vc«  =  -15Vto+13V 

87  88 

82  88 

72  80 

dB 

Match  (Note  1) 

Power  Supply 

Rejection  Ratio 

APSRR 

Vs  =  ±2.5Vto±15V 

-  10 

28 

—  30 

78 

—  57 

250 

(iV/V 

Match  (Note  2) 

'  Input-referred  differential  error 

1.  ACMRR  Is  20  log,0VCM/ACME.  where  Vcu  Is  the  voltage  applied  to  both  2.  APSRR  Is:  —  ^  

nonlnvertlng  Inputs  and  ACME  Is  the  difference  In  common-mode  8 

Input-referred  error.  3-  Sample  tested. 
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DICE  CHARACTERISTICS 


DIE  SIZE  0.097  X  0.063  Inch,  6111  sq.  mils 
(2.464  X  1.600  mm,  3.94  sq.  mm) 

NOTE:  All  V+  PADS  ARE  INTERNALLY  CONNECTED. 


1.  INVERTING  INPUT  (A) 

2.  NONINVERTING  INPUT  (A) 

3.  BALANCE  (A) 

4.  V- 

5.  BALANCE  (B) 

6.  NONINVERTING  INPUT  (B) 

7.  INVERTING  INPUT  (B) 
B.  BALANCE  (B) 

9.  V+ 

10.  OUT(B) 

11.  V  + 

12.  OUT  (A) 

13.  V  + 

14.  BALANCE  (A) 

For  additional  DICE  ordering  Inlormallon,  refer 
lo  1988  Dala  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs  =  ±2.5V  to  +15V,  TA  =  25° C  for  OP-220N,  OP-220G  and  OP-220GR  devices;  TA  =  125°C  for 
OP-221NT  devices,  unless  otherwise  noted. 


OP-22QNT 

OP-220N 

OP-220G 

OP-220GR 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Input  Offset  Voltage 

v0S 

350 

200 

500 

1000 

WV  MAX 

Input  Offset 
Voltage  Malch 

-iVos 

500 

300 

500 

600 

/iV  MAX 

Input  Olfset  Current 

•os 

VCM  =  0 

2.5 

2 

3.5 

5 

nA  MAX 

Input  Bias  Current 

'b 

VCM  =  ° 

30 

25 

30 

40 

nA  MAX 

Input  Voltage  Range 

IVR 

VS  =  ±15V 

-15/13.5 

-15/13.5 

-15/13.5 

-15/13.5 

V  MIN 

Common-Mode 
Rejection  Ratio 

CMRR 

V-  =  0V,  V+  =  5V,  0V  <  VCM  <  3.5V 
-15V  <  VCM<  13.5V.  VS  =  ±15V 

B3 
88 

88 
93 

83 
88 

75 
80 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

VS  =  ±2.5V  lo±15V 
V-  =  0V,  V+  =  5V  lo  30V 

22 
36 

12.5 
22.5 

40 
70 

100 
180 

jiV/V  MAX 

Large-Signal 

A„0 

RL  =  25kll.  VS  =  ±15V 
Vo  =  +  10V 

1000 

800 

500 

V/mV  MIN 

Voltage  Gain 

VS  =  ±15V.  RL  =  50k!) 
Vo  =  ±10V 

500 

V+  =  5V.  V-=  0V.  RL=  lOkll 

0.7/4 

0.8/4 

0.8/3.8 

Output  Voltage  Swing 

v0 

Vs  =  ±15V,RL=25k[l 

114 

±14 

±13.8 

V  MIN 

V+  =  5V.  V-  -  0V. 
RL  =  20kI! 

VS  =  +15V.  RL  =  50kll 

0.9/3.8 
+  13.8 

Supply  Current 

Vs  =  +2.5V.  No  Load 

170 

125 

135 

170 

liA,  MAX 

(Both  Amplifiers) 

'sv 

Vs=  ±15V.  No  Load 

250 

190 

220 

300 

t/3 
OS 


< 

2 
O 

Ui 
O 


NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variati 
for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based 


ons  in  assembly  methods  and  normal  yield  loss,  yield  afler  packaging  is  not  guaranteed 
on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  TA  =  +25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-220NT 

TYPICAL 

OP-220N 

TYPICAL 

OP-220G 
TYPICAL 

OP-220GR 
TYPICAL 

UNITS 

Average  Input  Offset 
Voltage  Drift 

TCV0S 

1.5 

1.5 

2 

3 

liV/'C 

Large-Signal 
Voltage  Gain 

Avo 

RL=  25kfl 

2000 

2000 

1600 

BOO 

V/mV 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


NORMALIZED  OFFSET 
VOLTAGE  vs  TEMPERATURE 


INPUT  OFFSET  VOLTAGE  ' 
vs  POWER  SUPPLY  VOLTAGE 


-50    -25       0        2S      GO       75      100  125 
TEMPERATURE  <*C) 


60 
40 
20 
0 
-20 

-25 

C 

-40 

—60 

00 

a  00 

a  to 
< 

o  60 

|  60 

2  40 

s  „ 

30 
20 


OPEN-LOOP  GAIN 
vs  TEMPERATURE 


V 

l"«5V 

10 

Hi 

—10 

Hi- 

—  Ill 

Hi- 

tO  112  tt6 
POWER  SUPPLY  VOLTAOE  (VOLTS) 


-76  -50   -25      0      25     60     75     100  125 
TEMPERATURE  CO 


$  • 

3 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


1 

t16V 

INPUT  OFFSET  CURRENT 
vs TEMPERATURE 


TOO 
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500 
400 

— I 

V 

I — I 
■  t1 

I — 
sv 

300 
200 

too 
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200 
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t 

$  too 


SUPPLY  CURRENT 
vs  SUPPLY  VOLTAGE 


a-'« 

'a-- 

«*c 

TEMPERATURE  CO 


TEMPERATURE  |*C) 


t2J5      ±5      ±7.S     tlO    ±12.5     US  ±17.5 
SUPPLY  VOLTAGE  (VOLTS) 


CMMR  vs  FREQUENCY 


1 

Ta 

vs 

■25*C 
•  115V 

PSRR  vs  FREQUENCY 


-25'C 

VS 

-tISV 

X*PSR 

1 

-PSRR 

FREQUENCY  (Hi) 


100  Ik 
FREQUENCY  IHil 


MAXIMUM  OUTPUT  VOLTAGE 
vs  LOAD  RESISTANCE 


Ta 

-z 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


OPEN-LOOP  VOLTAGE  GAIN 
AND  PHASE  vs  FREQUENCY 
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MAXIMUM  OUTPUT  SWING 
vs  FREQUENCY 
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SLEW  RATE  vs 
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FREQUENCY  (Hil 


-75    -50    -25     0      25     50      75    100    125  150 
TEMPERATURE  ('CI 


5-301 


8/87,  Rev.  B 


OP-220  DUAL  MICRO  POWER  OPERATIONAL  AMPLIFIER 


INSTRUMENTATION  AMPLIFIER  APPLICATIONS 
OF  THE  OP-220 

TWO-OP-AMP  CONFIGURATION 

The  excellent  input  characteristics  of  the  OP-220  make  it 
Ideal  for  use  in  Instrumentation  amplifier  configurations 
where  low-level  differential  signals  are  to  be  amplified.  The 
low-noise,  low  input  offsets,  lowdrift,  and  high  gain  combined 
with  excellent  CMRR  provide  the  characteristics  needed  for 
high-performance  instrumentation  amplifiers.  In  addition, 
the  power  supply  current  drain  is  very  low. 

The  circuit  of  Figure  1  is  recommended  for  applications 
where  the  common-mode  input  range  is  relatively  low  and 
differential  gain  will  be  in  the  range  of  10  to  1000.  This  two- 
op-amp  instrumentation  amplifier  features  Independent 
adjustment  of  common-mode  rejection  and  differential  gain. 
Input  impedance  is  very  high  since  both  inputs  are  applied  to 
noninverting  op  amp  inputs. 


j-WNA- 


VCM-l/3Vd0 


VCM  ♦  l/2Vd 


OAIM 
ADJ 


(1/21 
OP-220 


,,„,  B4  T.  .  1  ItU  ,  R3\  ,  M»B3-|  R«  /R3  RJ\„,„ 
!FRl-R3-R3-R4.THE«IV0-j(l*jjj)vd 


Figure  1.  Two-Op-Amp  Instrumentation  Amplifier 
Configuration 

The  input  voltages  are  represented  as  a  common-mode 
input  VCM  plus  a  differential  input  Vd.  The  ratio  R3/R4  is 
made  equal  to  the  ratio  R2/R1  to  reject  the  common-mode 
input  Vcm-  The  differential  signal  Vd  is  then  amplified  accord- 
ing to: 

Note  that  gain  can  be  independently  varied  by  adjusting  Ro. 
From  considerations  of  dynamic  range,  resistor  tempco 
matching,  and  matching  of  amplifier  response,  it  is  generally 
best  to  make  R1,  Rj,  R3,  and  R4  approximately  equal.  Desig- 
nating Ri,  Ra,  R3,  and  R4  as  Rn  allows  the  output  equation  to 
be  further  simplified: 

Vo=2(1  +R^)Vd'  wnereRN  =  Rl  =  R2=R3=R4 


Dynamic  range  is  limited  by  A1  as  well  as  A2;  the  output  of  A1 

is: 


V,  =  -(1+S)V-  +  2VcM 


If  the  instrumentation  amplifier  were  designed  for  a  gain  of  10 
and  maximum  Vd  of  ±  1 V,  then  Rn/Ro  would  need  to  be  four 
and  Vo  would  be  a  maximum  of  ±10V.  Amplifier  A1  would 
have  a  maximum  output  of  ±5V  plus  2VCM,  thus  a  limit  of 
±  10V  on  the  output  of  A1  would  imply  a  limit  of  ±2.5Von  VCm- 

A  nominal  value  of  100kn  for  Rn  is  suitable  for  most  applica- 
tions. A  range  of  200ft  to  25kO  for  Ro  will  then  provide  a  gain  - 
range  of  10  to  1000.  The  current  through  Ro  is  Vd/Ro.  so  the 
amplifiers  must  supply  ±10mW200ft  when  the  gain  is  at  the 
maximum  value  of  1000  and  Vd  is  at  ±10mV. 

Rejecting  common-mode  inputs  is  most  important  In  accu- 
rately amplifying  low-level  differential  signals.  Two  factors 
determine  the  CMR  of  this  instrumentation  amplifier  configu- 
ration (assuming  infinite  gain): 

(1 )  CMRR  of  the  op  amps 

(2)  Matching  of  the  resistor  network  (R3/R4  -  R2/R1) 

In  this  instrumentation  amplifier  configuration,  error  due  to 
CMRR  effect  is  directly  proportional  to  the  differential  CMRR 
of  the  op  amps.  For  the  OP-220A/E,  this  combined  CMRR  is  a 
minimum  of  98dB.  A  combined  CMRR  value  of  lOOdB  and 
common-mode  input  range  of  ±2.5V  indicates  a  peak  input- 
referred  error  of  only  ±25pV. 

Resistor  matching  is  the  other  factor  affecting  CMRR. 
Defining  Ad  as  the  differential  gain  of  the  instrumentation 
amplifier  and  assuming  that  R1,  R&  R3  and  R4  are  approxi- 
mately equal  (Rn  will  be  the  nominal  value),  then  CMRR  will 
be  approximately  Ad  divided  by  4AR/Rn-  CMRR  at  differen- 
tial gain  of  100  would  be  86dB  with  resistor  matching  of  0.1%. 
Trimming  Rf  to  make  the  ratio  R3/R4  equal  to  R2/R1  will 
directly  raise  the  CMRR  until  it  is  limited  by  linearity  and 
resistor  stability  considerations. 

The  high  open-loop  gain  of  the  OP-220  is  very  Important  In 
achieving  high  accuracy  in  the  two-op-amp  instrumentation 
amplifier  configuration.  Gain  error  can  be  approximated  by: 

1   Ad 


Gain  Error  -  ■ 


1  + 


A02 


2Aoi  A02 


«1 


where  Ad  is  the  instrumentation  amplifier  differential  gain 
and  A02  is  the  open-loop  gain  of  op  amp  A2.  This  analysis 
assumes  equal  values  of  Ri,  R2,  R3,  and  R4.  For  example, 
consider  an  OP-220  with  A02  of  700V/mV.  If  the  differential 
gain  Ad  were  set  to  700,  the  gain  error  would  be  1/1 .001  which 
is  approximately  0.1%. 

Another  effect  of  finite  op  amp  gain  is  undesired  feedthrough 
of  common-mode  input.  Defining  A01  as  the  open-loop  gain 
of  op  amp  A1,  then  the  common-mode  error  (CME)  at  the 
output  due  to  this  effect  will  be  approximately 


CME- 


2  Ad 

A01 


AoT  VCM 
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For  Ad/Aot, 41, this  simplifies  to  (2  Att/A0i)X  VCM.  If  the  op  amp 
gain  is  700V/mV,  Vcm  is  2.5V,  and  Ad  is  set  to  700,  then  the  error 
at  the  output  due  to  this  effect  will  be  approximately  5mV. 

The  OP-220  offers  a  unique  combination  of  excellent  dc 
performance,  wide  input  range,  and  low  supply  current  drain 
that  is  particularly  attractive  for  instrumentation  amplifier 
design. 

THREE-OP-AMP  CONFIGURATION 

A  three-op-amp  instrumentation  amplifier  configuration 
using  the  OP-220  and  OP-22  is  recommended  for  applica- 
tions requiring  high  accuracy  over  a  wide  gain  range.  This 


Rt 


Figure  2.  Three-Op- Amp  Instrumentation  Amplifier 
Using  OP-220  and  OP-22 


circuit  orovides  excellent  CMR  over  a  wide  input  ranqe.  As 
with  the  two-op-amp  instrumentation  amplifier  circuits,  tight 
matching  of  the  two  op  amps  provides  a  real  boost  in  per- 
formance. The  OP-22  is  a  micropower  op-amp  featuring 
programmable  supply  current. 

A  simplified  schematic  is  shown  in  Figure  2.  The  input  stage 
( A1  and  A2)  serves  to  amplify  the  differential  input  Vd  without 
amplifying  the  common-mode  voltage  Vcm-  The  output  stage 
then  rejects  the  common-mode  input.  With  ideal  op-amps 
and  no  resistor  matching  errors,  the  outputs  of  each  amplifier 
will  be: 


V0=AdVd 


The  differential  gain  Ad  Is  1  +  2R1/RQand  the  common-mode 
input  Vcm  is  rejected. 

This  three-op-amp  instrumentation  amplifier  configuration 
using  an  OP-220  at  the  input  and  an  OP-22  at  the  output 
provides  excellent  performance  over  a  wide  gain  range  with 
very  low  power  consumption.  A  gain  range  of  1  to  2000  is 
practical  and  CMR  of  over  120dB  Is  readily  achievable. 
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Precision  Monolithics  Inc. 


OP-221 

DUAL  LOW-POWER  OPERATIONAL  AMPLIFIER 
(SINGLE  OR  DUAL  SUPPLY) 


FEATURES 

•  Excellent  TCVos  Match   2/iWCMax 

•  Low  Input  Oflset  Voltage   150uVMax 

•  Low  Supply  Current   550pA  Max 

•  Single  Supply  Operation   +5Vfo+30V 

•  Low  Input  Offset  Voltage  Drift    0.75jiV/oC 

•  High  Open-Loop  Gain   1500V/mV  Min 

•  High  PSRR    3uV/V 

•  Wide  Common-Mode  Voltage 

Range   V-  to  within  1.5V  of  V+ 

•  Pin  Compatible  with  1458,  LM158,  LM2904 

ORDERING  INFORMATION! 


PACKAGE 

TA  =  25''C 

HERMETIC 

HERMETIC 

OPERATING 

V0S  MAX 

TO-99 

DIP 

TEMPERATURE 

UV) 

8-PIN 

8-PIN 

RANGE 

150 

OP221A2 

MIL 

150 

OP221EZ 

IND 

300 

OP221BJ 

MIL 

500 

OP221CJ 

MIL 

500 

OP221GJ 

OP221GZ 

IND 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1966 
Data  Book.  Section  2. 


GENERAL  DESCRIPTION 

The  OP-221  is  a  monolithic  dual  operational  amplifier  that 
can  be  used  either  in  single  or  dual  supply  operation.  The 


wide  supply  voltage  range,  wide  input  voltage  range,  and  low 
supply  current  drain  of  the  OP-221  make  it  well-suited  for 
operation  from  batteries  or  unregulated  power  supplies. 

The  excellent  specifications  of  the  individual  amplifiers  com- 
bined with  the  tight  matching  and  temperature  tracking 
between  channels  provide  high  performance  in  instrumen- 
tation amplifier  designs.  The  individual  amplifiers  feature 
very  low  input  offset  voltage,  low  offset  voltage  drift,  low 
noise  voltage,  and  low  bias  current.  They  are  fully  compen- 
sated and  protected. 

Matching  between  channels  is  provided  on  all  critical 
parameters  including  input  offset  voltage,  tracking  of  offset 
voltage  vs.  temperature,  non-inverting  bias  currents,  and 
common-mode  rejection. 

PIN  CONNECTIONS 


iT]  OUT  101 
7]  —IN  IB) 
I        T)  «IN  IBI 


TO-99  (J-Sullix) 


8-PIN  HERMETIC  DIP 
(Z-Suffix) 


SIMPLIFIED  SCHEMATIC  (Each  Amplifier) 


-tN  o  IT at 

♦IN  O  


6  f 


6 


6    ion  J      J"  (J 


5=R 


— 


6 


'ACCESSIBLE  (NCHIP  FORM  ONLY 
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ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage    ±18V 

Power  Dissipation  (Note  1)    SOOmW 

Differential  Input  Voltage   30V  or  Supply  Voltage 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range   -65°  C  to  + 150°  C 

Operating  Temperature  Range 

OP-221A,  B,  C   -550CtO  +  125°C 

OP-221  E,  G    -25°Cto+850C 


Lead  Temperature  (Soldering,  60  sec.)    300°C 

DICE  Junction  Temperature  (Tj)    -65°Cto+l50''C 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

TO-99  IJ) 

60°  C 

7.1mW/°C 

8-Pin  Hermetic  DIP  (Z| 

75°  C 

6.7mW/"C 

NOTES: 

1.  See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 

2.  Absolute  ratings  apply  to  both  DICE  and  packaged  parts,  unless  otherwise 
noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±2.5V  to  ±15V,  TA=  25° C,  unless  otherwise  noted. 


OP-221  A/E 

OP-221  B 

OP-221  C/G 

rAIIAMC  ICH 

CVUDtM 
9TM0UL 

rnuniTifMiic 

MIN 

TYP 

MAX 

MIN 

TYP 

VI  AX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Vottage 

Vos 

75 

150 

150 

300 

250 

500 

*v 

Input  Offset  Current 

•os 

Vc«  =  o 

0.5 

3 

1 

5 

1.5 

7 

nA 

Input  Bias  Current 

iB 

Vcm  =  0 

50 

80 

60 

100 

70 

120 

nA 

Input  Voltage  Range 

IVR 

v+  =  sv,v-  =  ov  „  ,  , 

VS  =  ±1SV  |N°'e2) 

0/3.5 
-15/13.5 

0/3.5 
-15/13.5 

0/3.5 
-15/13.5 

V 

Common-Mode 

CMRR 

v+  =  sv.  v-=ov 

0VSVCMS3.SV 

90 

100 

85 

90 

75 

85 

dB 

Rejection  Ratio 

VS=±1SV 

-15V  <VCM£  13.5V 

95 

100 

90 

95 

80 

90 

Power  Supply 

PSRR 

Vs  =  ±2.5VtO±15V 

3 

10 

10 

32 

32 

100 

iiV/V 

Rejection  Ratio 

V-  =  0V,  V+  =  SVIo30V 

6 

18 

18 

57 

57 

180 

Large-Signal 
Voltage  Gain 

VS  =  ±15V.  Ru=10k!l 
Vo=±10V 

1500 

1000 

800 

V/mV 

Output  Voltage 
Swing 

Vo 

V+  =  5V.  V-  =  0V. 
RL  =  10k(l 

VS  =  ±15V.  RL=10kIl 

0.7/4.1 
±13.8 

0.7/4.1 
±13.8 

0.8/4 
±13.5 

V 

Stew  Rate 

SR 

RL=10kl),  (NoteD 

0.2 

0.3 

0.2 

0.3 

0.2 

0.3 

V/jis 

Bandwidth 

B\N 

GOO 

600 

600 

kHz 

Supply  Current 

VS  =  ±2  5V,  NoLoad 

450 

550 

500 

600 

550 

650 

(Both  Amplifiers^ 

VS  =  ±15V.  No  Load 

600 

800 

800 

850 

850 

900 

2 

PL, 

_l 
Ph 


I 

O 

Oh 

o 


NOTES: 

1.  Sample  tested. 

2.  Guaranteed  by  CMRR  test  limits. 


ELECTRICAL  CHARACTERISTICS  at  Vs=±2.5Vto±15V,-55',C<TA<  +  125,,Cfor  OP-221  A,  Band  C;-250C<TA<+85oC 
for  OP-221  E  and  G,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-221  A/E 
MIN     TYP  MAX 

MIN 

OP-221  B 
TYP 

MAX 

OP-221C/G 
MIN     TYP  MAX 

UNITS 

Average  Input  Offset 
voltage  Drift  i  Note  1) 

TCV0S 

0.75 

1.5 

1.2 

2 

2 

3 

dV/*C 

Input  Offset  Voltage 

Vos 

150 

300 

250 

450 

400 

700 

fV 

Input  Offset  Current 

'os 

VCM  =  0 

1 

5 

1.5 

7 

2 

10 

nA 

Input  Bias  Current 

lB 

Vc  =  ° 

55 

100 

65 

120 

80 

140 

nA 

Input  Voltage  Range 

IVR 

V+=5V,V-=0V       .  . 
VS  =  ±15V  ,N°'e2' 

0/3.2 
-15/13.2 

0/3.2 
-15/13.2 

0/3.2 
-15/13.2 

V 

Common- Mode 
Rejection  Ratio 

CMRR 

V+  =  5V.  V-  =  0V 

0V<VCM<3.2V 

VS=±15V 

-15V  £VCM<  13.2V 

85 
90 

90 
95 

80 
85 

85 
90 

70 
75 

SO 
85 

dB 
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OP-221  DUAL  LOW-POWER  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  VS=  +  2.5V to ±  15V, -55°C<Ta£  + 125° C for  OP-221  A,  Band C;-25°C<Ta^+85°C 
for  OP-221E  and  G.  unless  otherwise  noted.  (Continued) 


OP-221  A/E 

OP-221  B 

OP-221  C/G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Power  Supply 

PSRR 

Vs  =  ±2.5Vto±15V 

6 

18 

18 

57 

57 

180 

liV/V 

Rejection  Ratio 

V-  =  OV.  V+  =  SVto30V 

10 

32 

32 

100 

100 

320 

Large-Signal 
Voltage  Gain 

Avo 

Vs=  ±15V.  RL=  10kn 
Vo=±10V 

1000 

800 

600 

V/mV 

Output  Voltage 
Swing 

Vo 

V+=5V.  V-  =  OV. 
RL=  lOkll 

Vs=  ±15V.  Ru  =  10klt 

0.8/3.8 
±13.5 

±14 

0.8/3.6 
±13.5 

±14 

0.9/3.7 
±13.2 

V 

Supply  Current 

VS  =  ±2.5V.  NO  Load 

500 

650 

550 

700 

600 

750 

*A 

I  Both  Amplifiers  i 

VS=±15V.  No  Load 

700 

900 

900 

950 

950 

1000 

NOTES: 

1.  Sample  tested. 

2.  Guaranteed  by  CMRR  test  limits. 


MATCHING  CHARACTERISTICS  at  Vs  =  +  15V,  TA  =  25°  C,  unless  otherwise  noted. 


OP-221  A/E 

OP-221B 

OP-221C/G 

PARAMETER 

SYMBOL 

CONDITIONS                 MIN     TYP  MAX 

MIN     TYP  MAX 

MIN  TYP 

MAX 

UNITS 

Input  Ollset 
Voltage  Match 

-        50  200 

—       150  400 

-  250 

600 

pV 

Average  Noninverting 
Bias  Current 

'b+ 

—        -  80 

-        -  100 

120 

nA 

Noninverting  Input 
Olfset  Current 

los+ 

-          2  5 

-          2  5 

—  4 

10 

nA 

Common-Mode 

Rejection  Ratio 

.1CMRR 

VCM  =  "15V  10+  13.5V           92         —  — 

87         —  - 

72  - 

dB 

Match  (Note  It 

Power  Supply 

Rejection  Ratio 

JPSRR 

Vs=l2.5Vto±15V              —        -  14 

-         —  44 

140 

MV/V 

Match  (Note  2) 

MATCHING  CHARACTERISTICS  at  Vs  =  ±15V,  -55°C  <  TA  <  +125°C  for  OP-221A,  B  and  C;  -25"C  <  TA  <  +85"C  for 

OP-221  E  and  G,  unless  otherwise  noted.  Grades  E  and  G  are  sample  tested 

OP-221  A/E 

OP-221  B 

OP-221  C/G 

PARAMETER 

SYMBOL 

CONDITIONS                  MIN      TYP  MAX 

MIN     TYP  MAX 

MIN  TYP 

MAX 

UNITS 

Input  Ollset 
Voltage  Match 

■Wos 

-       100  400 

—       250  600 

—  400 

800 

*V 

Average  Noninverting 
Bias  Current 

"e+ 

Vc„  =  0  100 

-         -  120 

140 

nA 

Input  Ollset 
Voltage  Tracking 

TCWos 

—          1  2 

—          1  3 

—  3 

5 

Noninverting  Input 
Ollset  Current 

VCM  =  0                             -          3  7 

-          3  7 

-  6 

12 

nA 

Common-Mode 

Rejection  Ratio 

JCMRR 

VCM  =-  15V  to  +  13.2V           87        90  — 

82        85  - 

72  80 

dB 

Match  {Note  1; 

Power  Supply 

Rejection  Ratio 

APSRR 

-         -  26 

—         -  78 

250 

fiV/V 

Match  {Note  2) 

NOTES: 

1.  JCMRR  is  20  log  to  Vcu/ JCME.  where  VCM  is  the  voltage  applied  to  both 
noninverting  inputs  and  ^CME  is  the  dilference  in  common-mode  input- 
relerred  error. 

2.  APSRR  is:  Input-Referred  Dltlerential  Error 
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OP-221  DUAL  LOW-POWER  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS 


DIE  SIZE  0.097  X  0.063  Inch,  6111  sq.  mils 
(2.464  X  1.600  mm,  3.94  sq.  mm) 

NOTE:  All  V+  PADS  ARE  INTERNALLY  CONNECTED 


1.  INVERTING  INPUT  (A) 

2.  NONINVERTING  INPUT  (A) 

3.  BALANCE  (A) 

4.  V- 

5.  BALANCE  (B) 

6.  NONINVERTING  INPUT  (B) 

7.  INVERTING  INPUT  (B) 

8.  BALANCE  (B) 

9.  V  + 

10.  OUT(B) 

11.  V  + 

12.  OUT  (A) 

13.  V  + 

14.  BALANCE  (A) 

For  additional  DICE  ordering  Information,  refer 
to  198B  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs 

=  ±  2.5V  to  ±15V,  TA  =  25°C, 

unless  otherwise  notec 

PARAMETER 

SYMBOL 

CONDITIONS 

OP-221  N 
LIMIT 

OP-221  G 

LIMIT 

OP-221  GR 
LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

200 

350 

500 

pV  MAX 

Input  Offset  Current 

>os 

vCM  =  o 

3.5 

5.5 

7 

nA  MAX 

Input  Bias  Current 

'b 

VCM  =  0 

85 

105 

120 

nA  MAX 

Input  Voltage  Range 

IVR 

V+  =  5V,  V-  =  0V 

Vg  =  ±15V 

0/3.5 
-15/13.5 

0/3.5 
-15/13.5 

0/3.5 
-15/13.5 

V  MIN/MAX 
VMIN 

Common-Mode 
Rejection  Ratio 

CMRR 

V-  =  0V.  V+  =  5V.  0V  <  VCM  <  3.5V 
V3  =  ±  15V,  -  15V  <  VCM  S  13.5V 

88 
93 

83 
88 

75 
80 

dBMIN 

Power  Supply 
Re|ectlon  Ratio 

PSRR 

VS=±2.5V  to±15V 
V-  -  0V,  V+  =  5V  to  30V 

12.5 
22.5 

40 
70 

100 
180 

dV/V  MAX 

Large-Signal 
Voltage  Gain 

Avo 

VS=±15V 

rl=  iokn 

1500 

1000 

800 

V/mV  MIN 

Output  Voltage  Swing 

Vo- 

V+ ■=  5V,  V-  =  0V,  RL  =  10kfl 
VS=±15V,  RL=  10kn 

0.7/4  1 
±13.8 

0.7/4.1 
±13.8 

0.8/4 
±13.5 

V  MIN/MAX 
V  MIN 

Supply  Current 
(Both  Amplifiers) 

ls* 

Vs  =  ±2.5V,  No  Load 
Vs=  ±15V,  No  Load 

560 
810 

610 
860 

650 
900 

>.A  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  In  assembly  methods  and  normal  yield  loss,  yield  after 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly 


2 

E 

t— ^ 
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a, 

< 

< 
z 
o 

uj 
P-. 
O 


packaging  is  not 
and  testing. 
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OP-221  DUAL  LOW-POWER  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


NORMALIZED  INPUT  OFFSET 
VOLTAGE  vs  TEMPERATURE 


O  -25 
|  -50 
-75 
-100 


Vs-tlSV 


-75    -SO    -25     0      25     50     75     100  125 
TEMPERATURE  (°C> 


INPUT  OFFSET  VOLTAGE 
vs  SUPPLY  VOLTAGE  ' 


•2.5  IS  £7.5  110  112.5  115  117.5 
POWER  SUPPLY  VOLTAGE  (VOLTS)  • 


OFFSET  VOLTAGE  SHIFT  DUE 
TO  THERMAL  SHOCK 


t  30 


1   1   1  J  1 

0€VIC£  IMMERSED. 

IN 

70-C 

Oil 

OA 

TH 

10  ZO  30  (0  SO  60   70  SO  90  100 
TIME  (SCCI 


80 

75 

K 

z 

70 

R 

tc 

65 

U 

3 

60 

D 

K 

65 

2 

z 

50 

45 

40 

INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


v 

;-t1 

SV 

'C/G 

a 

— 7 

/ 

A/E 

INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


-  12. 

V 

? — 

'c/o 

•u 

'A/E 

INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


-75  -50  -25     0     25     50     75    100  125  160 
TEMPERATURE  fC) 


-75  -50  -25     0     25     50    75    100   125  150 
TEMPERATURE  (°CI 


-75  -50  -25     0     25     50     75    100  125  150 
TEMPERATURE  (°C) 


SUPPLY  CURRENT  vs  SUPPLY 
VOLTAGE  FOR  OP-221  A/E 


±2.5     15    ±7.5    tlO  112.5    t15   t17.5  ±20 
POWER  SUPPLY  VOLTAGE  (VOLTSI 


600 
400 
300 


SUPPLY  CURRENT  vs 

TEMPERATURE  AT 
V8  =  ±15VAND±2.5V 


tl 

C/G 

t 

— " 

 " 

■a — 

A/E 
C/G" 

A/E' 

s 

S-i 

.5V 

-75  -50  -25     0     25     50    75    100   125  ISO 
TEMPERATURE  PCI 


INITIAL  OFFSET  VOLTAGE 
DRIFT  vs  TIME 


TIME  (MINUTES) 
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 |pflflj^  OP-221  DUAL  LOW-POWER  OPERATIONAL  AMPLIFIER 

TYPICAL  PERFORMANCE  CHARACTERISTICS 


OPEN-LOOP  GAIN  AT  ±  15V 
v*  TEMPERATURE 


de 

WKl 

.loon 

.tub 

1 

V 

0       28       M       75      tOO  120 
TEMPERATURE  PO 


OPEN-LOOP  GAIN  AT  ±5V 
V8  TEMPERATURE 


S  so 
3 

S  « 


at 

(OKI 

IOOHi 

IkHl 

■15V 

-60    -25       0       25       EO       75      100  125 
TEMPERATURE  I'd 


140 
120 
100 
SO 


OPEN-LOOP  GAIN 
vs  SUPPLY  VOLTAGE 


« 

-  2B*C 
10k 

t 

t5  £10 
SUPPLY  VOLTAGE  IVOLTS) 


PHA8E  MARGIN,  GAIN- 
BANDWIDTH,  AND  SLEW 

RATE  v»  TEMPERATURE  PSRR  vs  FREQUENCY  CMRR  va  FREQUENCY 


TEMPERATURE  TCI  FREQUENCY  (Kf)  FREQUENCY  (Htl 
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OP-221  DUAL  LOW-POWER  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 
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OP-221  DUAL  LOW-POWER  OPERATIONAL  AMPLIFIER 


SPECIAL  NOTES  ON  THE  APPLICATION  OF 
DUAL  MATCHED  OPERATIONAL  AMPLIFIERS 
ADVANTAGES  OF  DUAL  MONOLITHIC 
OPERATIONAL  AMPLIFIERS 

Dual  matched  operational  amplifiers  provide  the  engineer 
with  a  powerful  tool  for  designing  instrumentation  amplifiers 
and  many  other  differential-input  circuits.  These  designs  are 
based  on  the  principle  that  careful  matching  between  two 
operational  amplifiers  can  minimize  the  effect  of  DC  errors  in 
the  individual  amplifiers. 

Reference  to  the  circuit  shown  in  Figure  1,  a  differential-in, 
differential-out  amplifier,  shows  how  the  reductions  in  error 
can  be  accomplished.  Assuming  the  resistors  used  are 
ideally  matched,  the  gain  of  each  side  will  be  identical.  If  the 
offset  voltages  of  each  amplifier  are  perfectly  matched,  then 
the  net  differential  voltage  at  the  amplifier's  output  will  be 
zero.  Note  that  the  output  offset  error  of  this  amplifier  is  not  a 
function  of  the  offset  voltage  of  the  individual  amplifiers,  but 
only  a  function  of  the  difference  (degree  of  matching) 
between  the  amplifiers'  offset  voltages.  This  error-cancel- 
lation  principle  holds  for  a  considerable  number  of  input 
referred  error  parameters  —  offset  voltage,  offset  voltage 
drift,  inverting  and  noninverting  bias  currents,  common- 
mode  and  power  supply  rejection  ratios.  Note  also  that  the 
impedances  of  each  input,  both  common-mode  and  differ- 
ential-mode, are  high  and  tightly  matched,  an  important 
feature  not  practical  with  single  operational  amplifier  circuits. 


INSTRUMENTATION  AMPLIFIER  APPLICATIONS 
Two-Op-Amp  Configuration 

The  two-op-amp  circuit  (Figure  2),  Is  recommended  where 
the  common-mode  input  voltage  range  is  relatively  limited; 
the  common-mode  and  differential  voltage  both  appear  at  V1 . 


The  high  open-loop  gain  of  the  OP-221  is  very  important  in 
achieving  good  CMRR  in  this  configuration.  Finite  open-loop 
gain  of  A1  (A01)  causes  undesired  feedthrough  of  the 
common-mode  input.  For  Ao/Aoi  «1,  the  common-mode 
error  (CME)  at  the  output  due  to  this  effect  is  approximately 
(2  A(j/Aoi)  x  Vcm-  This  circuit  features  independent  adjust- 
ment of  CMRR  and  differential  gain. 

Three-Op-Amp  Configuration 

The  three-op-ampcircuit(Figure3),hasincreased  common- 
mode  voltage  range  because  the  common-mode  voltage  is 
not  amplified  as  it  is  in  Figure  2.  The  CMR  of  this  amplifier  is 
directly  proportional  to  the  match  of  the  CMR  of  the  input  op 
amps.  CMRR  can  be  raised  even  further  by  trimming  the 
output  stage  resistors. 


*-MW(B«H)«'W'*S(B-B)<<- 

Figure  2  .Fn..M.M.«.THE«»0.,(i.21)va 
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OP-227 


DUAL  LOW- NOISE  LOW- OFFSET  INSTRUMENTATION 

OPERATIONAL  AMPLIFIER 


Precision  Monolithics  Inc. 


FEATURES 

•  Excellent  Individual  Amplifier  Parameters 

•  Low  V0s  80/iV  Max 

•  Offset  Voltage  Match  80MV  Max 

•  Offset  Voltage  Match  vs  Temperature   1pV/°CMax 

•  Stable  V08  vs  Time  I^V/MoMax 

•  Low  Voltage  Noise    3.9nV/v^HT  Max 

•  Fast  2.8V//IS  Typ 

•  High  Gain    1.8  Million  Typ 

•  High  Channel  Separation   1S4dBTyp 

ORDERING  INFORMATION^ 


TA  =  2S°C 

HERMETIC 

OPERATING 

V0s  MAX 

DIP 

TEMPERATURE 

(/uV) 

14-PIN 

RANGE 

60 

OP227AV 

MIL 

60 

OP227EY 

INO 

120 

OP227BY/883 

MIL 

120 

OP227FY 

INO 

180 

OP227GY 

INO 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  alter 
part  number.  Consult  lactory  tor  883  data  sheet. 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book.  Section  2. 

GENERAL  DESCRIPTION 

The  OP-227  is  the  first  dual  amplifier  to  offer  a  combination  of 
low  offset,  low  noise,  high  speed  and  guaranteed  amplifier 
matching  characteristics  in  one  device.  The  OP-227  with  a 
V0s  match  of  25uV  typical,  a  TCV0s  match  of  0.3/iV/°C 
typical,  and  a  1/f  corner  of  only  2.7Hz  is  an  excellent  choice 
for  precision  low  noise  designs.  These  D.C.  characteristics, 
coupled  with  a  slew  rate  of  2.8V//1S  typical  and  a  small-signal 
bandwidth  of  8MHz  typical,  allow  the  designer  to  achieve  AC 
performance  previously  unattainable  with  op-amp-based 
instrumentation  designs. 


When  used  in  a  three-op-amp  instrumentation  amplifier  con- 
figuration, the  OP-227  can  achieve  a  CMRR  in  excess  of 
100dB  at  10kHz.  In  addition,  this  device  has  an  open-loop 
gain  of  1.5M  typical  with  a  1  kfl  load.  The  OP-227  also  features 
an  lB of  ±10nA  typical,  an  los of  7nA  typical,  and  guaranteed 
matching  of  input  currents  between  amplifiers.  These  out- 
standing input  current  specifications  are  realized  through  the 
use  of  a  unique  input  current-cancellation-circuit  which 
typically  holds  Ib  and  los  to  ±20nA  and  15nA  respectively 
over  the  full  military  temperature  range. 

Other  sources  of  input-referred  errors,  such  as  PSRR  and 
CMRR,  are  reduced  by  factors  in  excess  of  120dB  for  the 
individual  amplifiers.  D.C.  stability  is  assured  by  a  long-term 
drift  specification  of  1.0jiV/month. 

Matching  between  channels  is  provided  on  all  critical  para- 
meters including  offset  voltage,  tracking  of  offset  voltage  vs. 
temperature,  nonlnverting  bias  current,  CMRR,  and  power 
supply  rejection  ratio.  This  unique  dual  amplifier  allows  the 
elimination  of  external  components  for  offset  nulling  and 
frequency  compensation. 

The  OP-227  is  pin  compatible  with  the  OP-10  and  OP-207. 
PIN  CONNECTIONS 


NULL IA)[T 

uJv+lA} 

NULLIAtf? 
-IN  (Al  (T 
•  INIAlfT 

55 

7|]  OUT  (Al 
w]  V-  (A| 
Tj]+IN  fB| 

V-[B>[7 

to]  AH  EB) 

OUT  IB>f7 

TjNULL  EB) 

VMBljT 

7]  NULL  IB) 

14-PIN  CERAMIC  DIP 
(Y-Suflix) 

NOTES: 

1.  Device  may  be  operated  even  if 
insertion  is  reversed:  this  is 
due  to  inherent  symmetry  of 
pin  locations  of  amplifiers  A 
and  B. 

2.  V-[A|  and  V-(B|  are  internally 
connected  via  substrate 
resistance. 


SIMPLIFIED  SCHEMATIC  (1/2  OP-227) 


INVERTING 
INPUT  l-l 


•  Rl  &  R2  ARE  PERMANENTLY  ADJUST EO 
AT  WAFER  TEST  FOR  MINIMIM 
OFFSET  VOLTAGE. 
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OP-227  DUAL  LOW-NOISE  LOW-OFFSET  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS 


Supply  Voltage     ±22V 

Internal  Power  Dissipation  (Note  1)   SOOmW 

Input  Voltage  (Note  3)   ±22V 

Output  Short-Circuit  Duration   Indefinite 

Differential  Input  Voltage  (Note  2)    ±0.7V 

Differential  Input  Current  (Note  2)    ±25mA 

Storage  Temperature  Range   -65°Cto+150°C 

Operating  Temperature 

OP-227A    -SSoCto+^-C 

OP-227E,  OP-227F,  OP-227G    -25°C  to +85°C 


Lead  Temperature  Range  (Soldering,  60  sec)    300°  C 


NOTES: 


1.  See  table  lor  maximum  ambient  temperature  rating  and  derating  factor. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE 

FOR  RATING 

TEMPERATURE 

14-Pin  m 

106°C 

USmW/^C 

2.  The  OP-227's  Inputs  are  protected  by  back-to-back  diodes.  Current 
limiting  resistors  are  not  used  in  order  to  achieve  low  noise,  tf  differential 
input  voltage  exceeds +0.7V.  the  Input  current  should  be  limited  to  25mA. 

3.  For  supply  voltages  less  than  ±  22V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 


INDIVIDUAL  AMPLIFIER  CHARACTERISTICS  at  Vs  =  ±15V,  TA=  25°  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-227 A/E 

MIN      TYP  MAX 

MIN 

OP-227F 

TYP 

MAX 

MIN 

OP-227G 

TYP 

MAX 

UNITS 

Input  Ollset  Voltage 

Vos 

1  Note  1i 

— 

20 

80 

40 

120 

60 

180 

fV 

Long-Term  Vos 
Stability 

Vos/Time  (Notes  2. 4i 

0.2 

1.0 

0.3 

1.5 

0.4 

2.0 

pV/Mo 

Input  Offset  Current 

'OS 

7 

35 



9 

50 

_ 

12 

75 

nA 

Input  Bias  Current 

'b 

_ 

±10 

±40 

- 

±12 

±55 

- 

±15 

±80 

nA 

Input  Noise  Voltage 

«np-p 

0.1Hz  to  10Hz 
(Notes  3, 5i 

0.0B 

0.20 

0.08 

0.20 

0.09 

0.28 

"Vp 

Input  Noise 
Voltage  Density 

»n 

l0  =  10Hz  (Note  3) 
l0  =  30Hz  (Note  3> 
l0=  1000Hz  iNote  3) 

- 

3.5 
3.1 
3.0 

6.0 
4.7 
3.9 

- 

- 

3.S 
3.1 
3.0 

6.0 
4.7 
3.9 

- 

- 

3.8 
3.3 
3.2 

9.0 
5.9 
4.6 

nV/\/  Hz 

Input  Noise 
Current  Density 

in 

lo=10Hz  (Notes  3, 6) 
fo  =  30Hz  (Notes  3,6) 
to  =  1000Hz  1  Notes  3. 6| 

- 

1.7 
1.0 
0.4 

4.5 
2.5 
0.7 

— 

- 

1.7 
1.0 
0.4 

4.5 
2.5 
0.7 

— 
- 

1.7 
1.0 
0.4 

— 
0.7 



pA/\/  Hz 

Input  Resistance  — 
Differential-Mode 

RIN 

(Note  7| 

1.3 

6 

0.94 

S 

0.7 

4 

Ml) 

Input  Resistance  — 
Common-Mode 

RINCM 

3 

2.5 

2 

Gil 

Input  Voltage  Range 

IVR 

±11.0 

±12.3 

±11.0 

±12.3 

±11.0 

±12.3 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM  =  ±11V 

114 

126 

106 

123 

100 

120 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±4Vto±18V 

1 

10 

1 

10 

2 

20 

jiV/V 

Large-Signal 
Voltage  Gain 

Avo 

RL>2KH.Vo=±10V 
RL  S  60011.  V0  =  ±  10V 

1000 
800 

1600 
1500 

1000 
800 

1800 
1500 

700 
600 

1500 
1500 

V/mV 

Output  Voltage  Swing 

Vo 

RL>2k(l 
RL  260011 

±12.0 
±10.0 

±13.8 
±11.5 

±12.0 
±10.0 

±13.8 
±11.5 

±11.5 
±10.0 

±13.5 
±11.5 

V 

Slew  Rate 

SR 

RL>2killNote4| 

1.7 

2.8 

1.7 

2.8 

1.7 

2.8 

V/flS 

Gain  Bandwidth  Prod. 

GBW 

1  Note  41 

5 

8 

5 

8 

5 

8 

MHz 

Open-Loop  Output 
Resistance 

VO  =  0.lo  =  0 

70 

70 

70 

11 

Power  Consumption 

Pd 

Each  Amplifier 

90 

140 

90 

140 

100 

170 

mW 

Offset  Adjustment 
Range 

RP=  10M1 

±4 

±4 

±4 

mV 

NOTES: 
1 


Input  offset  voltage  measurements  are  performed  by  automated  test 
equipment  approximately  0.5  seconds  after  application  of  power. 
A/E  grade  specifications  are  guaranteed  fully  warmed  up. 
Long-Term  Input  Offset  Voltage  Stability  refers  to  the  average  trend  line  of 
V0s  vs.  Time  over  extended  periods  after  the  first  30  days  of  operation. 
Excluding  the  initial  hour  of  operation,  changes  in  V05  during  the  first  30 
days  are  typically  2.5/jV  —  refer  to  typical  performance  curve. 


3.  Sample  tested. 

4.  Parameter  is  guaranteed  by  design. 

5.  See  test  circuit  and  frequency  response  curve  for  0.1Hz  to  10H2  tester. 

6.  See  test  circuit  for  current  noise  measurement. 

7.  Guaranteed  by  input  bias  current. 


2 

Oh 


o 

I 

Oh 

o 
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INDIVIDUAL  AMPLIFIER  CHARACTERISTICS  for  Vs=  ±15V,  -55° C  <  TA<  +125°C,  unless  otherwise  noted. 


OP-227A 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

UNITS 

Input  Ollsct  Voltage 

(Note  li 

-  60 

180 

„v 

Average  Input 
Offset  Drift 

TCVos 
TCV0Sn 

(Notes  2, 3) 

-  0.3 

1.0 

liWC 

Input  Offset  Current 

fos 

—  15 

50 

nA 

Input  Bias  Current 

—  +20 

±60 

nA 

Input  Voltage  Range 

IVR 

+  10.0  ±11.5 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VCU=±10V 

108  122 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=+4.5Vt0± 

18V 

-  2 

16 

»iV/V 

Large-Signal 
Voltage  Gain 

Avo 

RL>2kII.V0  = 

±10V 

600  1200 

V 

Output  Voltage  Swing 

RL>2kll 

±11.5  ±13.5 

V 

INDIVIDUAL  AMPLIFIER  CHARACTERISTICS  for  Vs  =  ±  15V, 

-25° 

C  <  TA<  85°  C,  unless  otherwise  noted. 

OP-227E 

OP-227F 

OP-227G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MtN 

TYP  MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

v0S 

{ Note  1 1 

40 

140 

60 

200 

85 

280 

».v 

Average  Input 
Offset  Drift 

TCVqs 
TCV0S„ 

(Note  2 1 

0.5 

1.0 

0.4 

- 

0.5 

1.8 

(iW»C 

Input  Offset  Current 

los 

10 

50 

14 

85 

— 

20 

135 

nA 

Input  Bias  Current 

Ib 

±14 

±18 

±95 

±25 

±150 

nA 

Input  Voltage  Range 

IVR 

±10.0 

±11.8 

+  10.0 

±11.8 

±10.0 

±11.8 

Common-Mode 
Rejection  Ratio 

CMRR 

VCM=±10V 

110 

124 

102 

121 

96 

118 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=+4.SVto±18V 

2 

15 

2 

16 

2 

32 

tiV/V 

Large-Signaf 
Voltage  Gain 

Avo 

RL>2kll.Vo=+10V 

7S0 

1500 

700 

1300 

450 

1000 

WmV 

Output  Voltage  Swing 

RL>2kll 

±11.7 

+  13.6 

+  11.4 

+  13.5 

±11.0 

±13.3 

V 

MATCHING  CHARACTERISTICS  for  Vs  = 

=  ±15V,TA  = 

25°  C,  unless  otherwise  noted. 

OP-227A/E 

OP-227F 

OP-227G 

PARAMETER 

SYMBOL  CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 
Match 

•ivos 

25 

80 

3S 

150 

55 

300 

*v 

Average  Noninverting 
Bias  Current 

.  ,  _Ib+*+Ib+b 

lB+  2 

±10 

±40 

±12 

±55 

±15 

±90 

nA 

Noninverting  Offset 
Current 

ios+ 

lOS+  =  lB+A~,B+B 

±12 

±60 

±15 

±80 

±20 

±130 

nA 

Inverting  Offset  Current 

los" 

±12 

±60 

±15 

+80 

±20 

+  130 

nA 

Common-Mode 
Rejection  Ratio  Match 

JCMRR 

VCU  =  ±11V 

110 

123 

103 

120 

97 

117 

dB 

Power  Supply 
Rejection  Ratio  Match 

iPSRR 

Vs=±4Vto±18V 

2 

10 

2 

10 

2 

20 

(iV/V 

Channel  Separation 

CS 

(Note  1i 

126 

154 

126 

154 

126 

154 

dB 

NOTES: 

1.  Input  Offset  Voltage  measurements  are  performed  by  automated  test 
equipment  approximately  0.5  seconds  after  application  of  power. 

2.  The  TCV05  performance  is  within  the  specifications  unnulled  or  when 
nulled  with  RP  =  8kl)  to  20k I),  optimum  performance  is  obtained  with 
RP  =  8k(l. 

3.  Sample  tested. 
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MATCHING  CHARACTERISTICS  for  Vs  =  ±15V,  TA  =  -55°  C  to  +125°  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-227A 

TYP  MAX 

UNITS 

Input  Ollset  Voltage 
Match 

IVos 

- 

55 

180 

»v 

Input  Otlaet  Voltage 
Tracking 

TCdVos 

Nulled  or 
Unnulled  (Note  2) 

- 

0.3 

1.0 

(iWC 

Average  Nonlnvertlng 
Bias  Current 

la+ 

Ib+  =  !bWb 

"  2 

_ 

±20 

±60 

nA 

Average  Drill  of  Non- 
Inverting  Bias  Current 

TCIb+ 

100 

pA/°C 

Nonlnvertlng  Offset 
Current 

•os+ 

loa+  =  Ib+a"'b+b 

±25 

±80 

nA 

Average  Drift  of  Non- 
inverting  Offset  Current 

TClQgf 

130 

pA/'C 

Inverting  Offset  Current 

'os- 

lOS"=lB-A_lB*B 

±25 

±90 

nA 

Common-Mode 
Rejection  Ratio  Match 

ACMRR 

VCM  =  ±10V 

10S 

118 

dB 

Power  Supply 
Rejection  Ratio  Match 

APSRR 

vs°±4.svto±iev 

2 

16 

(iV/V 

MATCHING  CHARACTERISTICS  for  Vs  =  ±  15V,  TA  = 

-25"C  to  +85° C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-227E 
TYP 

MAX 

MIN 

OP-227F 
TYP  MAX 

MIN 

OP-227G 

TYP  MAX 

UNITS 

Input  Ollsel  Voltage 
Match 

AV0, 

40 

140 

65 

210 

- 

90 

400 

cv 

Input  Offset  Voltage 
Tracking 

TCAVos 

Nulled  or 
Unnulled  (Note  1| 

0.3 

1.0 

0.4 

1.5 

- 

0.5 

1.8 

/iV/°C 

Average  Nonlnvertlng 
Bias  Current 

"b+ 

.  ,  _  'b+a+'b+b 
>b+"  2 

±14 

±60 

±18 

±05 

±25 

±170 

nA 

Average  Drift  of  Non- 
lnvertlng Bias  Current 

TCIB+ 

BO 

140 

180 

pA/'C 

Nonlnvertlng  Offset 
Current 

"os+ 

'OS+  =  'b+a"'b+b 

±20 

±B0 

±25 

±140 

±35 

±250 

nA 

Average  Drift  of  Non- 
lnvertlng Olfset  Current 

TCI0S+ 

130 

200 

250 

pA/'C 

Inverting  Offset  Current 

los- 

'os"3  'b-a-'btb 

±20 

±90 

±25 

±140 

±35 

±250 

nA 

Common-Mode 
Rejection  Ratio  Match 

ACMRR 

Vcm=±10V 

108 

120 

98 

117 

90 

112 

dB 

Power  Supply 
Rejection  Ratio  Match 

APSRR 

Vs  =  ±4.SVIo±1BV 

2 

15 

2 

16 

3 

32 

liV/V 

NOTB8: 

1.  Sample  tested. 

2.  Guaranteed  by  design. 
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pj^J^  OP-227  DUAL  LOW-NOISE  LOW-OFFSET  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 
VOLTAGE  NOISE  TEST  CIRCUIT  (0.1Hz-TO-10Hzp.p) 


 w 


flACH  TD  HACPt  OACJC  TG  QACK    ^  — 


LOW-FREQUENCY  NOISE 


O.lHi  TO  lOHr  PEAK-TO-*EAK  NOISE 

NOTE:  OBSERVATION  TIME  MUST  BE  LIMITED  TO  10  SECONDS 
TO  ENSURE  0.1  Hz  CUTOFF. 


VOLTAGE  NOISE  DENSITY 
vs  FREQUENCY 


COMPARISON  OF  OP-AMP 
VOLTAGE  NOISE  SPECTRA 


INSTRUMENTATION        AUDIO  MANGE 

ice,  to  pc  I  loami  


INPUT  WIDEBAND  NOISE 
vs  BANDWIDTH  (0.1Hz  TO 
FREQUENCY  INDICATED) 


BANOWIOTH  (Hi) 


TOTAL  NOISE  vs 
SOURCE  RESISTANCE 


VOLTAGE  NOISE  DENSITY 
vs  TEMPERATURE 


| 

8  i 


\ 

s  -  11 

5V 

It  1DH 

i   

SOURCE  RESISTANCE 


o      re     w     m  loo 

TEMPERATURE  (*Cl 


CURRENT  NOISE  DENSITY 
vs  FREQUENCY 


FREQUENCY  I 
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OP-227  DUAL  LOW-NOISE  LOW-OFF8ET  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


SUPPLY  CURRENT  OFFSET  VOLTAGE  DRIFT  OFFSET  VOLTAGE 

vs  SUPPLY  VOLTAGE  OF  REPRESENTATIVE  UNITS  STABILITY  WITH  TIME 


IlDZ9Z>3un40      4S  -75  -88 -JS -IS  5    28  49  85  88  105  125  US  165  0     12    3    4     5    8    7  8 

TOTAL  Slim*  VOLTAGE  (VOITSI  TEMPERATURE  CO  TIME  IMONTHSI 


I 
m 

J  » 


WARM-UP  DRIFT 


TA-+2 

I-  " 
**C 

sv 

0 

'-J270 

m-vat 

0 

>-2»VB 

0  12  14  8 

TIKI  AFTER  POWER  OH  (MINUTED) 


OFFSET  VOLTAGE  CHANGE 
DUE  TO  THERMAL  SHOCK 


1  1 

V 

s-t 

15V 

T« 
2! 

TA 

rc 

c- 

HP 

HOCK 

DEVIC 

E  tM 

> 

IN  70*C  OIL  BATH 

20        40  60 
TIME  (8ECI 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


? 
S 

g 
s 
i 

3  20 


I  I  I  I 

V, -±15V 


-50    -25     0      28     50      75    100    125  180 
TEMPERATURE  (*C) 


INPUT  OFFSET  CURRENT 
V*  TEMPERATURE 


Vf- 

-78    -80    -25     0      IS      50      75     100  125 
TEMPERATURE  |'C) 


OPEN-LOOP  GAIN 
vs  FREQUENCY 


5; 


10     100      111     10k   100h     1M     10M  100M 
FREQUENCY  |Ht) 


SLEW  RATE,  GAIN-BANDWIDTH 
PRODUCT,  PHASE 
MARGIN  vs  TEMPERATURE 


ZH7 


3 


V8  •  tIBV  - 


-78    —50    —28      0       25     80      76      100  125 
TEMPERATURE  f« 
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OP-227  DUAL  LOW-NOISE  LOW-OFFSET  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


GAIN,  PHASE  SHIFT  OPEN-LOOP  GAIN  OUTPUT  SWING 

vs  FREQUENCY  vs  SUPPLY  VOLTAGE  vs  RESISTIVE  LOAD 


MAXIMUM  UNDISTORTED  SMALL-SIGNAL  OVERSHOOT  SHORT-CIRCUIT 

OUTPUT  vs  FREQUENCY  vs  CAPACITIVE  LOAD  CURRENT  vs  TIME 


SMALL-SIGNAL-  LARGE-SIGNAL  MATCHING  CHARACTERISTIC 

TRANSIENT  RESPONSE  TRANSIENT  RESPONSE  CMRR  MATCH  vs  FREQUENCY 
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OP-227  DUAL  L0W-N0I8E  LOW-OFFSET  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


MATCHING  CHARACTERISTIC; 
DRIFT  OF  OFFSET 
VOLTAGE  MATCH 
OF  REPRESENTATIVE  UNITS 

no 


MATCHING  CHARACTERISTIC; 
AVERAGE  NONINVERTING 
BIAS  CURRENT 
vs TEMPERATURE 


MATCHING  CHARACTERISTIC;  3 
AVERAGE  OFFSET  3 
CURRENT ¥8 TEMPERATURE  £ 
(INVERTING  OR  NONINVERTING)  □ 

so  i — i  1  1  1  1  1  1  1 — i  Ph 


1*° 

s 

w 

a 

g  30 

u 

b 


z 
o 

Oh 
O 


-J5-U  s  2t  a  a  t>  105  ns  «j  i 

TEMPERATURE  PC) 


•55    -35  -IS      5    25    «S     OB     SS   100  IS 
TEMPERATURE  (*CI 


-55  -35  -IS     S      25     45     «5     IS    US  125 
TEMPERATURE  CO 


MATCHING  CHARACTERISTIC; 
CMRR  MATCH 
v»  TEMPERATURE 


CHANNEL  SEPARATION 
VS  FREQUENCY 


100  Ik  10k        100k         1M  10M 

FREQUENCY  (Hi) 
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OP-227  DUAL  LOW-NOISE  LOW-OFFSET  INSTRUMENTATION  OPERATIONAL  AMPLIFIER 


BASIC  CONNECTIONS 


OFFSET  NULLING  CIRCUIT 


INPUTS 
MO— 


INPUTS 
l-IO — 


APPLICATIONS  INFORMATION 
NOISE  MEASUREMENTS 

To  measure  the  80nV  peak-to-peak  noise  specification  of  the 
OP-227  in  theO.1  Hz  to  10Hz  range,  the  following  precautions 
must  be  observed: 

(1 )  The  device  has  to  be  warmed-up  for  at  least  five  minutes. 
As  shown  in  the  warm-up  drift  curve,  the  offset  voltage 
typically  changes  4uV  due  to  increasing  chip  tempera- 
ture after  power-up.  In  the  10-second  measurement 
interval  these  temperature-induced  effects  can  exceed 
tens-of-nanovolts. 

(2)  For  similar  reasons,  the  device  has  to  be  well-shielded 
from  air  currents.  Shielding  minimizes  thermocouple 
effects. 

(3)  Sudden  motion  in  the  vicinity  of  the  device  can  also 
"feedthrough"  to  increase  the  observed  noise. 

(4)  The  test  time  to  measure  0.1  Hz  to  10Hz  noise  should  not 
exceed  10  seconds.  As  shown  in  the  noise-tester  fre- 
quency-response curve,  the  0.1  Hz  corner  is  defined  by 
only  one  zero.  The  test  time  of  10  seconds  acts  as  an 
additional  zero  to  eliminate  noise  contributions  from  the 
frequency  band  below  0.1  Hz. 

(5)  A  noise-voltage-density  test  is  recommended  when 
measuring  noise  on  a  large  number  of  units.  A  10Hz 
noise-voltage-density  measurement  will  correlate  well 
with  a  0.1  Hz-to-10Hz  peak-to-peak  noise  reading,  since 
both  results  are  determined  by  the  white  noise  and  the 
location  of  the  1/f  corner  frequency. 


INSTRUMENTATION  AMPLIFIER  APPLICATIONS  OF  THE 
OP-227 

The  excellent  input  characteristics. of  the  OP-227  make  it 
ideal  for  use  in  instrumentation  amplifier  configurations 
where  low-level  differential  signals  are  to  be  amplified.  The 
low-noise,  low  input  offsets,  low  drift,  and  high  gain  com- 
bined with  excellent  CMR  provides  the  characteristics 
needed  for  high-performance  instrumentation  amplifiers.  In 
addition,  CMR  vs.  frequency  is  very  good  due  to  the  wide 
gain-bandwidth  of  these  op  amps. 

The  circuit  of  Figure  1  is  recommended  for  applications 
where  the  common-mode  input  range  is  relatively  low  and 
differential  gain  will  be  in  the  range  of  10  Jo  1000.  This  two- 
op-amp  instrumentation  amplifier  features  independent 
adjustment  of  common-mode  rejection  and  differential  gain. 
Input  impedance  is  very  high  since  both  inputs  are  applied  to 
non-inverting  op  amp  inputs. 

FIGURE  1:  Two-Op-Amp  Instrumentation  Amplifier  Con- 
figuration 


j-vw- 


VCM  -  "2VaO- 


VCM  •  V2Vd  O- 


The  output  voltage  V0,  assuming  ideal  op  amps,  is  given  in 
Fig.  1.  The  input  voltages  are  represented  as  a  common- 
mode  input  VCm  plus  a  differential  input  Vd.  The  ratio  R3/H4  is 
made  equal  to  the  ratio  R2/Ri  to  reject  the  common-mode 
input  VCM.  The  differential  signal  Vd  is  then  amplified 
according  to: 


S^a)-Vd.  where 


02- 
R4 


Rs 
Ri 


Note  that  gain  can  be  independently  varied  by  adjusting  R0. 
From  considerations' of  dynamic  range,  resistor  tempco 
matching,  and  matching  of  amplifier  response,  it  is  generally 
best  to  make  R,,  R2,  R3.  and  R4  approximately  equal.  Desig- 
nating R),  R2,  R3,  and  R4 as  RN  allows  the  output  equation  to 
be  further  simplified: 


Vo 


where  Rn  =  R1  =  R2=  R3  =  R4 


Dynamic  range  is  limited  by  A1  as  well  as  A2;  the  output  of  A1 

is: 


Vi  =  -(l+j^)vd  +  2VCM 
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If  the  instrumentation  amplifier  were  designed  for  a  gain  of  10 
and  maximum  Vdof  ±1 V,  then  Rn/Ro  would  need  to  be  four 
and  Vo  would  be  a  maximum  of  ±10V.  Amplifier  A1  would 
have  a  maximum  output  of  ±SV  plus  2VCM,  thus  a  limit  of 
±  10V  on  the  output  of  A1  would  Imply  a  limit  of  ±2.5V  on  VCM. 
A  nominal  value  of  10kfl  for  Rn  is  suitable  for  most  applica- 
tions. A  range  of  20n  to  2.5kfl  for  RQ  will  then  provide  a  gain 
range  of  10  to  1000.  The  current  through  R0  is  Vd/R0,  so  the 
amplifiers  must  supply  ±10mW20n  (or  ±0.5mA)  when  the 
gain  is  at  the  maximum  value  of  1000  and  Vd  is  at  ±10mV. 

Rejecting  common-mode  inputs  is  important  in  accurately 
amplifying  low-level  differential  signals.  Two  factors  deter- 
mine the  CMR  in  this  instrumentation  amplifierconfiguration 
(assuming  infinite  gain): 

(1 )  CMR  of  the  op  amps 

(2)  Matching  of  the  resistor  network  ratios  (R3/R4  =  R2/R1) 

In  this  instrumentation  amplifier  configuration,  error  due  to 
CMR  effect  is  directly  proportional  to  the  CMR  match  of  the 
op  amps.  For  the  OP-227  this  ACMR  is  a  minimum  of  97dBfor 
the  "G"  and  110dB  for  the  "E"  grade.  A  ACMR  value  of  100dB 
and  common-mode  input  range  of  ±2.5V  indicates  a  peak 
input-referred  error  of  only  ±25/i V.  Resistor  matching  is  the 
other  factor  affecting  CMR.  Defining  Ad  as  the  differential 
gain  of  the  instrumentation  amplifier  and  assuming  that  R,. 
R2.  Rsand  R4are  approximately  equal  (Rn  will  be  the  nominal 
value),  then  CMR  for  this  instrumentation  amplifier  configu- 
ration will  be  approximately  Ad  divided  by  4AR/RN.  CMR  at 
differential  gain  of  100  would  be  88dB  with  resistormatching 
of  0.1%.  Trimming  R,  to  make  the  ratio  R3/R4  equal  to  R2/R, 
wffi  raise  the  CMR  until  limited  by  linearity  and  resistor 
stability  considerations. 

The  high  open-loop  gain  of  the  OP-227  is  very  important  to 
achieving  high  accuracy  in  the  two  op-amp  instrumentation 
amplifier  configuration.  Gain  error  can  be  approximated  by 


Gain  Error  - 


A02 


2  A0i  A02 


<1 


where  Ad  is  the  instrumentation  amplifier  differential  gain 
and  A02  is  the  open-loop  gain  of  op  amp  A2.  This  analysis 
assumes  equal  values  of  Rn,  R2.  R3,  and  R4.  For  example, 
consider  an  OP-227  with  A02  of  700V/mV.  If  the  differential 
gain  Ad  were  set  to  700,  then  the  gain  error  would  be  1/1.001 
which  is  approximately  0.1%. 

Another  effect  of  finite  op  amp  gain  is  undesired  feedthrough 
of  common-mode  input.  Defining  A01  as  the  open-loop  gain 
of  op  amp  A1,  then  the  common-mode  error  (CME)  at  the 
output  due  to  this  effect  will  be  approximately 


CME  - 


2Ad 
Ad_ 
Aoi 


1  + 


1 

Aoi 


VCM 


For  A,j/Aoi,  <1 .  this  simplifies  to  (2  Aa/Aoi )  x  VCm-  "  the  op  amp 
gain  is  700 V/m V,  VCM  is  2.SV,  and  Ad  is  set  to  700,  then  the  error 
at  the  output  due  to  this  effect  will  be  approximately  SmV. 


A  complete  instrumentation  amplifier  designed  fora  gain  of 
100  is  shown  in  Figure  2.  It  has  provision  for  trimming  of  input 
offset  voltage,  CMR,  and  gain.  Performance  is  excellent  due 
to  the  high  gain,  high  CMR,  and  low  noise  of  the  individual 
amplifiers  combined  with  the  tight  matching  characteristics 
of  the  OP-227  dual. 

FIGURE  2:  Two-Op-Amp  Instrumentation  Amplifier  Using 
OP-227  Dual 


OFFSET  ADJUST 


VCM  -  l«Vd 


10WI,  0.1% 

— AV  

lokn.o.ix 
— /W  


_0  V0-tOOVd 


A  three-op-amp  instrumentation  amplifier  configuration 
using  the  OP-227  and  OP-27  is  recommended  for  applica- 
tions requiring  high  accuracy  over  a  wide  gain  range.  This 
circuit  provides  excellent  CMR  over  a  wide  frequency  range. 
As  with  the  two-op-amp  Instrumentation  amplifier  circuits, 
the  tight  matching  of  the  two  op-amps  within  the  OP-227 
package  providesa  real  boost  In  performance.  Also,  the  low- 
noise,  low  offset,  and  high  gain  of  the  individual  op-amps 
minimize  errors. 

A  simplified  schematic  is  shown  in  Figure  3.  The  input  stage 
( A1  and  A2)  serves  to  amplify  the  differential  input  V<j  without 
amplifying  the  common-mode  voltage  Vqm-  The  output 
stage  then  rejects  the  common-mode  input.  With  ideal  op- 
amps  and  no  resistor  matching  errors,  then  the  outputs  of 
each  amplifier  will  be: 


v2=(i+f^  +  vCM 

Vo  =  V2-V1=(1+2?u)Vd 


1—4 

I— I 


2 

O 

ui 
fin 
O 


V0  =  AdVd 
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The  differential  gain  Ad  is  1  +  2R  i/R0  and  the  common-mode 
input  V0m  is  rejected. 

While  output  error  due  to  input  offsets  and  noise  are  easily 
determined,  the  effects  of  finite  gain  and  common-mode 
rejection  are  more  subtle.  CMFt  of  the  complete  instrumenta- 
tion amplifier  is  directly  proportioned  to  the  match  in  CMR  of 
the  input  op-amps.  This  match  varies  from  97dB  to  llOdB 
minimum  for  the  OP-227.  Using  100dB,  then  the  output 
response  to  a  common-mode  input  VCM  would  be: 

IVo|cm=A<)VcMx10-s 

CMRR  of  the  instrumentation  amplifier,  which  is  defined  as 
20  log  ioAd/ACM.  is  simply  equal  to  the  ACMRR  of  the  OP-227. 
While  this  ACMRR  is  already  high,  overall  CMRR  of  the  com- 
plete amplifier  can  be  raised  by  trimming  the  output  stage 
resistor  network. 

Finite  gain  of  the  input  op-amps  causes  a  scale  factor  error 
and  a  small  degradation  in  CMR.  Designating  the  open-loop 
gain  of  op-amp  Ai  as  A01,  and  op-amp  A2  as  A02.  then  the 
following  equation  approximates  the  output: 


FIGURE  3:  Three-Op-Amp  Instrumentation  Amplifier  Using 
OP-227  and  OP-27 


Vo- 


This  can  be  simplified  by  defining  A0  as  the  nominal  open- 
loop  gain  and  AAoas  the  differential  open-loop  gain.  Then 

Ro  A0 

The  high  open-loop  gain  of  each  amplifier  within  the  OP-227 
(700,000  minimum  at  25°  C  into  Rl  £  2k)  assures  good  gain 
accuracy  even  at  high  values  of  Ad.  The  effect  of  finite  open- 
loop  gain  on  CMR  can  be  approximated  by: 


CMRR  — 


Ao2 
AA0 


If  AAo/Ao  were  6%  and  Ao  were  600,000,  then  the  CMRR  due 
to  finite  gain  of  the  input  op-amps  would  be  approximately 
140dB. 


VCM  -  1«Vj  O- 


The  unity-gain  output  stage  contributes  negligible  error  to 
the  overall  amplifier.  However,  matching  of  the  four-resistor 
R2-network  is  critical  to  achieving  high  CMR.  Consider  a 
worst-case  situation  where  each  R2  resistor  has  an  error  of 
±  AR2.  If  the  resistor  ratio  is  high  on  one  side  and  low  on  the 
other,  then  the  common-mode  gain  will  be  2AR2/R2.  Since 
the  output  stage  gain  is  unity,  CMRR  will  then  be  R2/2AR2.  It 
is  common  practice  to  trim  the  R2  resistor  connected  to 
ground  to  maximize  overall  CMRR  for  the  total  instrumenta- 
tion amplifier  circuit. 

This  three-op-amp  instrumentation  amplifier  configuration 
provides  excellent  performance  over  a  wide  gain  range.  A 
gain  range  of  1  to  2000  is  practical  and  CMR  of  over  120dB 
is  achievable. 
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HIGH  SPEED  PRECISION  RECTIFIER 

The  low  offsets  and  excellent  load  driving  capability  of  the 
OP-27  are  key  advantages  in  this  precision  rectifier  circuit. 
The  summing  impedances  can  be  as  low  as  1  kl!  which  helps 
to  reduce  the  effects  of  stray  capacitance. 

For  positive  inputs,  D2  conducts  and  01  is  biased  OFF. 
Amplifiers  A1  and  A2  act  as  a  follower  with  output-to-input 
feedback  and  the  R1  resistors  are  no  critical.  For  negative 
inputs,  D1  conducts  and  D2  is  biased  OFF.  A1  acts  as  a 
follower  and  A2  serves  as  a  precision  inverter.  In  this  mode, 
matching  of  the  two  R1  resistors  is  critical  to  gain  accuracy. 


Typical  component  values  are  30pF  for  C1  and  2kft  for  R3. 
The  drop  across  D1  must  be  less  than  the  drop  across  the 
FET  diode  D2.  A  1N914  for  D1  and  a  2N4393  for  the  JFET 
were  used  successfully. 

The  circuit  provides  full-wave  rectification  for  inputs  of  up  to 
±10V  and  up  to  20kHz  in  frequency.  To  assure  frequency 
stability,  be  sure  to  decouple  the  power  supply  inputs  and 
minimize  any  capacitive  loading.  An  OP-227,  which  is  two 
OP-27  amplifiers  i n  a  single  package,  can  be  used  to  i mprove 
packaging  density. 
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DUAL  HIGH-SPEED  CURRENT-FEEDBACK 
OPERATIONAL  AMPLIFIER 


Precision  Monolithics  Inc. 


ADVANCE  PRODUCT  INFORMATION 

FEATURES  Applications  include  ultrasound  and  sonar  systems,  video 

•  Slew  Rate  200V/psMtn  blocks,  IF  amplification  and  high-speed  data  acquisition 

•  -3dB  Bandwidth  (Av  =  1  to  50)  8MHz  Mln  systems. 

•  Output  Current  Drive  20mA  Mln 

•  Bandwidth  is  Independent  of  Gain  PIN  CONNECTIONS 


GENERAL  DESCRIPTION 

The  OP-260  represents  a  new  concept  in  high-speed  monolithic 
operational  amplifiers.  A  dual  amplifier,  the  OP-260  employs 
current-feedback  to  provide  consistently  wideband  amplifica- 
tion regardless  of  gain.  A  —  3dB  bandwidth  of  8MHz  minimum 
for  gains  from  1  to  50,  and  a  bandwidth  of  5MHz  min  in  a  gain  of 
100  combine  with  a  2D0V//JS  min  slew  rate  for  extremely  high- 
speed operation.  Although  gain-bandwidth  product  does  not 
apply  to  current-feedback  amplifiers,  the  OP-260  rivals  op 
amps  with  GBWs  of  ViGHz! 

Two  independent  amplifiers  are  contained  on  the  OP-260  chip. 
This  allows  two-channel  amplification  with  matched  AC  charac- 
teristics between  the  two  amplifiers.  High-speed  instrumenta- 
tion front-ends  are  easily  achieved  with  the  OP-260  as  well.  The 
OP-260  will  output  substantial  current.  20mA  minimum  current 
drive  is  available,  with  40mA  minimum  during  transients.  If  large 
loads  are  being  driven,  a  clip-on  heat  sink  is  recommended. 

SIMPLIFIED  SCHEMATIC  (One  of  Two  Amplifiers) 


OUT  A  C 

{I 

-IN  A  2  O  Oi 


}6  -INB 

+INA  3as^_--^-'fi  "f,NB 
4 

V-  ICASE) 


TO-99 
(J-Sufflx) 


HC 

[» 

OUT 

NC 

-IN  6 

NC 

V-fT 


Z   >   Z   J  z 

20-CONTACT 
HERMETIC  LCC 
(RC-Suffix) 


EPOXY  MINI-DIP 
(P-Sufflx) 


This  advance  product  Information  describes  a  product  in  development  at  the  time  of  this  printing.  Final  specifications  may  vary.  Please  contact  local 
sales  office  or  distributor  for  final  data  sheet 
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ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 


Supply  Voltage   ±18V 

Internal  Power  Dissipation  (Note  2)   500mW 

Input  Voltage  (Note  3)   ±18V 

Output  Short-Circuit  Duration    10  sec 

Operating  Temperature  Range 

OP-260A  (J,  RC)   -55"C  to  +125°C 

OP-260E(J,  P)  -40°Cto+85oC 

Storage  Temperature  Range  -65°C  to +175°C 

Junction  Temperature  Range  -650Cto+175°C 

Lead  Temperature  (Soldering,  10  sec)   300°C 


NOTES: 

1.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted.  - 

2.  See  table  tor  maximum  ambient  temperature  and  rating. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

20-Contacl  LCC  (RC) 

80°C 

7.8mVWC 

TO-99  (J) 

80°C 

7.1mW/»C 

8-Pin  Plastic  DIP  (P) 

62°C 

56mW/°C 

3-  For  supply  voltages  less  than  *  18V.  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  VCM  =  0V,  RF  =  5ki>.  TA  =  25° C,  unless  otherwise  noted. 

OP-260A/E 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input  Ollset  Voltage 

V,os 

Each  Amplifier 
Matching 

- 

8 
1 

mV 

Output  Ollset  Voltage 

Voos 

Each  Amplifier 

15 

mV 

(RF=5kll) 

-Woos 

Matching 

- 

2.5 

Ollset  Voltage 

TCV0S 

Each  Amplifier 

25 

jiV/°C 

Temperature  Coefficient 

ATCVqs 

Matching 

5 

'b. 

+  lnput 

0.4 

Input  8ias  Current 

le 

■ilB. 

-Input 

+  Input  Matching 

3 

0.2 

fA 

•ila 

-Input  Matching 

0.5 

TCIB, 

+ Input 

4 

Input  Bias  Current 

TCIB 

-Input 

30 

nA/°C 

Temperature  Coefficient 

JTCIB, 

+  Input  Matching 

2 

-iTCIB 

-Input  Matching 

5 

Common-Mode  Rejection 

CMR 

ACMR 

VCH=ilW              Each  Amplifier 
CM  Matching 

80 

dB 

Power-Supply  Rejection 

PSR 
.1PSR 

Vs=l9V.ol,8V       Ea<=h  Amplifier 
*  Matching 

60 
80 

dB 

Large-Signal  Voltage  Gain 

Avo 

VQ=  110V;  RL=  1  kl I 

25 

V/mV 

Output  Voltage  Swing 

v0 

RL=  lktl 

112 

V 

Output  Current  Drive 

'out 

120 

mA 

Slew  Rate 

SR 

200 

V/Ms 

-3dB  Bandwidth 

BW 

Av  =  1  to  50 
A„  =  100 

8 

5 

MHz 

Supply  Current 

'sv 

11 

mA 

3 

U4 


CL, 

< 

z 

o 

1 

CL, 

o 
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OP-270 


DUAL  LOW-NOISE  PRECISION 
OPERATIONAL  AMPLIFIER 

PRELIMINARY 


FEATURES 

•  Very  Low  Noise  3.5nV/</Hz~  @  1kHz  Max 

•  Excellent  Input  Offset  Voltage  50pV  Max 

•  Low  Offset  Voltage  Drift   0.6fiV/°CMax 

•  Very  High  Gain   1000V/mV  Min 

•  Outstanding  CMR  110dB  Mln 

•  Slew  Rate  2V/uSlyp 

•  Gain-Bandwidth  Product  6MHz  Typ 

•  Industry  Standard  8-Pin  Dual  Pinout 

ORDERING  INFORMATION^ 


Vc 

=  25°0 
)SMAX  . 

PACKAGE 

OPERATING 
TEMPERATURE 
RANGE 

((•V) 

CERDIP 

PLASTIC 

LCC 

50 

OP270AZ- 

OP270ARC/883 

MIL 

SO 

OP270EZ 

XINO 

100 

OP270FZ 

XIND 

200 

OP270GP 

XIND 

200 

OP270GSH 

XIND 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  after 

part  number.  Consult  factory  for  8S3  data  sheet, 
t  Bum-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip.  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1968 

Data  Book.  Section  2. 
ttFor  availability  and  burn-tn  information  on  SO  and  PLCC  packages. 

contact  your  local  sales  oftice. 

GENERAL  DESCRIPTION 

The  OP-270  is  a  high-performance  monolithic  dual  opera- 
tional amplifier  with  exceptionally  low  voltage  noise, 
3.5nV/\/Hz  at  1kHz  Max,  offering  comparable  performance 
to  PMI's  industry  standard  OP-27. 


The  OP-270  features  an  input  offset  voltage  below  50pV  and 
an  offset  drift  under  0.6pV/°C,  guaranteed  over  the  full  mil- 
itary temperature  range.  Open-loop  gain  of  the  OP-270  is 
over  1 ,000,000  into  a  10kll  load  insuring  excellent  gain  accu- 
racy and  linearity,  even  in  high-gain  applications.  Input  bias 
current  is  under  10nA  which  reduces  errors  due  to  signal 
source  resistance.  The  OP-270's  CMR  of  over  110dB  and 
PSRR  of  less  than  1.8/iV/V  significantly  reduce  errors  due  to 
ground  noise  and  power  supply  fluctuations.  Power  con- 

PIN  CONNECTIONS 


o  5  o  ♦  o 

z  5  z  >  z 

'  UJLlILlINHS 

NC  7)  fjl  NC 

•(HA   l]  [if  OUT 

NC  T]  [h  NC 

♦  IN  A  7]  (l?  -{NE 

NC  3  (»  NC 


LCC 
(RC-Sufflx) 


3' 


16-PIN  SOL 
(S-Suffix) 


T]  our  b  EPOXY  MINI-DIP  (P-Suffix) 
H  -in  e       8-PIN  HERMETIC  DIP 
JJ.INB  (Z-Sufflx) 


SIMPLIFIED  SCHEMATIC  (One  of  two  amplifiers  is  shown.) 


This  preliminary  product  Information  is  based  on  testing  of  a  limited  number  ol  devices.  Final  specifications  may  vary.  Please  contact  local  sales 
office  or  distributor  for  final  data  sheet. 
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sumption  of  the  dual  OP-270  equals  that  of  a  single  OP-27,  a 
significant  advantage  for  power  conscious  applications.  The 
OP-270  is  unity-gain  stable  with  a  gain-bandwidth  product  of 
6MHz  and  a  slew  rate  of  2V/fis. 

The  OP-270  offers  excellent  amplifier  matching  which  is 
important  for  applications  such  as  multiple  gain  blocks,  low- 
noise  instrumentation  amplifiers,  dual  buffers,  and  low-noise 
active  filters. 

The  OP-270  conforms  to  the  industry  standard  8-pin  DIP 
pinout.  It  is  pin  compatible  with  the  MC1458/1558. 
SE5532/A,  RM4558  and  HAS102  dual  op  amps  and  can  be 
used  to  upgrade  systems  using  these  devices. 

For  higher  speed  applications  the  OP-271 ,  with  a  slew  rate  of 
8V/us,  is  recommended.  For  a  quad  op  amp,  see  the  OP-470. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage  ±18V 

Internal  Power  Dissipation  (Note  1) 

P,  RC,  S.  Z-Package  500mW 

Differential  Input  Voltage  (Note  3)  ±1.0V 

Differential  Input  Current  (Note  3)  ±25mA 


Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration   Continuous 

Storage  Temperature  Range 

P.  RC.  S,  Z-Package  -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)  300°C 

DICE  Junction  Temperature  (Tj)  -65°C  to  +  150°C 

Operating  Temperature  Range 

OP-270A  -550Cto+12S°C 

OP-270E,  OP-270F,  OP-270G  -40°C  to  +85°C 

NOTES: 

1.  See  table  loi  maximum  ambient  temperature  and  derating  factor. 

MAXIMUM  AMBIENT     DERATE  ABOVE 
TEMPERATURE      MAXIMUM  AMBIENT 
PACKAGE  TYPE         FOR  RATING  TEMPERATURE 

8-Pin  Hermetic  DIP  (Z)  TPC  6.7mW/°C 

B-Pin  Plastic  DIP  (P)  62°C  5.6mW/°C 

20-Pin  LCC  (RC)  80°C  7.8mW/°C 

2.  Absolute  maximum  ratlngsapply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

3.  The  OP-270'a  Inputs  are  protected  by  back-to-back  diodes.  Current  limit- 
ing resistors  are  not  used  in  order  to  achieve  low  noise  performance.  It 
differential  voltage  exceeds  ±1.0V.  the  Input  current  should  be  limited  to 
±25mA. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA=  25°C,  unless  otherwise  noted. 


OP-270A/E 

OP-270F 

OP-270G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

10 

50 

30 

100 

75 

200 

fV 

Input  Offset  Current 

<os 

Vc«  =  0V 

3 

10 

6 

15 

12 

20 

nA 

Input  Bias  Current 

■a 

VcM  =  QV 

3 

10 

6 

15 

12 

20 

nA 

f0  =  10H2 

2.6 

5.0 

2.6 

5.0 

2.6 

5.0 

Input  Noise 

f0=  100Hz 

2.1 

4.0 

2.1 

4.0 

2.1 

4.0 

nv/vTnT 

Voltage  Density 

«n 

f0=1kHz 
(Note  2) 

2.0 

3.5 

2.0 

3.5 

2.0 

3.5 

Large-Signal 
Voltage  Gain 

Ayo 

Vo=+10V 
RL  °  lOktl 

1000 

2300 

800 

1700 

800 

1700 

V/mV 

RL"2k(l 

500 

1200 

400 

900 

400 

900 

Input  Voltage  Range 

IVR 

(Note  3) 

±11 

±12 

±11 

±12 

±11 

±12 

V 

Output  Voltage  Swing 

Vo 

RL2  2kn 

±12 

±13 

±12 

±13 

±12 

±13 

V 

Common-Mode  Rejection  CMR 

Vc«  =  ±11V 

110 

125 

100 

120 

100 

120 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±4.SVto±1BV 

0.56 

1.8 

1.0 

5.6 

5.6 

10 

liV/V 

Sfew  Rate 

SR 

1.4 

2 

1.4 

2 

1.4 

2 

V/jiS 

Supply  Current 
(All  Amplifiers) 

•SY 

No  Load 

4 

5 

4 

5 

4 

5 

mA 

Gain  Bandwidth  Product 

GBW 

Av=+10 

6 

6 

6 

MHz 

Channel  Separation 

cs 

Vo=20Vp.p 

f0  =  10Hz  (Note  1) 

125 

155 

125 

155 

125 

155 

dB 

3 


I 

o 

H 


O 


NOTES: 

1.  Guaranteed  but  not  100%  tested. 

2.  Sample  tested. 

3.  Guaranteed  by  CMR  test. 
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OP-270  DUAL  LOW-NOISE  PRECISION  OPERATIONAL  AMPLIFIER  —  PRELIMINARY 


DICE  CHARACTERISTICS 


fa  :Jt  m 


DIE  SIZE  0.094  x  0.092  Inch,  8,648  sq.  mils 
(2.39  X  2.34  mm,  5.60  sq.  mm) 


1.  OUT  A 

2.  -IN  A 

3.  *  IN  A 

4.  V- 

5.  ^-IN  B 

6.  -IN  B 

7.  OUT  B 

8.  V- 


For  additional  DICE  ordering  information,  refer 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  atVs  =  ±15V,  TA  =  256C,  unless  otherwise  noted. 


OP-270GBC 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

100 

uVMAX 

Input  Offset  Current 

'OS 

VCM=0V 

15 

nA  MAX 

Input  Bias  Current 

lo 

VCM  =  °V 

15 

nA  MAX 

Large-Signal 
Voltage  Gain 

Auo 

Vo=*10V 
RL=  10kl! 
Rj_  =  2k  fl 

eoo 

400 

V/mV  MIN 

Input  Voltage  Range 

IVR 

(Note  1) 

*11 

V  MIN 

Output  Voltage  Swing 

Vo 

RL>2VM 

±12 

V  MIN 

Common  Mode  Rejection 

CMR 

VCM  =  i1W 

100 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  +4.5V1o±18V 

5.6 

,iV/V  MAX 

Slew  Rate 

SR 

1.4 

V/yS  MIN 

Supply  Current 
(All  Amplifiers) 

'SY 

No  Load 

5 

mA  MAX 

NOTES: 

1.  Guaranteed  by  CMR  test. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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OP-271 

HIGH-SPEED  LOW-NOISE  DUAL 
OPERATIONAL  AMPLIFIER 

PRELIMINARY 


FEATURES 

•  Excellent  Speed  ,  . .  8V/ps  Typ 

•  Low  Noise  lOnV/s/Hz" @  1kHz  Max 

•  Unity-Gain  Stable 

•  High  Gain-Bandwidth  6.5MHz  iyp 

•  Low  Input  Offset  Voltage   300jiV  Max 

•  Low  Offset  Voltage  Drift  2pV/°C  Max 

•  High  Gain  SOOV/mV  Mln 

•  Outstanding  CMR  10SdB  Mfn 

•  Industry  Standard  8-Pin  Dual  Pinout 

ORDERING  INFORMATION! 


TA=2S'C 
V0SMAX  . 

PACKAGE 

OPERATING 
TEMPERATURE 
RANGE 

(*V) 

CEHDIP 

PLASTIC 

LCC 

300 

0P271AZ' 

OP271  ARC/883 

MIL 

300 

OP271EZ 

XIND 

500 

OP271FZ 

XIND 

750 

OP271GP 

XIND 

750 

OP271GStt 

XIND 

'  For  devices  processed  in  total  compliance  to  MlL-STD-683,  add  /883  after 

part  number.  Consult  factory  for  863  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  19B8 

Data  Book.  Section  2. 
ttFor  availability  and  burn-in  information  on  SO  and  PLCC  packages, 

contact  your  local  sales  office. 

GENERAL  DESCRIPTION 

The  OP-271  is  a  monolithic  dual  op  amp  featuring  low  noise, 
10nV/V  Hz  Max  @  1kHz,  excellent  speed,  BV/jus  typical,  a 
gain-bandwidth  of  6.5MHz,  and  unity-gain  stability. 


The  OP-271  has  an  input  offset  voltage  under  300>V  and  an 
input  offset  voltage  drift  below  2pv7°C,  guaranteed  over  the 
full  military  temperature  range.  Open  loop  gain  of  the  OP-271 
is  over  500,000  into  a  10kl!  load  insuring  outstanding  gain 
accuracy  and  linearity.  The  input  bias  current  is  under  10nA 
limiting  errors  due  to  signal  source  resistance.  The  OP-271's 
CMR  of  over  105dB  and  PSRR  of  under  5.6jiWV  significantly 
reduce  errors  caused  by  ground  noise  and  power  supply 
fluctuations. 

PIN  CONNECTIONS 


('LiJLdlilHbilS 

KC  TJ  (t<  NC 

-IN*  JJ  [w  OUTB 

NC  TJ  QJ  NC 

+INA  TJ  [rt  HNS 

NC  TJ  fj*  NC 

CiTiRmr^ira^ 


LCC 
(RC-Sufflx) 


16-PIN  SOL 
(S-Suffix) 


EPOXY  MINI-DIP  (P-Suffix) 
8-PIN  HERMETIC  DIP 
(Z-Suffix) 


SIMPLIFIED  SCHEMATIC  (One  of  two  amplifiers  is  shown.) 


This  preliminary  product  Information  Is  based  on  testing  ol  a  limited  number  of  devices.  Final  specifications  may  vary.  Please  contact  local  sales 
office  or  distributor  lor  final  data  sheet. 
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The  OP-271  offers  excellent  amplifier  matching  which  is 
important  for  applications  such  as  multiple  gain  blocks,  low- 
noise  instrumentation  amplifiers,  dual  buffers  and  low-noise 
active  filters. 

The  OP-271  conforms  to  the  industry  standard  8-pin  DIP 
pinout.  It  is  pin  compatible  with  the  MC1458/1SS8,  RC4558, 
TL082  and  TL072  dual  op  amps  and  can  be  used  to  upgrade 
systems  using  these  devices. 

For  applications  requiring  even  lower  voltage  noise  the  OP- 
270,  with  a  voltage  density  of  3.5nV/V  Hz  Max  @  1kHz,  is 
recommended.  For  a  quad  op  amp,  see  the  OP-471. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 


Supply  Voltage  ±18V 

Internal  Power  Dissipation  (Note  1) 

P.  RC,  S,  Z-Package  500mW 

Differential  Input  Voltage  (Note  3)  ±1.0V 

Differential  Input  Current  (Note  3)  ±25mA 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration  Continuous 


Storage  Temperature  Range 
P,  RC,  S,  2-Package  -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)  300° C 

DICE  Junction  Temperature  (Tf)  -65°C  to  +150°C 

Operating  Temperature  Range 

OP-271A  -550CtO+125°C 

OP-271E,  OP-271F,  OP-271G  -40°C  to +85°C 


NOTES: 

1.  See  table  for  maximum  ambient  temperature  and  derating  (actor. 


MAXIMUM  AMBIENT 
TEMPERATURE 
PACKAGE  TYPE          FOR  RATING 

DERATE  ABOVE 
MAXIMUM  AMBIENT 
TEMPERATURE 

8-Pin  Hermetic  DIP  (Z)  7S°C 

e.7mw/°c 

8-Pin  Plastic  DIP  (P)              62° C 

5.6mW/°C 

20-Pin  LCC  (RC)  80°C 

7.8mWC 

2.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

3.  The  OP-271  '8  inputs  are  protected  by  back-to-back  diodes.  Current  limit- 
ing resistors  are  not  used  in  order  to  achieve  low  noise  performance.  If 
differential  voltage  exceeds  ±1.0V.  the  input  current  should  be  limited  to 
+  25mA. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25°C,  unless  otherwise  noted. 


OP-271  A/E 

OP-271  F 

OP-271  G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP  I 

MAX 

UNITS 

Input  Offset  voltage 

Vos 

100 

300 

250 

500 

350 

750 

cv 

Input  Offset  Current 

'OS 

vCM  =  ov 

3 

10 

6 

15 

12 

20 

nA 

Input  Bias  Current 

'a 

vCM  =  ov 

3 

10 

6 

15 

12 

20 

nA 

l0=  10Hz 

9 

15 

9 

15 

9 

15 

Input  Noise 
Voltage  Density 

»n 

f0=  1CX>Hz 
f0=  1kHz 
(Note  2) 

7 
6 

11 

10 

7 
6 

11 
10 

7 
6 

11 
10 

nVA/HT 

Large-Signal 
Voltage  Gain 

Avo 

Vo=±10V 
RL=  lOkfl 
RL  =  2k(l 

500 
350 

700 
550 

300 
175 

500 
275 

300 
175 

500 
275 

V/mV 

Input  Voltage  Range 

IVR 

(Note  3) 

±11 

±12 

±11 

±12 

±11 

±12 

V 

Output  Voltage  Swing 

Vo 

RL>2k(l 

±12 

±13 

ri2 

±13 

±12 

±13 

V 

Common-Mode  Rejection  CMR 

Vcu=i11V 

105 

120 

95 

115 

95 

115 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±4.5V  to  ±18V 

1 

5.6 

56 

17.8 

5.6 

17.8 

,iV/V 

Slew  Rate 

SR 

6.5 

8 

6.5 

a 

6.5 

a 

V/^s 

Supply  Current 
(All  Amplifiers) 

'sv 

No  Load 

4 

5 

A 

5 

A 

5 

mA 

Gain-Bandwidth  Product 

GBW 

Aw  =  +10 

6.5 

6.5 

6.5 

MHz 

Channel  Separalion 

CS 

Vo=20Vp 

fo  =  10Hz  (Notel) 

125 

150 

125 

150 

125 

150 

dB 

NOTES: 

1.  Guaranteed  but  not  100%  tested. 

2.  Sample  tested. 

3.  Guaranteed  by  CMR  test. 
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OP-271  HIGH-SPEED  LOW-NOISE  DUAL  OPERATIONAL  AMPLIFIER  —  PRELIMINARY 


DICE  CHARACTERISTICS 


DIE  SIZE  0.094  x  0.092  Inch,  8,648  sq.  mils 
(2.39  X  2.34  mm,  5.60  sq.  mm) 


1.  OUT  A 

2.  -IN  A 

3.  ^  IN  A 

4.  V- 

5.  I  IN  B 

6.  -IN  B 

7.  OUT  B 

8.  V  f 


For  additional  DICE  ordering  Information,  refer 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs  =  ±15V.  TA  =  25°C,  unless  otherwise  noted. 


OP-271GBC 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Input  Olfsel  Voltage 

Vos 

500 

lAI  MAX 

Input  Oflset  Current 

los 

VCM  =  ov 

15 

nA  MAX 

Input  Bias  Current 

la 

VCM  =  °V 

15 

nA  MAX 

Large-Signal 
Voltage  Gain 

Avo 

Vo  =  ±10V 
RL=  10KI! 
RL  =  2KI1 

300 
175 

V/mV  MIN 

Input  Voltage  Range 

IVR 

(Note  1) 

±11 

VMIN 

Output  Voltage  Swing 

v0 

RL>2M1 

-12 

VMIN 

Common-Mode  Rejection 

CMR 

vCM  =  f  tv 

95 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

VS  =  ±4.5V  10  ±  18V 

17.8 

,iV/V  MAX 

Slew  Rate 

SR 

6.5 

V/pS  MIN 

Supply  Current 
(All  Amplifiers) 

Isv 

No  Load 

5 

mA  MAX 

NOTES: 

1.  Guaranteed  by  CMR  lest. 

u-i 


Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaran- 
teed lor  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


< 

z 

o 

l-U 

o 
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FEATURES 

•  Single/Dual  Supply  Operation  +1.6V  to  +36V 

 ±0.8V  to  ±18V 

•  True  Single-Supply  Operation;  Input  and  Output  Voltage 
Ranges  Include  Ground 

•  Low  Supply  Current  (per  amplifier)  20>A  Max 

•  High  Output  Drive  5mA  Min 

•  Low  Input  Offset  Voltage  150uVMax 

•  High  Open-Loop  Gain   700V/mV  Min 

•  Outstanding  PSRR  5.6/iV/VMax 

•  Industry  Standard  8-Pin  Dual  Pinout 

ORDERING  INFORMATION! 

T»  =  2S'C  ;  MCKAOE  OPERATING 

V0SMAX   rociwwe  TEMPERATURE 

QiV)  CERDIP  PLASTIC  LCC  RANGE 

150  OP290AZ"  -  OP290ARC-  MIL 

150  OP290EZ  —  —  IND 

250  OP290F2  -  -  IND 

450  -  OP290GP  -  COM 

450  -  OP290GSH  —  COM 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  alter 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book.  Section  2. 
1 1  For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 

your  local  sales  office. 


OP-290 

PRECISION  LOW-VOLTAGE  MICROPOWER 
DUAL  OPERATIONAL  AMPLIFIER 

PRELIMINARY 

GENERAL  DESCRIPTION 

The  OP-290  is  a  high  performance  micropower  dual  op  amp 
that  operates  from  a  single  supply  of  +  1.6V  to  +36V  or  from 
dual  supplies  of  ±0.8  to  ±18V.  Input  voltage  range  includes 
the  negative  rail  allowing  the  OP-290  to  accommodate  input 
signals  down  to  ground  in  single  supply  operation.  The 
OP-290's  output  swing  also  includes  ground  when  operating 
from  a  single  supply,  enabling  "zero-in,  zero-out"  operation. 

PIN  CONNECTIONS 


✓  WiiJUlHllaJS 

KC  7]  Qt  NC 

-IN A  JJ  [>[  OUTB 

NC  JJ  QI  NC 

♦ina  JJ  Qs  -me 

KC  7]  [u  NC 


LCC 
(RC-Suffix) 


16-PIN  SOL 
(S-Suffix) 

EPOXY  MINI-DIP 
(P-Suffix) 

8-PIN  HERMETIC  DIP 
(Z-Suffix) 


SIMPLIFIED  SCHEMATIC  (One  of  two  amplifiers  is  shown.) 


6 


2n 


0 


6 


-< 


6 


=r    6  0 


This  preliminary  product  information  is  based  on  testing  ol  a  limited  number  ol  devices.  Final  specilications  may  vary.  Please  contact  local  sales 
office  or  distributor  for  final  data  sheet 
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The  OP-2S0  draws  less  than  20*iA  of  quiescent  supply  cur- 
rent per  amplifier,  while  able  to  deliver  over  5mA  of  output 
current  to  a  load.  Input  offset  voltage  is  below  150/iV  eliminat- 
ing the  need  for  external  nulling.  Gain  exceeds  700,000  and 
common-mode  rejection  is  better  than  100dB.  The  power 
supply  rejection  ratio  of  under  5.6/iV/V  minimizes  offset  vol- 
tage changes  experienced  in  battery  powered  systems. 

The  low  offset  voltage  and  high  gain  offered  by  the  OP-290 
bring  precision  performance  to  micropower  applications. 
The  minimal  voltage  and  current  requirements  of  the  OP-290 
suit  it  for  battery  and  solar  powered  applications,  such  as 
portable  instruments,  remote  sensors,  and  satellites.  For  a 
single  op  amp,  see  the  OP-S0;  for  a  quad,  see  the  OP-490. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage  ±18V 

Power  Dissipation  (Note  1)    500mW 

Differential  Input  Voltage  ....  [(V-)-20v]  to  [(V+)  +  20V] 
Common-Mode  Input  Voltage 

 [(V-)-20V]  to  [(V+)  +  20V] 


Output  Short-Circuit  Duration  Indefinite 

Storage  Temperature  Range 
P,  RC,  S,  Z  Package  -65°C  to  +150°C 

Operating  Temperature  Range 

OP-290A  -55°C  to  +125°C 

OP-290E,  OP-290F  -40°C  to  +85°C 

OP-290G  0°C  to  +70°C 

DICE  Junction  Temperature  (Tj)  -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)   300° C 

NOTES: 

1.  See  table  for  maximum  ambient  temperature  rating  and  derating  (actor. 

2.  Absolute  maximum  ratings  apply  to  both  packaged  parts  and  DICE,  unless 
otherwise  noted. 

MAXIMUM  AMBIENT         DERATE  ABOVE 
TEMPERATURE         MAXIMUM  AMBIENT 
PACKAGE  TYPE  FOR  RATING  TEMPERATURE 

8-Pin  Plastic  DIP  (P)  36'C  5.6mW/'C  

8-Pin  Hermetic  DIP  (Z)  75°C  6.7mW/°C  

20-Pin  LCC  (RC)  60«C  7.8mW/»C 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1.5V  to  ±15V,  TA  =  +250C,  unless  otherwise  noted. 


OP-290A/E 

OP-290F 

OP-290G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP  MAX 

UNITS 

Input  Ollset  Voltage 

Vos 

- 

50 

150 

75 

250 

— 

125 

450 

MV 

Input  OKset  Current 

'os 

VCM  =  0V 

0  4 

- 

0.4 

5 

0.4 

5 

nA 

Input  Bias  Current 

la 

V-..  =  OV 

4.0 

15 

4.0 

20 

4.0 

25 

nA 

VS=±15V.  Vo  =  ±10V 

Rt=  lOOkll 

700 

1200 

500 

1000 

400 

800 

RL=  10k[) 

350 

600 

250 

500 

200 

400 

Large  Signal 

*vo 

RL  =  2k() 

125 

250 

100 

200 

100 

200 

V/mV 

Voltage  Gain 

V+  =  5V.  V-  =  0V. 
1V<  VQ<4V 

RL  =  tOOkll 

200 

400 

125 

300 

100 

250 

RL=  10kl! 

100 

180 

75 

140 

70 

140 

Input  Voltage  Range 

IVR 

V+  =  5V,  V-  =  0V 
VS  =  ±15V  (Nolel) 

0/4 
-15/13.5 

0/4 
-15/13.5 

0/4 
-15/13.5 

V 

VS  =  ±15V 

v0 

RL=  lOkl) 

±14 

±14.2 

±14 

±14.2 

±14 

±14.2 

V 

RL=2k(l 

±11 

±12 

±11 

±12 

±11 

±12 

Output  Voltage  Swing 

V0H 

V+  =  5V.  V-  =  0V 
RL  =  2k(l 

4.0 

4.2 

4.0 

4.2 

4.0 

4.2 

V 

V+  =  5V.  V-  =  0V 

«V 

Vol 

RL=10k() 

100 

500 

100 

500 

100 

500 

Common-Mode 

CMR 

V+  =  5V.  V-  =  0V. 
0V<VCM<4V 

90 

110 

80 

100 

80 

100 

dB 

Rejection 

Vs=  ±15V. 
-15V<VCM<  13.5V 

100 

130 

90 

120 

90 

120 

Power  Supply 
Rejection  Ratio 

PSRR 

1.0 

5.6 

1.0 

5.6 

3.2 

10 

<iV/V 

Supply  Current 

VS  =  ±1.5V 

18 

30 

18 

30 

18 

30 

mA 

(At!  Amplifiers) 

'SY 

VS=±1SV 

28 

40 

28 

40 

28 

40 

Capacitive  Load 
Stability 

Av=  +1 

No  Oscillations 

650 

650 

650 

pF 

Input  Noise  Voltage 

enp-p 

I0  =  0.1Hz  to  10Hz 
VS=±15V 

3 

3 

3 

"Vp 

3 

£ 

Oh 

< 
-J 

i 

o 

a 

Ui 
Ph 

O 
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OP-290  PRECISION  LOW-VOLTAGE  MICROPOWER  DUAL  OPERATIONAL  AMPLIFIER  —  PRELIMINARY 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1.5V  to  ±15V.  TA  =  +25°C,  unless  otherwise  noted.  (Continued) 


OP-290A/E 

OP-2S0F 

OP-290G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

MIN 

TYP  MAX 

MIN 

TYP  MAX 

UNITS 

Input  Resistance 
Differential  Mode 

RIN 

VS=±15V 

30  - 

30  — 

30  — 

M(l 

Input  Resistance 
Common  Mode 

RINCM 

VS=±15V 

20  - 

20  — 

20  — 

Gil 

Slew  Rate 

SR 

VS  =  ±15V 

5 

12  - 

5 

12  — 

5 

12  - 

V/ms 

Gain  Bandwidth 
Product 

GBWP 

A„=+1 

20  - 

20  — 

20  - 

kHz 

fe  =  10Hz 

Channel  Separation 

CS 

Vo=20Vp.p 

Vs  =  i  15V  (Nolo  2) 

120 

150  — 

120 

150  - 

120 

150 

0B 

NOTES: 

1.  Guaranteed  by  CMR  test. 

2.  Guaranteed  but  not  100%  tested. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1.5V  to  ±15V,  -55°C  <  TA  <  125°C,  unless  otherwise  noted. 


OP-290A 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

SO 

400 

MV 

Average  Input  Offset 
Voltage  Drift 

TCV0S 

0.3 

2.5 

xWC 

Input  Offset  Current 

los 

VCM  =  0V 

1.5 

5 

nA 

Input  Bias  Current 

le 

VCM  =  0V 

4.0 

20 

nA 

VS=±15V.  Vo=±10V 

rl  =  iookn 

225 

400 

nL  =  iokii 

125 

240 

Large  Signal 

Av0 

RL  =  2kll 

50 

110 

V/mV 

Voltage  Gain 

V+  =  5V.  V-  =  0V. 
1V<V0<:4V 

RL  =  lOOkll 

100 

200 

RL=  lOkll 

50 

110 

Input  Voltage  Range 

IVR 

V+  =  5V.V-  =  0V  ,„  . 
VS=±15V  (N0,B1» 

0/3.5 
-15/13.5 

V 

VS  =  ±15V 

Vo 

RL=  10kll 

±13.5 

±13.7 

V 

RL  =  2kll 

+  10.5 

±11.5 

Output  Voltage  Swing 

V+  =  5V.  V-  =  0V 

V0H 

RL=  2kll 

3.9 

4.1 

V 

Vol 

V+  =  5V.  V-  =  0V 
RL=  lOkll 

100 

500 

*v 

Common-Mode  Rejection 

CMR 

V+  =  5V,  V-  =  0V.  0V  <  Va,  <  3.5V 
Vs  =  ±15V,  -15V  <  Vcj,  <  13.5V 

as 

95 

105 
115  • 

dB 

— 3  

Power  Supply 
Rejection  Ratio 

PSRR 

3.2 

10 

jiV/V 

Supply  Current 
(All  Amplifiers) 

'BY 

VS=±1.5V 
Vs  =  ±15V 

30 
38 

50 
60 

»A 

NOTE: 

1.  Guaranteed  by  CMR  test. 
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OP-290  PRECISION  LOW-VOLTAGE  MICROPOWER  DUAL  OPERATIONAL  AMPLIFIER  -  PRELIMINARY 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1.5V  to  ±15V, -40"C  <TA<  85"C  for  OP-290E/F.  0°C  <  TA<  70°C  for  OP-290G, 
unless  otherwise  noted. 


OP-290E 

OP-290F 

OP-2S0G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

MIN 

TYP  MAX 

MIN 

TYP  MAX 

UNITS 

fnnnt  ("Iff cot  Unltano 

v0S 

70 

270 

110 

S50 

180 

675 

*v 

Average  Input  Offset 
Voltage  Drift 

TCV0S 

0.3 

0.6 

1.2 

Input  Offset  Current 

'os 

VCM  =  0V 

— 

0.8 

3 

— 

1.0 

S 

— 

1.3 

7 

nA 

Input  Bias  Current 

•e 

VCM=OV 

- 

4.0 

15 

— 

4.0 

20 

- 

4.0 

25 

nA 

VS  =  ±15V,  Vo  =  ±10V 

RL=  100kll 

500 

600 

350 

700 

300 

600 

RL=  10kll 

250 

400 

- 

175 

350 

- 

150 

250 

- 

Large  Signal 

RL=2kll 

100 

200 

75 

150 

7S 

125 

V/mV 

Voltage  Gain 

V+  =  SV,  V-  =  OV, 
1V<V0<4V 

RL=  lOOkf) 

150 

260 

100 

220 

80 

160 

— 

RL  =  10k(! 

75 

140 

- 

50 

110 

40 

90 

(nput  Voltage  Range 

IVR 

V+  =  5V.  V-  =  OV 
VS  =  ±15V  (Notel) 

0/3.5 
-15/13.5 

— 

— 

0/3.5 
-15/13.5 

— 

— 

0/3.5 
-15/13.5 

— 

- 

V 

VS  =  ±15V 

v0 

RL=  10kll 

±13.5 

±14 

±13.5 

±14 

±13.5 

±14 

V 

RL  =  2kll 

±10.5 

±11.8 

±10.5 

±11.8 

- 

±10.5 

±11.8 

- 

Output  Voltage  Swing 

Vnu 
"OH 

V+  "  5V.  V-  =  OV 
RL=2kll 

3.9 

4.1 

3.9 

4.1 

3.9 

4.1 

V 

VOL 

V+  =  5V,  V-  =  OV 
RL=  10k(l 

100 

500 

100 

500 

100 

500 

/iV 

Common-Mode 

CMR 

V+  =  SV.  V-  =  OV, 
0V<VCM<3.SV 

90 

110 

80 

100 

80 

100 

<JB 

Rejection 

VS=±15V. 

-1SV  <  V0M  <  13.5V 

100 

120 

90 

110 

90 

110 

Power  Supply 
Rejection  Ratio 

PSRR 

1.0 

5.6 

3.2 

10 

5.6 

17.8 

(iV/V 

Supply  Current 

VS=±1.5V 

26 

50 

26 

50 

24 

50 

(All  Amplifiers) 

'sv 

VS=±15V 

34 

60 

34 

60 

32 

60 

Oh 


NOTE: 


1.  Guaranteed  by  CMR  lest. 
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 |pjj^OP-2S0  PRECISION  LOW-VOLTAGE  MICROPOWER  DUAL  OPERATIONAL  AMPLIFIER  - 

DICE  CHARACTERISTICS 


PRELIMINARY 


1.  OUT  A 

2.  -IN  A 

3.  +IN  A 

4.  V- 

5.  +IN  B 

6.  -IN  B 

7.  OUT  B 

8.  V+B 

9.  V+ A 


For  additional  DICE  ordering  Information,  reler 
to  1988  Data  Book,  Section  2. 


(2.77  x  1.70mm,  4.71  sq.  mm) 


WAFER  TEST  LIMITS  at  Vs  =  ±15V  to  ±15V.  TA  =  25°C,  unless  otherwise  noted. 

OP-2S0GBC 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Input  Offset  Voltage 

250 

uVMAX 

Input  Offset  Current 

'os 

VCM  =  0V 

5 

nA  MAX 

Input  Bias  Current 

If) 

VCM=0V 

20 

nA  MAX 

VS=±15V,  Vo=±10V 

RL=  100k!l 

500 

V/mV  MIN 

Large  Signal 

Avo 

RL  =  10klt 

250 

Voltage  Gain 

V+  =  5V.  V-  =  0V. 
1V<VQ<4V 
RL  =  100kll 

125 

V/mV  MIN 

Input  Voltage  Range 

IVR 

V+  =  5V.V-  =  0V   ,v,  ., 

vs=±,5V  ,No,e" 

0/4 
-15/13.5 

VMIN 

VS=±15V 

Vo 

RL  =  10ktl 
RL  =  2kIl 

±14 
±11 

VMIN 

Output  Voltage  Swing 

V+  =  5V.  V-  =  0V 

VMIN 

RL  =  2k(l 

4.0 

V+  =  5V.  V-  =  0V 

jiVMAX 

Vol 

RL=  10kll 

500 

Common-Mode  Rejection 

OMR 

V+  =  5V.  V-  =  OV.  0V  <  VCM  <  4V 
Vs  =  ±15V.  -15V  <  Vcu  <  13.5V 

SO 
90 

dBMIN 

Power  Supply 
Rejection  Ratio 

PSRR 

10 

j,V/V  MAX 

Supply  Current 
(All  Amplifiers) 

Isy 

Vs  =  i15V 

40 

iaA  MAX 

NOTES: 

1.  Guaranteed  by  CMR  test. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  quatification  through  sample  tot  assembly  and  testing. 
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OP-2S0  PRECISION  LOW-VOLTAGE  MICROPOWER  DUAL  OPERATIONAL  AMPLIFIER  —  PRELIMINARY 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


INPUT  OFFSET  VOLTAGE 
vs  TEMPERATURE 


INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


TEMPERATURE  (*C) 


-15    -50    -25      0      25      50      75     WO  125 
TEMPERATURE  CO 


SUPPLY  CURRENT 
vs  TEMPERATURE 


I  ■  1 

NO  LOAD 

■  tn 

v»- 

il5V 

-TS    -50    -25      0      25      50      75     100  125 
TEMPERATURE  CO 


OPEN-LOOP  GAIN  vs 
SINGLE-SUPPLY  VOLTAGE 


5  10  IS  20  25  30 
SINGLE-SUPPLY  VOLTAGE  (VOLTS) 


OPEN-LOOP  GAIN  AND 
PHASE  SHIFT  vs  FREQUENCY 


FREQUENCY  (Hz) 


CLOSED-LOOP  GAIN  OUTPUT  VOLTAGE  SWING  OUTPUT  VOLTAGE  SWING 

vs  FREQUENCY  vs  LOAD  RESISTANCE  vs  LOAD  RESISTANCE 


10  100  1k  10k  100k  100  Ik  10k  100k  100  Ik  10k  100k 

FREQUENCY  (Hz)  LOAD  RESISTANCE  (II)  LOAD  RESISTANCE  (II) 
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OP-290  PRECISION  LOW-VOLTAGE  MICROPOWER  DUAL  OPERATIONAL  AMPLIFIER  —  PRELIMINARY 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


POWER  SUPPLY  REJECTION 
vs  FREQUENCY 


COMMON-MODE  REJECTION 
vs  FREQUENCY 


FREQUENCY  (Hi) 


NOISE  VOLTAGE  DENSITY 
vs  FREQUENCY 

i — i — TT 


FREQUENCY  (Hi) 


CURRENT  NOISE  DENSITY 
vs  FREQUENCY 


i 
| 

\ 

■ 


SMALL-SIGNAL 
TRANSIENT  RESPONSE 


1 

■ 

■ 

jjj 

i 

■IIH 

■■ 

11 
■■ 

J 

m 

1 

■■ 

LARGE-SIGNAL 
TRANSIENT  RESPONSE 


■  ■■■■■■■■■I 

sssssshss 


nt  iokii 

Ct  SOOpF 


T4  JVC 


nt  lOMi 

CK  SOOpf 


FREQUENCY  (Hi) 


CHANNEL  SEPARATION  TEST  CIRCUIT 


r 


CHANNEL  5EP«B*TION     10  LOO 


APPLICATIONS  INFORMATION 

BATTERY-POWERED  APPLICATIONS 

The  OP-290  can  be  operated  on  a  minimum  supply  voltage  of 
+  1.6V,  or  with  dual  supplies  10.8V,  and  draws  only  16>A  of 
supply  current.  In  many  battery-powered  circuits,  the  OP-290 
can  be  continuously  operated  for  thousands  of  hours  before 
requiring  battery  replacement,  reducing  equipment  down- 
time and  operating  cost. 

High-performance  portable  equipment  and  instruments  fre- 
quently use  lithium  cells  because  of  their  long  shelf-life,  light 
weight,  and  high  energy  density  relative  to  older  primary 
cells.  Most  lithium  cells  have  a  nominal  output  voltage  of  3V 
and  are  noted  for  a  flat  discharge  characteristic.  The  low 
supply  voltage  requirement  of  the  OP-290.  combined  with  the 
flat  discharge  characteristic  of  the  lithium  cell,  indicates  that 
the  OP-290  can  be  operated  over  the  entire  useful  life  of  the 
cell.  Figure  1  shows  the  typical  discharge  characteristic  of  a 
1Ah  lithium  cell  powering  an  OP-290  with  each  amplifier,  in 
turn,  driving  full  output  swing  into  a  100kn  load. 
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OP-290  PRECISION  LOW-VOLTAGE  MICROPOWER  DUAL  OPERATIONAL  AMPLIFIER  -  PRELIMINARY 


FIGURE  1:  Lithium  Sulphur  Dioxide  Cell  Discharge 

Characteristic  With  OP-290  and  100kll  Loads 


o  I''''  1  1  1 

0       500     1000    1500    2000    2500    3000  3500 
HOURS 


INPUT  VOLTAGE  PROTECTION 

The  OP-290  uses  a  PNP  input  stage  with  protection  resistors  in 
series  with  the  inverting  and  noninverting  inputs.  The  high 
breakdown  of  the  PNP  transistors  coupled  with  the  protec- 
tion resistors  provides  a  large  amount  of  input  protection, 
allowing  the  inputs  to  be  taken  20V  beyond  either  supply 
without  damaging  the  amplifier. 

SINGLE-SUPPLY  OUTPUT  VOLTAGE  RANGE 

In  single-supply  operation  the  OP-290's  input  and  output 
ranges  include  ground.  This  allows  true  "zero-in,  zero-out" 
operation.  The  output  stage  provides  an  active  pull-down  to 
around  0.8V  above  ground.  Below  this  level,  a  load  resistance 
of  up  to  1  MCI  to  ground  is  required  to  pull  the  output  down  to 
zero. 

In  the  region  from  ground  to  0.8V  the  OP-290  has  voltage  gain 
equal  to  the  data  sheet  specification.  Output  current  source 
capability  is  maintained  over  the  entire  voltage  range  includ- 
ing ground. 


-J 

< 
>— I 

2 

o 
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Precision  MonolithicS  Inc. 


OP-400 


QUAD  LOW-OFFSET,  LOW-POWER 
OPERATIONAL  AMPLIFIER 


FEATURES 

•  Low  Input  Offset  Voltage  ISOpVMax 

•  Low  Offset  Voltage  Drift, 

Over-55°C  to  +125°C  1.2#iV/°C  Max 

•  Low  Supply  Current  (Per  Amplifier)   725/iA  Max 

•  High  Open-Loop  Gain  SOOOV/mV  Min 

•  Input  Bias  Current  , , ,  3nA  Max 

•  Low  Noise  Voltage  Density  11nV/\/Hz  at  1kHz 

•  Stable  With  Large  Capacitive  Loads  10nF  iyp 

•  Pin  Compatible  to  OP-11,  LM148,  HA4741,  RM41S6,  and 
LT1014  With  Improved  Performance 


ORDERING  INFORMATION? 


TA=25"C 
Vos  MAX 
<«V) 

PACKAGE 

OPERATING 

CERDIP 

PLASTIC 

  TEMPERATURE 

LCC  RANGE 

150 

OP400AV 

OP400ATC/883  MIL 

150 

OP400EY 

-  IND 

230 

OP400FY 

-  IND 

300 

OP400GP 

-  COM 

300 

OP400GSW 

-  COM 

*  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /663  after 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book,  Section  2. 
t!  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 
contact  your  local  sales  office. 


GENERAL  DESCRIPTION 

The  OP-400  is  the  first  monolithic  quad  operational  amplifier 
that  features  OP-77  type  performance.  Precision  perfor- 
mance no  longer  has  to  be  sacrificed  to  obtain  the  space  and 


cost  savings  offered  by  quad  amplifiers. 

The  OP-400  features  an  extremely  low  input  offset  voltage  of 
less  than  15CVV  with  a  drift  of  under  1.2/iV/°C,  guaranteed 

PIN  CONNECTIONS 


OUT  A  [T 
-IN  A  [7 
*  IN  A  [T 

v.rr 

•  IN  B  [T 
-IN  B  [T 
OUTB  (T 


3Hg 


u]  OUT  O 
«]  -IND 
i>]  *IND 

77]  V- 
]o]  «INC 
-INC 

TIoutc 


14-PIN  HERMETIC  DIP 
(Y-Suffix) 

14-PIN  PLASTIC  DIP 
(P-Suffix) 


(j    Z    3    U    £    Z  U 

z  *T  o  z  o    i  z 

TzronniTJisiMiEr 


N.C. 

3 

r» 

N.C. 

+IN  A 

E 

E 

♦IND 

N.C. 

3 

H 

N.C. 

V* 

7J 

E 

V- 

N.C. 

3 

IE 

N.C. 

♦in  a 

i3 

a 

♦IN  C 

N.C. 

N.C. 

\  rarararaniiMnii 

16-PIN  SOL 
(S-Suffix) 


28-LEAD  LCC 
(TC-Sufflx) 


SIMPLIFIED  SCHEMATIC  (One  of  four  amplifiers  is  shown.) 


© 


VOLTAGE 
LIMITING 
NETWORK 


♦IN  O— \AA —  — —  — VA — O  -IN 


0      Q  © 


J— 


Q) 


©  © 
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OP-400  QUAD  LOW-OFFSET,  LOW-POWER  OPERATIONAL  AMPLIFIER 


over  the  full  military  temperature  range.  Open-loop  gain  of 
the  OP-400  is  over  5,000,000  into  a  10kH  load;  input  bias 
current  is  under  3nA;  CMR  is  above  120dB  and  PSRR  below 
1.8/<V/V.  On-chip  zener-zap  trimming  is  used  to  achieve  the 
low  input  offset  voltage  of  the  OP-400  and  eliminates  the 
need  for  offset  nulling.  (The  OP-400  conforms  to  the  in- 
dustry-standard quad  pinout  which  does  not  have  null 
terminals.) 

The  OP-400  features  low  power  consumption,  drawing  less 
than  725/uA  per  amplifier.  The  total  current  drawn  by  this 
quad  amplifier  is  less  than  that  of  a  single  OP-07,  yet  the 
OP-400  offers  significant  improvements  over  this  industry- 
standardop  amp.  Voltage  noise  density  of  the  OP-400  is  a  low 
HnV/\/Hz  at  10Hz  which  is  half  that  of  most  competitive 
devices. 

The  OP-400  is  pin  compatible  with  the  OP-11 ,  LM148,  HA4741 , 
RM4156,  and  LT1014  operational  amplifiers  and  can  be  used 
to  upgrade  systems  using  these  devices.  The  OP-400  is  an 
ideal  choice  for  applications  requiring  multiple  precision 
operational  amplifiers  and  where  low  power  consumption  is 
critical. 


Differential  Input  Voltage  ±30V 

Input  Voltage   Supply  Voltage 

Output  Short-Circuit  Duration   Continuous 

Storage  Temperature  Range 

P,  TC,  Y-Package   -65°C  to  +  1S0°C 

Lead  Temperature  Range  (Soldering,  60  sec)  300°C 

DICE  Junction  Temperature  (T()  -65°C  to  +  150°C 

Operating  Temperature  Range 

OP-400A  -55°C  to  +  125"C 

OP-400E,  OP-400F  -25°C  to  +85°C 

OP-400G  0oCto+70°C 

NOTES: 

1.  See  table  lor  maximum  ambient  temperature  and  derating  lactor. 

MAXIMUM  AMBIENT         DERATE  ABOVE 
TEMPERATURE         MAXIMUM  AMBIENT 
PACKAGE  TYPE  FOR  RATING  TEMPERATURE 

14-Pin  Hermetic  DIP  (Y)  70°C  10.0mW/°C 

14-Pin  Plastic  DIP  (P)  70°C  9.1mW/°C 

26-Pin  Lead  LCC  (TC)  100° C  10.0mW/°C 

2.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless  t/J 
otherwise  noted. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage  ±20V 

Internal  Power  Dissipation  (Note  1) 

Y-Package  800m  W 

P,  TC-Package  500m W 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +2S°C,  unless  otherwise  noted. 


OP-400A/E 

OP-400F 

OP-400G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

MIN 

TYP 

MAX 

MIN  TYP 

MAX 

UNITS 

Input  Offset 
Voltage 

Vos 

-  40 

150 

60 

230 

—  80 

300 

Long  Term  Input 
Voltage  Stability 

—  0.1 

0.1 

-  0.1 

/iV/mo 

Input  Offset 
Current 

'OS 

VCM  =  0V 

—  0.1 

1.0 

0.1 

2.0 

-  0.1 

3.5 

nA 

Input  Bias 
Current 

>b 

VCM  =  0V 

—  0.75 

3.0 

0.75 

6.0 

—  0.75 

7.0 

nA 

Input  Noise 
Voltage 

enp-p 

0.1Hz  to  10Hz 

—  0.5 

0.5 

-  0.5 

"vp-p 

Input  Noise 
Voltage  Density 

en 

fo  =  10Hz 

.O=,000Hz,N°'e1) 

-  22 

—  11 

36 
18 

22 
11 

36 
18 

-  22 

—  11 

nV/v/Hz" 

Input  Noise 
Current 

'np-p 

0.1Hz  to  10Hz 

-  15 

15 

—  15 

P*pp 

Input  Noise 
Current  Density 

'n 

l0=  10Hz 

-  0.6 

0.6 

-  0.6 

pA/v'  Hz 

Input  Resistance 
Differential  Mode 

RIN 

-  10 

10 

-  10 

Mil 

Input  Resistance 
Common  Mode 

RINCM 

-  200 

200 

—  200 

Gil 

Large  Signal 

Vo=±10V  RL  =  lOklt 

5000  12000 

3000 

7000 

3000  7000 

V/mV 

Voltage  Gain 

AVO 

RL  =  2kl! 

2000  3500 

1500 

3000 

1500  3000 

-J 


< 

2 
O 

I 

O 
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OP-400  QUAD  LOW-OFFSET,  LOW-POWER  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs=  ±15V,  TA  =  +25°C,  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-400A/E 
MIN     TYP  MAX 

OP-400F 

MIN      TYP  1 

MAX 

OP-400G 

MIN      TYP  1 

UAX 

UNITS 

Input  Vbltsgo 
Range 

IVR 

Note3 

±12 

±13 

- 

±12 

±13 

±12 

±13 

V 

Common  Mode 
Reiection 

CMR 

120 

140 

— 

115 

140 

— 

110 

135 

— 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±3V  to  ±18V 

_ 

0.1 

1.8 

— 

0.1 

3.2 

— 

0.2 

5.6 

(iV/V 

Output  Voltage 
Swing 

v0 

RL=  10kn 

RL  =  2kn 

±12 
±11 

±12.6 
±12.2 

- 

±12 
±11 

±12.6 
±12.2 

: 

±12 
±11 

±12.6 
±12.2 

- 

V 

Supply  Current 
Per  Amplifier 

'sv 

No  Load 

600 

725 

— 

600 

725 

— 

600 

725 

,iA 

Slew  Rate 

SR 

0.1 

0.1S 

0.1 

0.15 

- 

0.1 

0.15 

- 

V/(|S 

Gain  Bandwidth 
Product 

GBWP 

Av  =  +1 

500 

500 

500 

kHz 

Channel 
Separation 

CS 

Vo=Z0Vp.p 

f0=  10Hz  (Note  2) 

123 

135 

123 

135 

123 

135 

dB 

Input 

Capacitance 

3.2 

3.2 

3.2 

pF 

Capacitive  Load 
Stability 

Av=+1 

No  Oscillations 

10 

10 

10 

nF 

NOTES: 

1.  Sample  tested. 

2.  Guaranteed  but  not  100%  tested. 

3.  Guaranteed  by  CMR  test. 


ELECTRICAL  CHARACTERISTICS  at  Vs=  ±15V,  -55°C  <  TA<  125"C  for  OP-400A,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-400A 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

70 

270 

cV 

Average  Input  Offset 
Voltage  Drill 

TCV0S 

0.3 

1.2 

(IWC 

Input  Offset  Current 

I  OS 

Vc«=0V 

0.1 

2.5 

nA 

Input  Bias  Current 

Is 

vCM  =  ov 

1.3 

5.0 

nA 

Large  Signal 
Voltage  Gain 

AvO 

Vo=±10V  RL=10kfl 
RL  =  2kil 

3000 
1000 

9000 
2300 

V/mV 

Input  voltage  Range 

IVR 

Note  1 

±12 

±12.5 

V 

Common  Mode  Rejection 

CMR 

VcM=±«V 

115 

130 

dS 

Power  Supply 
Reiection  Ratio 

PSRR 

Vs=±3Vto±18V 

0.2 

3.2 

xWV 

Output  voltage  Swing 

Vo 

RL=  tOMI 
RL=2kll 

±12 
±11 

±12.4 
±12 

V 

Supply  Current 
Per  Amplifier 

No  Load 

600 

775 

(.A 

Capacitive  Load  Stability 

Av  =  +1 

No  Oscillations 

8 

nF 

NOTE: 

1.  Guaranteed  by  CMR  test. 
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OP-400  QUAD  LOW-OFFSET,  LOW-POWER  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  -25°C  <  TA<  +850C  lor  OP-400E/F.  0°C  <  TA<  +  70°C  for  OP-400G.  unless 
otherwise  noted. 


OP-400E 

OP-400F 

OP-400G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TVP 

MAX 

MIN 

TVP 

MAX 

UNITS 

Input  OMset 
Voltage 

Vos 



60 

220 

_ 

B0 

350 

- 

110 

400 

/iV 

Average  Input 
Ollsel  Voltage  Drill 

TCV0S 

0.3 

1.2 

0.3 

2.0 

- 

0.6 

2.5 

liV/'C 

Input  Offset 
Current 

'os 

Vcm  =  OV 

0.1 

2.5 

0.1 

3.5 

- 

0.2 

6.0 

nA 

Input  Bias 
Current 

Is 

Vcm  =  OV 

0.9 

5.0 

0.9 

10.0 

1.0 

12.0 

nA 

Large  Signal 

V0=  ±10V  R(_  =  lOkll 

3000 

10000 

— 

2000 

5000 

2000 

5000 

— 

V/mV 

Voltage  Gain 

AyO 

RL  =  2ktl 

1500 

2700 

1000 

2000 

1000 

2000 

Input  Voltage 
Range 

IVR 

Note  1 

±12 

±12.5 

±12 

±12.5 

±12 

±12.5 

V 

Common  Mode 
Rejection 

CMR 

115 

135 

110 

135 

105 

130 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±3Vto±1BV 

0.15 

3.2 

0.15 

5.6 

0.3 

10.0 

nVIV 

Output  Voltage 

Vo 

RL=  lOkll 

±12 

±12.4 

±12 

±12.4 

±12 

±12.6 

V 

Swing 

Rt=2kll 

±11 

±12 

±11 

±12 

±11 

±12.2 

Supply  Current 
Per  Amplifier 

ISY 

No  Load 

600 

775 

600 

775 

600 

775 

mA 

Capacitive  Load 
Stability 

Av=  +1 

No  Oscillations 

10 

10 

10 

nF 

NOTE: 

1.  Guaranteed  by  CMR  test. 


PL) 

E 

< 

O 

Oh 

o 


5-343 


10/87,  Rev.  C1 


OP-400  QUAD  LOW-OFFSET,  LOW-POWER  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS 


DIE  SIZE  0.181  X  0.123  Inch,  22,263  sq.  mils 
(4.60  x  3.12  mm,  14.35  sq.  mm) 


WAFER  TEST  LIMITS  at  Vs  =  ±15V.  TA 

=  -i-25°C,  unless  otherwise  noted. 

OP-400GBC 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Input  Oflset  Voltage 

V0S 

230 

dV  MAX 

Input  Offset  Current 

'OS 

VCu  ;  OV 

2 

nA  MAX 

Input  Bias  Current 

>B 

Vcw  =  0V 

6 

nA  MAX 

Large  Signal 
Voltage  Gain 

Avo 

V0=  tlOV  RL=  10M! 

RL=  2kl! 

3000 
1500 

V/mV  MIN 

Input  Voltage  Range 

IVR 

Note  1 

±12 

V  MIN 

Common  Mode  Rejection 

CMR 

VCU--12V 

115 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

vs  =  ±3V  to^mv 

3.2 

»iV/V  MAX 

Output  Vollage  Swing 

Vo 

RL=  tOkl! 
RL  =  2k!! 

♦12 
111 

V  MIN 

Supply  Current 
Per  Amplifier 

No  Load 

725 

liA  MAX 

NOTES: 

1.  Guaranteed  by  CMR  lest. 

Electrical  tests  are  performed  at  water  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not  guaran- 
teed for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


WARM-UP  DRIFT 


ta  •  a'c 

3  4  5 

E  IMINUTESI 


5  40 

i 


INPUT  OFFSET  VOLTAGE 
vs TEMPERATURE 


\ 

\ 

 1 

— 1 

15V 

\ 

\ 

\ 
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■ 

N 

-75     -50     -25      0       25      50      75     100  125 
TEMPERATURE  l°CI 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 
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s 
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vs  TEMPERATURE 
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INPUT  BIAS  CURRENT  vs 
COMMON-MODE  VOLTAGE 
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COMMON-MODE  REJECTION 
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OP-400  QUAD  LOW-OFFSET,  LOW-POWER  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


TOTAL  SUPPLY  CURRENT  TOTAL  SUPPLY  CURRENT  POWER  SUPPLY  REJECTION 

vs  SUPPLY  VOLTAGE  vs  TEMPERATURE  vs  FREQUENCY 


SUPPLY  VOLTAGE  (VOLTS)  TEMPERATURE  ['CI  FREQUENCY  (H/l 


POWER  SUPPLY  REJECTION  OPEN-LOOP  GAIN  OPEN-LOOP  GAIN  AND 

vs  TEMPERATURE  vs  TEMPERATURE  PHASE  SHIFT  vs  FREQUENCY 


TEMPERATURE  (°CI  TEMPERATURE  (°C)  FREQUENCY  (Hi) 


CLOSED-LOOP  GAIN 
vs  FREQUENCY 


MAXIMUM  OUTPUT  SWING 
vs  FREQUENCY 


Ik  10k  100k 
REQUENCY  (Mil 


TOTAL  HARMONIC 
DISTORTION  vs  FREQUENCY 


FREQUENCY  (H/l 


Ik 

FREQUENCY  (Hf) 
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OP-400  QUAD  LOW-OFFSET,  LOW-POWER  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


OVERSHOOT  vs 
CAPACITIVE  LOAD 


tS*E 

r 

faliu 

RISING 

f 

»i  1°  IV         10         IS  IS 

C««ITIVt  LOAD  mil 


SHORT-CIRCUIT  CURRENT 
vsTIME 


CHANNEL  SEPARATION 
vs  FREQUENCY 


LARGE-SIGNAL 
TRANSIENT  RESPONSE 


SMALL-SIGNAL 
TRANSIENT  RESPONSE 


SMALL-SIGNAL 
TRANSIENT  RESPONSE 
Cload  =  1nF 
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OP-400  QUAD  LOW-OFFSET,  LOW-POWER  OPERATIONAL  AMPLIFIER 


BURN-IN  CIRCUIT 


-18V 

ONO 

O 

H 

13 

12  . 

11 

TO 

0 

9  e 

(i 

V- 
V* 

1 

6 

2 

3 

4 

5 

6  7 

O 

♦  18V 

APPLICATIONS  INFORMATION 

The  OP-400  is  inherently  stable  at  all  gains  and  is  capable  of 
driving  large  capacitive  loads  without  oscillating.  Nonethe- 
less, good  supply  decoupling  is  highly  recommended.  Proper 
supply  decoupling  reduces  problems  caused  by  supply 
line  noise  and  improves  the  capacitive  load  driving  capability 
of  the  OP-400. 

Total  supply  current  can  be  reduced  by  connecting  the  inputs 
of  an  unused  amplifier  to  V-.  This  turns  the  amplifier  off, 
lowering  the  total  supply  current. 


APPLICATIONS 

DUAL  LOW-POWER  INSTRUMENTATION  AMPLIFIER 

A  dual  instrumentation  amplifier  that  consumes  less  than 
33mW  of  power  per  channel  is  shown  in  Figure  1.  The  linear- 
ity of  the  instrumentation  amplifier  exceeds  16bitsingainsof 
5  to  200  and  is  better  than  14  bits  in  gains  from  200  to  1000. 
CMRR  is  above  115dB  (Gain  =  1000).  Offset  voltage  drift  is 
typically  0.4pV/°C  over  the  military  temperature  range 


which  is  comparable  to  the  best  monolithic  instrumentation 
amplifiers.  The  bandwidth  of  the  low-power  instrumentation 
amplifier  is  a  function  of  gain  and  is  shown  below: 


GAIN 

BANDWIDTH 

5 

150kHz 

10 

67kHz 

100 

7.5kHz 

1000 

500Hz 

The  output  signal  is  specified  with  respect  to  the  reference 
input,  which  is  normally  connected  to  analog  ground.  The 
reference  input  can  be  used  to  offset  the  output  from  -10V  to 
+  10V  If  required. 

FIGURE  1:  Dual  Low-Power  Instrumentation  Amplifier 
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OP-4C0  QUAD  LOW-OFFSET,  LOW-POWER  OPERATIONAL  AMPLIFIER 


FIGURE  2:  Bipolar  Current  Transmitter 
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BIPOLAR  CURRENT  TRANSMITTER 

In  the  circuit  of  Figure  2,  which  is  an  extension  of  the  stan- 
dard three  op-amp  instrumentation  amplifier,  the  output  cur- 
rent is  proportional  to  the  differential  input  voltage.  Maxi- 
mum output  current  is  ±5mA  with  voltage  compliance  equal 
to  ±  10V  when  usl  ng  ±  15V  supplies.  Output  impedance  of  the 
current  transmitter  exceeds  3MO  and  linearity  is  better  than 
16  bits  with  gain  set  for  a  full  scale  input  of  +10G>V. 


DIFFERENTIAL  OUTPUT  INSTRUMENTATION  AMPLIFIER 

The  output  voltage  swing  of  a  single-ended  instrumentation 
amplifier  is  limited  by  the  supplies,  normally  at  ±15V,  to  a 
maximum  of  24Vp.p.The  differential  output  instrumentation 
amplifier  of  Figure  3  can  provide  an  output  voltage  swing  of 
48Vp_p  when  operated  with  ±  15V  supplies.  The  extended  out- 
put swing  is  due  to  the  opposite  polarity  of  the  outputs.  Both 
outputs  will  swing  24Vp.p  but  with  opposite  polarity,  for  a  total 
output  voltage  swing  of  48VP.P.  The  reference  input  can  be 
used  to  set  a  common-mode  output  voltage  over  the  range 
±10V.  PSRR  of  the  amplifier  is  less  than  1*tV/V  with  CMRR 
(Gain  =  1000)  better  than  115dB.  Offset  voltage  drift  is  typi- 
cally 0.4pV/°C  over  the  military  temperature  range. 


FIGURE  3:  Differential  Output  Instrumentation  Amplifier 
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OP-400  QUAD  LOW-OFFSET,  LOW-POWER  OPERATIONAL  AMPLIFIER 


MULTIPLE  OUTPUT  TRACKING  VOLTAQE  REFERENCE 

Figure  4  shows  a  circuit  that  provides  outputs  of  10V,  7.5V, 
5 V,  and  2.5V  for  use  as  a  system  voltage  reference.  Maximum 
output  current  from  each  reference  is  5mA  with  load  regula- 
tion under  25/iV/mA.  Line  regulation  is  better  than  15/*V/V 


and  output  voltage  drift  is  under  20>V/°C.  Output  voltage 
noise  from  0.1  Hz  to  10Hz  is  typically  75pVp-p  from  the  10V 
output  and  proportionately  less  from  the  7.5V,  5V,  and  2.5V 
outputs. 


FIGURE  4:  Multiple-Output  Tracking  Voltage  Reference 
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Precision  JVlonolithics  Inc. 


OP- 420 


QUAD  MICROPOWER 
OPERATIONAL  AMPLIFIER 


FEATURES 

•  Low  Supply  Current   200>A  Max  @  Vs=  +5V 

•  Single-Supply  Operation   +5VIO+30V 

•  Dual-Supply  Operation   ±  2.5V  to  ±  15V 

•  Low  Input  OHset  Voltage   SOOpVTyp 

•  Low  Input  Offset  Voltage  Drift   5pV/°  C  Typ 

•  High  Common-Mode  Input  Range  ...  V-  to  (V+  -  1.5V) 

•  High  CMRR    lOOdBTyp 

•  High  Open-Loop  Gain   1100 V/mV  Typ 

•  LM148Pinout 

ORDERING  INFORMATION! 

PACKAGE 

TA  =  25°C       HERMETIC  OPERATING 
V0S  MAX             DIP  TEMPERATURE 
(mV)  14-PIN  LCC  RANGE 

2.5  OP420BV  —  MIL 
2.5  OP420FY  -  IND 
4.0  OP420CY*  OP420CRC/883  MIL 
4.0  OP420GY  -  IND 
6.0  OP420HY  —  COM 

•  For  devices  processed  in  total  compliance  to  MIL-STD-863.  add  /883  alter 
part  number.  Consult  factory  lor  863  data  sheet. 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book.  Section  2. 

GENERAL  DESCRIPTION 

The  OP-420  quad  micropower  operational  amplifier  is  a 
single-chip  quad  patterned  after  the  OP-20  precision  micro- 

SIMPLIFIED  SCHEMATIC  (1/4  Shown) 


power  single  operational  amplifier.  A  Darlington  PNP  input 
stage  allows  the  input  common-mode  voltage  to  include  V-. 
The  wide  input  range  combined  with  low  power-supply  drain 
(-40>iA/section  at  SV),  provides  a  unique  solution  for  designs 
requiring  high  functional  density  and  portable  operation. 
Applications  include  two-wire  transmitters  for  process 
control  loops,  battery-operated  remote-line  filters,  signal 
preconditioning  amplifiers,  and  a  variety  of  multiple-gain 
block  arrays. 

For  micropower  applications  requiring  offset  nulling,  see  the 
OP-20,  OP-21  and  OP-22  data  sheets. 

PIN  CONNECTIONS 
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OP-420  QUAD  MICROPOWER  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage    ±18V 

Internal  Power  Dissipation  (Note  1  ]    500mW 

Differential  Input  Voltage  ±30V 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration    Continuous 

(One  Amplifier  Only) 

Storage  Temperature  Range   -65"  C  to +150"  C 

Lead  Temperature  Range  (Soldering,  60  seci    300° C 

Operating  Temperature  Range 
OP-420BY,  OP-420CY,  OP-420CRC  ..  -55°C  to +125°C 
OP-420FY,  OP-420GY   -25"  C  to +85"  C 


OP-420HY   0°Cto+70°C 

DICE  Junction  Temperature  (T|)    -65" C  to +150° C 

NOTES: 

1.  See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

14-Pin  Hermetic  DIP  (Y) 

100"  c 

10.0mW/"C 

2.  Absolute  maximum  ratings  apply  to  both  packaged  parts  and  DICE,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25° C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-420B 
OP-420F 
TYP 

MAX 

MIN 

OP-420C 
OP-420G 

TYP 

MAX 

OP-420H 

MIN  TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

Vs=±2.5Vto±15V 

— 

0.5 

2.5 

— 

1 

4 

- 

2 

6 

mV 

Input  Offset  Current 
INoteD 

los 

Vs  =  ±2.5V  to  ±  15V 

0.5 

1.5 

0.6 

2.5 

1.2 

6 

nA 

Input  Bias  Current 
(Note  11 

'b 

Vs=±2.5Vto±15V 

- 

9 

20 

- 

12 

30 



18 

40 

nA 

Input  Noise  Voltage 
Density 

<>n 

fQ=  10Hz 
f0=  100Hz 

— 

50 

50 

50 

nv/\ZTir 

Input  Noise  Current 
Density 

In 

f0=  100Hz 

0.12 

0.12 

0.12 

PA/x/hT 

Input  Voltage  Range 

IVR 

V+=+5V.V-  =  0V 
VS  =  ±1SV 

0/3.5 
-15/13.5 

0/3.5 
-15/13.5 

0/3  S 

-15/13.5 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

V+=+5V.V-  =  0V 

0V£VCM£3.5V 

VS=±15V 

-15V  SVcuS  13.5V 

83 
S3 

100 
100 

80 
80 

96 
96 

76 
76 

90 
90 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±2.5Vto±15V;& 
V-  =  0V.  V+  =  5Vto30V 

10 

30 

20 

50 

30 

80 

pV/V 

Large-Signal 
Voltage  Gain 

Av0 

RL  =  25kn. 
Vo=±10V 

600 

1100 

400 

900 

200 

800 

V/mV 

Slew  Rate 

SR 

0.05 

0.05 

0.05 

V/flS 

Closed-Loop 
Bandwidth 

BW 

AVCL=+1.0 
RL=10kf» 

150 

150 

150 

kHz 

Output  Voltage 
Swing 

Vo 

V+  =  5V.V-=0V. 
RL=10kft 
VS=±15V. 
RL=25kn 

0.7/4.1 
±14.0 

0.8/4.0 
±14.0 

0.9/3.8 
±13.8 

V 

Supply  Current 
(Four  Amplifiers) 

>S» 

VS=±2.5V,  No  Load 
VS  =  ±15V.  No  Load 

140 
330 

200 
360 

170 
360 

300 
460 

200 
390 

400 
600 

(•A 

NOTE: 

1.  Iq  and  los  are  measured  at  Vcm  =  0. 
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OP-420  QUAD  MICROPOWER  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs=  ±  15V,  -55"C <  TA<  + 125° C  for  OP-420B  and  OP-420C.  -25° C  <  TA<  +85°C 
for  OP-420F  and  OP-420G,  and  0"C  <  TA<  +70°C  for  OP-420H,  unless  otherwise  noted. 


OP-420B 

OP-420C 

OP-420F 

OP-420G 

OP-420H 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TVP 

MAX 

MIN 

TYP  MAX 

MIN 

TYP 

MAX 

UNITS 

Average  Input  Offset 
voltage  Drift  (Note  1) 

TCV0S 

Unnulled 

- 

5 

10 

- 

8 

15 

- 

15 

25 

jiV/'C 

Input  Offset  Voltage 

Vos 

V8  =  ±2.5Vto±15V 

— 

— 

3.5 

— 

5.5 

7.5 

mV 

Input  Offset  Current 
(Note  2) 

"os 

Vs  =  ±2.5VtO±1SV 

3 

4 

8 

nA 

Input  Bias  Current 
(Note  2) 

•b 

Vs=±2.5VtO±15V 





30 



40 

60 

nA 

Input  voltage  Range 

IVR 

V+  =  +5V,  V-  =  0V 
VS=±15V 

0/32 
-15/13.2 

- 

- 

0'3  2 
-15/13.2 

- 

- 

0/3.2 
-15/13.2 

- 

- 

V 

Common-Mode 

CMRR 

V+  =  +5V,  V-  =  0V, 
0VSVCMS35V 

76 

96 

- 

73 

92 

- 

73 

66 

- 

dB 

Rejection  Ratio 

VS=±1SV, 
-ISVSVcMSmV 

76 

96 

- 

73 

92 

73 

86 

- 

Power  Supply 

PSRR 

V8=±2.5VtO±15V 
and  V-  =  OV,  V+  =  5V 
to30V 

15 

50 

25 

60 

40 

100 

|iV/V 

Large-Signal 
voltage  Gain 

Avo 

VS=±1SV,  RL  =  S0kfl, 
Vo=±10V 

300 

800 

200 

650 

100 

400 

V/mV 

Output  Voltage 

V+  =  SV,  V-  =  ov, 
RL=20kfl 

0.9/3.9 

1.0/3.8 

1.1/3.6 

V 

Swing 

Vo 

VS=±1SV. 
RL=50kn 

±13.8 

±13.8 

±13.6 

Supply  Current 

Vs=±  25V,  NoLoad 

170 

300 

210 

400 

250 

600 

(Four  Amplifiers) 

VS  =  ±15V.  NoLoad 

390 

500 

420 

640 

500 

800 

NOTES: 

1.  Sample  tested. 

2.  lBand  losaremeasuredatVcM— 0. 


to 
w 

M 

PL, 

Oh 


I 

o 
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OP-420  QUAD  MICROPOWER  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS 


1.  OUTPUT  1 

2.  INVERTING  INPUT  1 

3.  NON INVERTING  INPUT  1 

4.  V+ 

5.  NONINVERTING  INPUT  2 

6.  INVERTING  INPUT  2 

7.  OUTPUT  2 

8.  OUTPUT  3 

9.  INVERTING  INPUT  3 

10.  NONINVERTING  INPUT  3 

11.  V- 

12.  NONINVERTING  INPUT  4 

13.  INVERTING  INPUT  4 

14.  OUTPUT  4 


DIE  SIZE  0.093  x  0.087  inch.  8091  sq.  mils  For  additional  DICE  ordering  information,  refer 

(2.36  x  2.21  mm,  5.22  sq.  mm)  to  1988  Data  Book.  Section  2. 


WAFER  TEST  LIMITS  at  VS  =  ±15V,  TA=  25° C,  unless  otherwise  noted. 

OP-420N 

OP-420G 

OP-420GR 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Input  Oflsei  Voltage 

Vos 

VS  =  ±2.5V  IOI15V 

2.5 

4 

6 

mV  MAX 

Input  Offset  Current 

los 

Vs  =  ±2.5Vto±15V..Note1) 

1.5 

2.5 

6 

nA  MAX 

Input  Bias  Current 

'b 

Vs  =  ±2.5Vto±15V.(Nole1) 

20 

30 

40 

nA  MAX 

Input  Voltage  Range 

IVR 

-15/13.5 

-15/13.5 

-15/13.5 

V  MIN 

Common-Mode  Rejection  Ratio 

CMRR 

V+  =  +5V.  V-  =  0V 
0V  <  Vcu  <  3.5V 

63 
63 

80 
60 

76 
76 

dB  MIN 

Vs  =  ±  15V,  -  15V  <  Vcu  £  13.5V 

Power  Supply  Rejection  Ratio 

PSRR 

Vs  =  ±2.5Vto±15V 

V-  =  0V.  V+  =  +5V  to+30V 

30 

50 

80 

dV/V  MAX 

Large-Signal  Voltage  Gain 

Avo 

RL  =  25ktl,Vo=±10V 

600 

400 

200 

V/mV  MIN 

Output  Voltage  Swing 

v0 

V+  =  +5V,  V-  =  0V 
RL=  10kfl 
VS  =  ±15V 
RL=25kfl 

0.7/4.1 
±14.0 

0.8/4.0 
±14.0 

0.9/3.8 
±13.B 

VMAX 
V  MIN 

Supply  Current 

Isy 

No  Load.  (Four  Amplifiers) 

360 

460 

600 

pA  MAX 

NOTES: 

1.  lBand  losare  measured  at  VCM  =  0. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  In  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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OP-420  QUAD  MICROPOWER  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


CLOSED-LOOP  GAIN 
vs  FREQUENCY 


|  II  I  I  HI  VI 

AvCL  ■  WOO  ,  > 


nil  l  ( nr 


Mil  I  III 
ml  i  'i 


VS  •  SISV 


mm 
lis 


-»l 

ait     ib      iti      im     is*  ist 

FREQUENCY  lHj> 


MAXIMUM  OUTPUT  VOLTAGE 
vs  LOAD  RESISTANCE 


a  is 


►=  13 

i 


—m 

T»  -  IS'C 


7 


/ 


INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


no 

HO 

vs.  =  i 

/ 

no 
;oo 

ISO 
0 

/ 

/ 

TEMPE  F1ATURE  (°CI 

INPUT  VOLTAGE  NOISE 
DENSITY  (en)  vs  FREQUENCY 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


1  in 
at 

ud  . 

tx  U 

5 
□ 

a  ■> 


-too 


IW 

r 

TEMPERATURE  I'd 


INPUT  CURRENT  NOISE 
DENSITY  (in)  vs  FREQUENCY 


SMALL-SIGNAL  TRANSIENT  RESPONSE 


LARGE-SIGNAL  TRANSIENT  RESPONSE 


<RL  -L.CL 

V  \7 
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OP- 421 


QUAD  LOW-POWER 
OPERATIONAL  AMPLIFIER 


FEATURES 

•  Low  Supply  Current   1mA  Max 

•  Slew  Rate   0.2SV/>s  Mln 

•  Single  Supply  Operation   +5V  to  +30V 

•  Low  Input  Offset  Voltage    500uV  Typ 

•  Low  Input  Offset  Voltage  Drift    10/iV/°CMax 

•  High  Common-Mode  Input  Range  ...  V-  to  V+  (-1-5V) 

•  High  CMRR    100dBTyp 

•  High  Open-Loop  Gain   400V/mV  Typ 

•  Single-Chip  Monolithic  Construction 

•  Pin  Compatible  With  LM124,  LM148.  and  OP-11 

ORDERING  INFORMATION! 


TA  =  25"C 
VosMAX 
(mV) 

HERMETIC 
DIP 
14-PIN 

OPERATING 
TEMPERATURE 
RANGE 

2.5 

OP421BV 

MIL 

2.5 

OP421FY 

IND 

4 

OP421CV 

MIL 

4 

OP421GY 

IND 

6 

OP421HY 

COM 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  alter 
part  number.  Consult  factory  for  883  data  sheet. 

t  Burn-in  is  available  on  commercial  and  industnal  temperature  range  parts  in 
cerdip.  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book,  Section  2. 


GENERAL  DESCRIPTION 

TheOP-421  quad  low-power  operational  amplifier  is  a  single- 
chip  quad  patterned  after  the  OP-21  single  operational 
amplifier.  The  PNP  input  stage  allows  the  Input  common- 
mode  voltage  to  include  V-.  Featuring  a  low  power-supply 
current  (150uA/section  typical  at  5V),  the  OP-421  offers  a 
unique  solution  for  designs  requiring  a  combination  of  high 
function  density,  wide  bandwidth,  and  low-power  operation. 
Applications  for  the  OP-421  include  low-power  active  filters, 
battery-operated  remote  line  filters,  and  signal  precondition- 
ing amplifiers.  In  addition,  the  ever-present  problem  of 
crossover  distortion  in  low-power  devices  is  eliminated  by  a 
unique  double-buffered  output  section. 

PIN  CONNECTIONS 


OUT1  LT 

3  OUT4 

-INI  Lt 

jB  -IN4 

t  INI  Ll 

19  *IN4 

v*  E 

ID  V- 

♦  IN  2  LT 

3D  *IN3 

-IN  2  EE 

T|    —  IN  3 

OUT 2  LL 

Z]    OUT  3 

14-PIN  HERMETIC  DIP 

(Y-Sufflx) 

SIMPLIFIED  SCHEMATIC  (1/4  Shown) 
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OP-421  QUAD  LOW-POWER  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 


Supply  Voltage    ±18V 

Internal  Power  Dissipation  (Note  1)   500mW 

Differential  Input  Voltage  ±30V 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration   Continuous 

(One  Amplifier  Only) 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)    300° C 

Operating  Temperature  Range 

OP-421  BY,  OP-421  CY   -55°  C  to  + 125°  C 

OP-421  FY,  OP-421  QY   -25°  C  to  +  85"  C 

OP-421  H Y   0"  C  to  +  70"  C 


DICE  Junction  Temperature  (Tj)   -65°Cto+150°C 


NOTES: 

1.  See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

14-Pin  Hermetic  DIP  (Y) 

100' c 

10.0mW/*C 

2.  Absolute  maximum  ratings  apply  to  both  packaged  parts  and  DICE,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  +25°  C.  unless  otherwise  noted. 


OP-421  B 
OP-421  F 


OP-421  C 
OP-421  Q 


OP-421  H 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

vos 

Vs  =  ±2.SVto±1SV 

0.5 

2.S 

1 

4 

2 

6 

mV 

Input  Offset  Current 

'os 

Vs  =  ±2.5Vto±15V 

0.6 

5.0 

2.0 

10 

5.0 

20 

nA 

Input  Bias  Current 

'b 

Vs=±2.5Vto±15V 

20 

50 

50 

80 

100 

150 

nA 

Input  Noise  Voltage 
Density 

8n 

f0=  10Hz  (Note  1) 
fQ  =  100Hz  ( Note  1) 

20 
15 

40 
30 

20 
15 

40 
30 

20 
15 

40 
30 

nVA/HT 

Input  Noise  Current 
Density 

in 

f0  =  10Hz(Note1) 
f0=  100Hz  (Note  1) 

0.3 
0.2 

0.6 
0.4 

0.3 
0.2 

0.6 
0.4 

0.3 
0.2 

0.6 
0.4 

pAA/HT 

Input  Voltage  Range 

IVR 

V+  =  +5V,  V-=0V 
VS  =  ±15V 

073.5 
-15/13.5 

0/3.5 
-15/13.5 

0/3.S 
-15/13.5 

V 

Common-Mode 
Re)sction  Ratio 

CMRR 

V+  =  +5V,  V-=0V, 

0V<VCM<+3.SV 

VS=±1SV. 

-15VS  VCMS  +  13.5  V 

83 
83 

100 
100 

80 
80 

96 
96 

76 
76 

90 
90 

(SB 

Power  Supply 
Rejection  Ratfo 

PSRR 

Vs=±2.5Vto±1SV;& 
V-  =  0V,  V+  =  5Vto30V 

10 

30 

20 

50 

30 

80 

jiWV 

Large-Signal 
Voltage  Gain 

Avo 

Vo=±10V 
RL=10kft 

200 

400 

100 

200 

100 

200 

V/mV 

Output  Voltage 

Vo 

V+  =  5V.  V-  =  0V 
RL=Skn 

0.7/4.0 

0.8/3.9 

0.9/3.8 

V 

Swing 

VS=±15V. 
RL=  10kfl 

±14 

±13.9 

±13.8 

Closed-Loop 
Bandwidth  (Note  2) 

BW 

AVCL  =  +  1.0. 
RL=  10M1 

1.0 

1.9 

1.0 

1.9 

1.0 

1.9 

MHz 

Supply  Current 

VS=±2.SV.  No  Load 

0.6 

1.0 

0.7 

1.5 

0.9 

2.0 

mA 

(Four  Amplifiers) 

VS=±15V,  No  Load 

1.2 

1.8 

1.4 

2.3 

1.8 

3.0 

Slew  Rate 

SR 

1  Note  1) 

0.25 

0.5 

0.25 

0.5 

0.25 

0.5 

V/>s 

Channel  Separation 

CS 

{Note  1) 

100 

120 

100 

120 

100 

120 

dB 

LL) 


< 

2 
O 

I 

UJ 

O 


NOTES: 

1.  Sample  tested. 

2.  Guaranteed  by  design. 
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OP-421  QUAD  LOW-POWER  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  VS  =  ±15V.-55°C<TA< +  1250C  for  OP-421  Band  OP-421  C.-25''C<TAS+85°C 
for  OP-421  F  and  OP-421  G,  and  0° C  <  TA  <  +70° C  for  OP-421  H.  unless  otherwise  noted. 


OP-421  B 

OP-421  C 

OP-421  F 

OP-421  G 

OP-421  H 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

MIN 

TYP  MAX 

MIN 

TYP  MAX 

UNITS 

Average  Input  Offset 
Voltage  Drift  (Note  1| 

TCVqs 

— 

5 

10 

8 

15 

— 

10 

IS 

Input  Offset  Voltage 

vos 

Vs=±25VtO±15V 

1 

3.5 

1.8 

5.5 

3 

7.S 

mV 

Input  Offset  Current 

'os 

Vs=±25Vto±15V 



1.6 

8 

3.0 

15 



6.0 

30 

nA 

Input  Bias  Current 

'b 

VS=+2.5V  to±1SV 

25 

70 

60 

125 

140 

230 

nA 

Input  Voltage  Range 

IVR 

V+  =  +SV,V-  =  0V 
VS=±15V 

0/3.2 
-15/13.2 

- 

- 

0/3  2 
-15/13.2 

- 

- 

0/3.2 
-15/13.2 

- 

- 

Common-Mode 

CMRR 

V+  =  +5V.V-=0V, 
0V<VCU£+3.2V 

78 

96 

— 

74 

94 

— 

73 

86 

dB 

Rejection  Ratio 

VS=±15V, 

-WV<Vat<  +  13.2V 

78 

96 

74 

94 

73 

86 

Power  Supply 

PSRR 

Vs=±2.5Vto±15V;S 

15 

50 

25 

80 

40 

100 

/iV/V 

Re)ectlon  Ratio 

V-=0V,  V+  =  5Vto30V 

15 

SO 

25 

80 

40 

100 

Large-Signal 
Voltage  Gain 

Avo 

Vo=10V 
RL  =  20kO 

100 

200 

50 

100 

50 

100 

V/mV 

Output  Voltage 

V+  =  5V.  V-  =  0V 
RL=  10kll 

0.8/3.9 

0.9/3.8 

1.0/3.7 

V 

Swing 

v0 

VS=±15V, 
RL=20M1 

±13.8 

±13.7 

±13.7 

Supply  Current 

VS=±2.SV,  No  Load 

1.2 

1.5 

1.5 

2.0 

2.0 

3.0 

mA 

(Four  Amplifiers) 

'sv 

VS  =  ±15V.  NoLoad 

0.68 

2.0 

2.5 

0.68 

2.5 

3.2 

0.68 

3.2 

4.0 

NOTE: 

1.  Sample  tested. 


BURN-IN  CIRCUIT 
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OP-421  QUAD  LOW- POWER  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS 


DIE  SIZE  0.093  x  0.087  Inch,  8091  sq.  mils 
(2.36  X  2.21  mm,  5.22  sq.  mm) 


1.  OUTPUT  1 

2.  INVERTING  INPUT  1 

3.  NONINVERTING  INPUT  1 

4.  V  + 

5.  NONINVERTING  INPUT  2 

6.  INVERTING  INPUT  2 

7.  OUTPUT  2 
B.  OUTPUT  3 

9.  INVERTING  INPUT  3 

10.  NONINVERTING  INPUT  3 

11.  V- 

12.  NONINVERTING  INPUT 4 

13.  INVERTING  INPUT  4 

14.  OUTPUT  4 

For  additional  DICE  ordering  information,  refer 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs  = 

±  15V,  Ta  =  25°  C,  unless  otherwise  noted. 

OP-421  N 

OP-421  G 

OP-421  GR 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

Vs=  ±2.5V  to±15V 

2.5 

4 

6 

mV  MAX 

Input  Offset  Current 

I  OS 

Vs=±2.5Vto±15V 

5 

10 

20 

nA  MAX 

Input  Bias  Current 

'b 

Vs=±2.5Vto±15V 

50 

80 

150 

nA  MAX 

Input  Voltage  Range 

IVR 

-15/13.5 

-15/13.5 

-15/13.5 

V  MIN 

V+=+5V,  V-  =  0V 

Common-Mode 
Rejection  Ratio 

CMRR 

0V<VCM<+3.5V 

vs=±tsv. 

-  15V  <VCUS  + 13.5V 

83 

80 

76 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

VS  =  ±2.5V  to±15V;  and 
V-=0V.  V+  =  +5Vto30V 

30 

50 

80 

nV/V  MAX 

Large-Signal 
Voltage  Gain 

Avo 

v0  =  ±tov 

RL  =  20ktl 

200 

200 

100 

V/mV  MIN 

Output  Voltage  Swing 

Vo 

V+  =  +5V.  V-  =  0V,  RL  =  5kll 
VS^±15V.  RL  =  10kn 

0.7/4.0 
±14 

0.8/3.9 
±13.9 

0.9/3.8 
±13.8 

V  MIN 

Supply  Current 
(Four  Amplifiers) 

'SY 

VS  =  ±2.5V,  No  Load 
VS-±15V.  No  Load 

1.0 
1.8 

1.5 
23 

2.0 
3.0 

mA  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 

guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  = 

±15V.  TA  =  +25°C,  unless  otherwise  noted. 

OP-421  N 

OP-421  G 

OP-421  GR 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

TYPICAL 

TYPICAL 

UNITS 

Input  Noise  Voltage 

f0=  10Hz 

20 

20 

20 

Density 

"n 

f0=  100Hz 

15 

15 

15 

Closed-Loop 

BW 

AVCL  =  +  10 

1.9 

1.9 

1.9 

MHz 

Bandwidth 

RL=  10kfl 

Slew  Rate 

SR 

0.5 

0.5 

0.5 

V/„s 

Channel  Separation 

CS 

120 

120 

120 

dB 

IS) 


< 
< 

z 
o 

ai 
O 
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OP-421  QUAD  LOW-POWER  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


POWER  SUPPLY  REJECTION  COMMON-MODE  REJECTION 

RATIO  vs  FREQUENCY  RATIO  vs  FREQUENCY 


FREQUENCY  IHil 
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OP-421  QUAD  LOW-POWER  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


VOLTAGE  FOLLOWER 
SMALL-SIGNAL  RESPONSE 


VOLTAGE  FOLLOWER 
LARGE-SIGNAL  RESPONSE 


Vs-  OV,  *15V 
T«  ■  25  C 


NOISE  CHARACTERISTICS 
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INPUT  NOISE  VOLTAGE 
DENSITY  vs  FREQUENCY 


INPUT  NOISE  CURRENT 
DENSITY  vs  FREQUENCY 
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FEATURES 

•  Very  Low  Noise   5nV/VHz~@  1kHz  Max 

•  Excellent  Input  Offset  Voltage   0.4mV  Max 

•  Low  Offset  Voltage  Drift  2mV/°C  Max 

•  Very  High  Gain     1000V/mV  Mln 

•  Outstanding  CMR  110dB  Mln 

•  Slew  Rate  2V/jis  Typ 

•  Gain-Bandwidth  Product  6MHzTyp 

•  Industry  Standard  Quad  Pinouts 

ORDERING  INFORMATION  f 

T»  =  25'C  PACKAGE  OPERATING 

V0SMAX    TEMPERATURE 

(|iV)  HERMETIC      PLASTIC  LCC  RANGE 

400             OP470AV  —        OP470ATC/883  MIL 

400             OP470EY  -                —  INO 

800             OP470FY  —                —  IND 

10O0                 —  OP470GP            —  COM 

1000  —  OP470GStt  -  COM 

•  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  alter 
part  number.  Consult  factory  tor  883  data  sheet. 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book.  Section  2. 
ft  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 
contact  your  local  sales  office. 

GENERAL  DESCRIPTION 

The  OP-470  is  a  high-performance  monolithic  quad  opera- 
tional amplifier  with  exceptionally  low  voltage  noise, 
5nV/V  Hz  at  1kHz  Max,  offering  comparable  performance  to 
PMI's  industry  standard  OP-27. 

The  OP-470  features  an  input  offset  voltage  below  0.4mV, 
excellent  for  a  quad  op  amp,  and  an  offset  drift  under  2/iV/°C, 
guaranteed  over  the  full  military  temperature  range.  Open- 
loop  gain  of  the  OP-470  is  over  1,000,000  into  a  10kn  load 
insuring  excellent  gain  accuracy  and  linearity,  even  in  high- 


gain  applications.  Input  bias  current  is  under  25nA  which 
reduces  errors  due  to  signal  source  resistance.  The  OP-470's 
CMR  of  over  110dB  and  PSRR  of  less  than  1.8/iV/V  signifi- 
cantly reduce  errors  due  to  ground  noise  and  power  supply 
fluctuations.  Power  consumption  of  the  quad  OP-470  is  half 
that  of  four  OP-27s,  a  significant  advantage  for  power  con- 

PIN  CONNECTIONS 


OUT  A  [T 
-IN  A  (T 
•  IN  A  [T 

v.rr 

♦tNB  [T 

-in  sfT 

OUTB  [7 


5^ 


~u}  CUTO 
«3  -IND 
ft)  *\NO 
n)v- 

I Hoi  *INC 
j3  -fNC 
■T|  ourc 


14-PIN  HERMETIC  DIP 
(Y-Sullix) 

14-PIN  PLASTIC  MINI-DIP 
(P-Suffix) 


16-PIN  SOL 
(S-Sulflx) 


N.C.  T] 

•IN  A  •] 

v.  3 

N.C.  7] 

•  IN  B  Is) 

nc.  ni 


u  ?  5  P  g  J  u 

T3TijiijniMsnir 


\ 

E 

N-C- 

e 

♦IN  D 

E 

N.C. 

E 

V- 

E 

N.C. 

E 

♦INC 

E 

N.C. 

q   m  co  ^  u  u  u 

-  t  i  - 1  t  * 

28-LEAD  LCC 
(TC-Suffix) 


SIMPLIFIED  SCHEMATIC 
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scious  applications.  The  OP-470  is  unity-gain  stable  with  a 
gain-bandwidth  product  of  6MHz  and  a  slew  rate  of  2V/ps. 

The  OP-470  offers  excellent  amplifier  matching  which  is 
important  for  applications  such  as  multiple  gain  blocks,  low- 
noise  instrumentation  amplifiers,  quad  buffers,  and  low-noise 
active  filters. 

The  OP-470  conforms  to  the  industry  standard  14-pin  DIP 
pinout.  It  is  pin  compatible  with  the  OP-11,  LM148/149, 
HA4741 ,  HA5104,  and  RM41S6  quad  op  amps  and  can  be  used 
to  upgrade  systems  using  these  devices. 

For  higher  speed  applications  the  OP-471,  with  a  slew  rate  of 
8V//<s,  is  recommended. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage  ±18V 

Internal  Power  Dissipation  (Note  1) 

Y-Package  800m  W 

P,  TC-Package  500m W 

Differential  Input  Voltage  (Note  3)  11.0V 

Differential  Input  Current  (Note  3)  ±25mA 

Input  Voltage  Supply  Voltage 


Output  Short-Circuit  Duration   Continuous 

Storage  Temperature  Range 
P,  TC,  Y-Package   -65°C  to  +150OC 

Lead  Temperature  Range  (Soldering,  60  sec)  300° C 

DICE  Junction  Temperature  (Tj)  -6S°C  to  +150°C 

Operating  Temperature  Range 

OP-470A  -55°C  to  +  125,,C 

OP-470E,  OP-470F  -2S°C  to  +85°C 

OP-470G  0°C  to+70°C 

NOTES: 

1.  See  table  for  maximum  ambient  temperature  and  derating  factor. 

MAXIMUM  AMBIENT      DERATE  ABOVE 
TEMPERATURE      MAXIMUM  AMBIENT 
PACKAGE  TYPE  FOR  RATING  TEMPERATURE 

14-Pin  Hermetic  DIP  (Y)         70"'C  10.0mW/°C 

14-Pin  Plastic  DIP  70°C  1SmW/°C 

28-Lead  LCC  (TC)  100°C  10.0mW/°C 

2.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

3.  The  OP-470's  inputs  are  protected  by  back-to-back  diodes.  Current  limit- 
ing resistors  are  not  used  in  order  to  achieve  tow  noise  performance.  If 
differential  voltage  exceeds  ±1.0V.  the  input  current  should  be  limited  to 
±25mA. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  TA  =  25°C,  unless  otherwise  noted. 


OP-470A/E 

OP-470F 

OP-470G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

0.1 

0.4 

0.2 

0.8 

0.4 

1.0 

mV 

Input  Offset  Current 

'os 

vcu  =  ov 

3 

10 

6 

20 

12 

30 

nA 

Input  Bias  Current 

■b 

VCM  =  0V 

6 

25 

15 

50 

25 

60 

nA 

Input  Noise  Voltage 

enp-p 

0.1Hz  10  10Hz 
(Note  1) 

80 

200 

80 

200 

80 

200 

nVp.p 

fc=  10Hz 

38 

6.5 

3.8 

6.5 

3.8 

6.5 

Input  Noise 

f0=  100Hz 

3.3 

5.5 

3.3 

5.5 

3.3 

5.5 

Voltage  Density 

en 

f0=  1kHz 
(Note  2) 

3.2 

5.0 

3.2 

5.0 

3.2 

5.0 

Input  Noise 
Current  Oensity 

>n 

fQ  =  10Hz 
l0  =  100Hz 
l0=  1kHz 

1.7 
0.7 
0.4 

1.7 
0.7 
0.4 

1.7 
0.7 
0.4 

PA/s/hT 

Large-Signal 
Voltage  Gain 

Vo=±10V 
RL=  10kll 
RL  =  2kll 

1000 
500 

2300 
1200 

800 
400 

1700 
900 

800 
400 

1700 
900 

V/mV 

Input  Voltage  Range 

IVR 

(Note  3) 

±11 

±12 

±11 

±12 

±11 

±12 

V 

Output  Voltage  Swing 

"o 

RL>2k!t 

112 

±13 

±12 

±13 

±12 

±13 

V 

Common-Mode  Rejection  CMR 

VCM=±11V 

110 

125 

100 

120 

100 

120 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±4.5Vto±18V 

0.56 

1.6 

1.0 

5.6 

10 

5.6 

>iV/V 

Slew  Rate 

SR 

1.4 

2 

1.4 

2 

1.4 

2 

V/«s 

3 

f-L) 


-J 

a, 

< 

_l 

i 

o 

ui 

o 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1SV.  TA  =  25°C.  unless  otherwise  noted.  (Continued) 


OP-470A/E 

OP-470F 

OP-470G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

UAX 

UNITS 

Supply  Current 
(All  Amplifiers) 

Isv 

No  Load 

9  11 

9 

11 

9 

11 

mA 

Gain  Bandwidth  Product 

GBW 

Au  =  +10 

e   

6 

6 

MHz 

Channel  Separation 

CS 

V0  =  20Vp.p 

f0  =  10Hz  (Note  1) 

125 

155 

125 

155 

— 

125 

155 

— 

dB 

Input  Capacitance 

CIN 

2  - 

2 

2 

np 
Pr 

Input  Resistance 
Dilferential-Mode 

RIN 

0.4  — 

0.4 

0.4 

Mil 

Input  Resistance 
Common-Mode 

B[NCM 

11  — 

11 

11 

Gil 

Av  =  +1 

Settling  Time 

t. 

to  0.1% 

5.5  — 

5.5 

5.5 

to  0.01% 

6.0  - 

6.0 

6.0 

NOTES: 

1.  Guaranteed  but  not  100%  tested. 

2.  Sample  tested. 

a  Guaranteed  by  CMR  lest. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  -S5°C  <  TA<  125°C  for  OP-470A,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-470A 
MIN  TYP 

MAX 

UNITS 

Input  Ollset  Voltage 

0.14 

0.6 

mv 

Average  Input 
Ollset  Voltage  Drill 

TCV0S 

0.4 

2 

iN/'C 

Input  Offset  Current 

los 

Vcm="V 

5 

20 

nA 

Input  Bias  Current 

>B 

VCM  =  0V 

15 

50 

nA 

Large-Signal 
Voltage  Gain 

Avo 

Vo=±10V 
RL  =  lOkll 
RL=2kll 

750 
400 

1600 
800 

V/mV 

Input  Voltage  Range 

IVR 

(Note  1) 

±11 

±12 

V 

Output  Voltage  Swing 

Vo 

RL>2kll 

+12 

±13 

V 

Common-Mode 
Rejection 

CMR 

VCM=±11V 

100 

120 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±4.5V  to  ±1BV 

1.0 

5.6 

Supply  Current 
(All  Amptiliers) 

<SY 

No  Load 

9.2 

11 

mA 

NOTE: 

1.  Guaranteed  by  CMR  test. 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  -25°C  <  TA<  85°C  lor  OP-470E/F,  0°C  < TA < 70°C  for  OP-470G,  unless 
otherwise  noted. 


OP-470E 

OP-470F 

OP-470G 

WHNME  1 CH 

cvuDni 

9TMBUL 

LUnUI  1 IUN9 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

tfiput  Offset  Voltage 

vos 

0.12 

0.5 

0.24 

1.0 

0.5 

1.5 

mV 

Average  Input 
Offset  Voltage  Drift 

TCVqs 

~ * 

0.4 

2 

0.6 

4 

2 

«vrc 

Input  Offset  Current 

'os 

^CM  =  OV 

20 

- 

20 

50 

nA 

Input  Bias  Current 

Ib 

VCM  =  OV 

- 

11 

50 

- 

20 

70 

40 

75 

nA 

Large-Signal 
Voltage  Gain 

Av0 

Vo=±10V 
RL=10k!l 

600 

1800 

- 

600 

1400 

- 

600 

1500 

- 

V/mV 

Rj_ =  2kil 

400 

900 

300 

700 

300 

800 

Input  Voltage  Range 

IVR 

(Motel) 

±11 

±12 

±11 

±12 

±11 

±12 

V 

Output  Voltage  Swing 

Vo 

RL>2kII 

±12 

±13 

±12 

±13 

±12 

±13 

V 

Common-Mode 
Rejection 

CMR 

VCM=±11V 

100 

120 

90 

115 

90 

110 

as 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=±4.5Vlo±18V 

0.7 

5.6 

1.8 

10 

1.8 

10 

Supply  Current 
(All  Amplifiers) 

'SY 

No  Load 

9.2 

11 

9.2 

11 

9.3 

11 

mA 

NOTE: 

1.    Guaranteed  by  CMR  test. 
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WAFER  TEST  LIMITS  at  vs  =  ±15v.  TA  =  25°C.  unless  otherwise  noted. 

OP-470GBC 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Input  Oflset  Voltage 

Vos 

OB 

mV  MAX 

Input  Olfset  Current 

los 

VCm=0V 

20 

nA  MAX 

Input  Bias  Current 

'b 

VCM=0V 

50 

nA  MAX 

Large-Signal 
Voltage  Gain 

Avo 

Vo=±10V 
RL  =  lOkll 
RL  =  2kIl 

BOO 
400 

WmV  MIN 

Input  Voltage  Range 

IVR 

(Note  1) 

111 

VMIN 

Output  Voltage  Swing 

Vo 

RL>2k!l 

±12 

V  MIN 

Common  Mode  Rejection 

CMR 

VCU  =  ±11V 

100 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

VS=+4.5V  to  ±  18V 

5.6 

/jV/V  MAX 

Slew  Rate 

SR 

1.4 

V/|iS  MIN 

Supply  Current 
(All  Amplifiers) 

Isy 

No  Load 

11 

mA  MAX 

NOTE: 

1.  Guaranteed  by  CMR  test. 

Electrical  tests  are  performed  ai  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaran- 
teed for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


VOLTAGE  NOISE  DENSITY  VOLTAGE  NOISE  DENSITY 

vs  FREQUENCY  vs  SUPPLY  VOLTAGE  0.1  Hz  TO  10Hz  NOISE 


CURRENT  NOISE  DENSITY 
vs  FREQUENCY 


100  Ik 

FREQUENCY  (Hi) 


INPUT  OFFSET  VOLTAGE 
vs  TEMPERATURE 


lUV 

-75    -SO    -2  5       0       2  5      5  0      75      100  125 
TEMPERATURE  (*C) 


WARM-UP  OFFSET 
VOLTAGE  DRIFT 


I  3  < 
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INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


*« 

.  ou 

\ 
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INPUT  OFFSET  CURRENT 
vs TEMPERATURE 


V,-  =ISV 

.    1  - 

0  25  SO  75  100  125 
TEMPERATURE  ('C) 


INPUT  BIAS  CURRENT  vs 
COMMON-MODE  VOLTAGE 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


CMR  vs  FREQUENCY 


10        100        Ik        10k       100k  1H 
FREQUENCY  (H<( 


TOTAL  SUPPLY  CURRENT 
vs  SUPPLY  VOLTAGE 


TOTAL  SUPPLY  CURRENT 
vs  TEMPERATURE 


25  =10  ;1S 

SUPPLY  VOLTAGE  (VOLTS) 


-75    -50    -25      0      SS      SO  75 
TEMPERATURE  <*C) 


PSR  vs  FREQUENCY 


OPEN-LOOP  GAIN 
vs  FREQUENCY 


100     Ik      10k    100k    1M  TOU 
FREQUENCY  (Hi) 


CLOSED-LOOP  GAIN 
vs  FREQUENCY 


[k  tMt  tOOk  IM 
FREQUENCY  (Hx) 


100k 
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OPEN-LOOP  GAIN.  PHASE 
SHIFT  vs  FREQUENCY 
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vs  TEMPERATURE 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


MAXIMUM  OUTPUT  SWING 
vs  FREQUENCY 
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OUTPUT  IMPEDANCE 
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CHANNEL  SEPARATION  TEST  CIRCUIT 


5kl) 


CHANNEL  SEPARATION  =  20tog(y  ^^q) 


BURN-IN  CIRCUIT 


APPLICATIONS  INFORMATION 

VOLTAGE  AND  CURRENT  NOISE 

The  OP-470  is  a  very  low-noise  quad  op  amp,  exhibiting  a 
typical  voltage  noise  of  only  3.2nV/\/  Hz  @  1kHz.  The 
exceptionally  low  noise  characteristics  of  the  OP-470  is  In 
part  achieved  by  operating  the  input  transistors  at  high  col- 
lector currents  since  the  voltage  noise  is  inversely  propor- 
tional to  the  square  root  of  the  collector  current.  Current 
noise,  however,  is  directly  proportional  to  the  square  root  of 
the  collector  current:  As  a  result,  the  outstanding  voltage 
noise  performance  of  the  OP-470  is  gained  at  the  expense  of 
current  noise  performance,  which  is  typical  for  low  noise 
amplifiers. 

To  obtain  the  best  noise  performance  in  a  circuit  it  is  vital  to 
understand  the  relationship  between  voltage  noise  (en),  cur- 
rent noise  (in).  and  resistor  noise  (e,). 


TOTAL  NOISE  AND  SOURCE  RESISTANCE 

The  total  noise  of  an  op  amp  can  be  calulated  by: 

En=\/(en)2  +  (inRs)2  +  (e,)2 

where: 

En  =  total  input  referred  noise 

e„  =  op  amp  voltage  noise 

in  =  op  amp  current  noise 

e,  =  source  resistance  thermal  noise 

Rs  =  source  resistance 

The  total  noise  is  referred  to  the  input  and  at  the  output  would 
be  amplified  by  the  circuit  gain. 

Figure  1  shows  the  relationship  between  total  noise  at  1kHz 
and  source  resistance.  For  Rs  <  1  kn  the  total  noise  is  domi- 
nated by  the  voltage  noise  of  the  OP-470.  As  Rs  rises  above 

FIGURE  1:  Total  Noise  vs  Source  Resistance  (Including 
Resistor  Noise)  at  1kHz 
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FIGURE  2:  Total  Noise  vs  Source  Resistance  (Including 
Resistor  Noise)  at  10Hz 
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1kH,  total  noise  increases  and  is  dominated  by  resistor  noise 
rather  than  by  voltage  or  current  noise  of  the  OP-470.  When 
Rs exceeds  20kfl,  current  noise  of  the  OP-470  becomes  the 
major  contributor  to  total  noise. 

Figure  2  also  shows  the  relationship  between  total  noise  and 
source  resistance,  but  at  10Hz.  Total  noise  increases  more 
quickly  than  shown  In  Figure  1  because  current  noise  is 
inversely  proportional  to  the  square  root  of  frequency.  In 
Figure  2,  current  noise  of  the  OP-470  dominates  the  total 
noise  when  Rs  >  5kfl. 

From  Figures  1  and  2  it  can  be  seen  that  to  reduce  total  noise, 
source  resistance  must  be  kept  to  a  minimum.  In  applications 
with  a  high  source  resistance,  the  OP-400,  with  lower  current 
noise  than  the  OP-470,  will  provide  lower  total  noise. 

Figure  3  shows  peak-to-peak  noise  versus  source  resistance 
over  the  0.1  Hz  to  10Hz  range.  Once  again,  at  low  values  of  Rs, 

FIGURE  3:  Peak-To-Peak  Noise  (0.1Hz  To  10Hz)  vs  Source 
Resistance  (Includes  Resistor  Noise) 
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the  voltage  noise  of  the  OP-470  is  the  major  contributor  to 
peak-to-peak  noise  with  current  noise  the  major  contributor 
as  Rs  increases.  The  crossover  point  between  the  OP-470 
and  the  OP-400  for  peak-to-peak  noise  is  at  Rs  =  17kn. 

The  OP-471  is  a  higher  speed  version  of  the  OP-470,  with  a 
slew  rate  of  8V//2S.  Noise  of  the  OP-471  is  only  slightly  higher 
than  the  OP-470.  Like  the  OP-470,  the  OP-471  is  unity-gain 
stable. 

For  reference,  typical  source  resistances  of  some  signal 
sources  are  listed  in  Table  I. 

TABLE  I 


DEVICE 

SOURCE 
IMPEDANCE 

COMMENTS 

Strain  gauge 

<soon 

Typically  used  in  low-frequency 
applications. 

Magnetic 
tapehead 

<1500n 

Low  lB  very  important  to  reduce 
self-magnetization  problems  when 
direct  coupling  is  used.  OP-470  Iq 
can  be  neglected. 

Magnetic 

phonograph 

cartridges 

<i50on 

Similar  need  for  low  lB  in  direct 
coupled  applications.  OP-470  will  not 
introduce  any  self-magnetization 
problem. 

Linear  variable 

differential 

transformer 

<i50on 

Used  in  rugged  servo-feedback 
applications.  Bandwidth  of  interest  is 
400Hz  to  5kHz. 

For  further  information  regarding  noise  calculations,  see 
"Minimization  of  Noise  in  Op-Amp  Applications",  Applica- 
tion Note  AN-15. 

NOISE  MEASUREMENTS  — 
PEAK-TO-PEAK  VOLTAGE  NOISE 

The  circuit  of  Figure  4  is  a  test  setup  for  measuring  peak-to- 
peak  voltage  noise.  To  measure  the  200nV  peak-to-peak 
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FIGURE  4:  Peak-To-Peak  Voltage  Noise  Test  Circuit  (0.1  Hz  To  10Hz) 
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noise  specification  of  the  OP-470  in  the  0. 1  Hz  to  10Hz  range, 
the  following  precautions  must  be  observed: 

1.  The  device  has  to  be  warmed-up  for  at  least  five  minutes. 
As  shown  in  the  warm-up  drift  curve,  the  offset  voltage 
typically  changes  5jiV  due  to  increasing  chip  temperature 
after  power-up.  In  the  10-second  measurement  interval, 
these  temperature-induced  effects  can  exceed  tens- 
of-nanovolts. 

2.  For  similar  reasons,  the  device  has  to  be  well-shielded 
from  air  currents.  Shielding  also  minimizes  thermocouple 
effects. 

3.  Sudden  motion  in  the  vicinity  of  the  device  can  also  "feed- 
through"  to  increase  the  observed  noise. 


FIGURE  5: 0.1  Hz  To  10Hz  Peak-To-Peak  Voltage  Noise 
Test  Circuit  Frequency  Response 


0.01  0.1  1  10  100 

FREQUENCY  (Hz) 


4.  The  test  time  to  measure  0.1Hz-to-10Hz  noise  should  not 
exceed  10  seconds.  As  shown  in  the  noise-tester  fre- 
quency-response curve  of  Figure  5,  the  0.1Hz  corner  is 
defined  by  only  one  pole.  The  test  time  of  10  seconds  acts 
as  an  additional  pole  to  eliminate  noise  contribution  from 
the  frequency  band  below  0.1  Hz. 

5.  A  noise-voltage-density  test  is  recommended  when  mea- 
suring noise  on  a  large  number  of  units.  A  10Hz  noise- 
voltage-density  measurement  will  correlate  well  with  a 
0.1Hz-to-10Hz  peak-to-peak  noise  reading,  since  both 
results  are  determined  by  the  white  noise  and  the  location 
of  the  1/f  corner  frequency. 

6.  Power  should  be  supplied  to  the  test  circuit  by  well 
bypassed  low-noise  supplies,  e.g.  batteries.  These  will 
minimize  output  noise  introduced  via  the  amplifier  supply 
pins. 

NOISE  MEASUREMENT  —  NOISE  VOLTAGE  DENSITY 

The  circuit  of  Figure  6  shows  a  quick  and  reliable  method  of 
measuring  the  noise  voltage  density  of  quad  op  amps.  Each 
individual  amplifier  is  series-connected  and  is  in  unity-gain, 
save  the  final  amplifier  which  is  in  a  noninverting  gain  of  101. 
Since  the  ac  noise  voltages  of  each  amplifier  are  uncorre- 
cted, they  add  in  rms  fashion  to  yield: 

6out=  101  (VenA2  +  enB2  +  enc2  +  enD2) 

The  OP-470  is  a  monolithic  device  with  four  identical  amplifi- 
ers. The  noise  voltage  density  of  each  individual  amplifier  will 
match,  giving: 

eOUT=10l(\/4e7)=10l  (2en) 


FIGURE  6:  Noise  Voltage  Density  Test  Circuit 
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FIGURE  7:  Current  Noise  Density  Test  Circuit 
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NOISE  MEASUREMENT  —  CURRENT  NOISE  DENSITY 

The  test  circuit  shown  in  Figure  7  can  be  used  to  measure 
current  noise  density.  The  formula  relating  the  voltage  output 
to  current  noise  density  is: 


FIGURE  8:  Driving  Large  Capacitive  Loads 


where: 


G  =  gain  of  10000 

Rs  =  100kll  source  resistance 


CAPACITIVE  LOAD  DRIVING  AND  POWER 
SUPPLY  CONSIDERATIONS 

The  OP-470  is  unity-gain  stable  and  is  capable  o(  driving 
large  capacitive  loads  without  oscillating.  Nonetheless,  good 
supply  bypassing  is  highly  recommended.  Proper  supply 
bypassing  reduces  problems  caused  by  supply  line  noise  and 
improves  the  capacitive  load  driving  capabi  lity  of  the  OP-470. 

In  the  standard  feedback  amplifier,  the  op  amp's  output  res- 
istance combines  with  the  load  capacitance  to  form  a  low- 
pass  filter  that  adds  phase  shift  in  the  feedback  network  and 
reduces  stability.  A  simple  circuit  to  eliminate  this  effect  is 
shown  in  Figure  8.  The  added  components,  C1  and  R3, 
decouple  the  amplifier  from  the  load  capacitance  and  provide 
additional  stability.  The  values  of  C1  and  R3  shown  in  Figure 
8  are  for  a  load  capacitance  of  up  to  1000pF  when  used  with 
the  OP-470. 

In  applications  where  the  OP-470's  inverting  or  noninverting 
Inputs  are  driven  by  a  low  source  impedance  (under  100<1)  or 
connected  to  ground,  if  V+  is  applied  before  V-,  or  when  v- 
is  disconnected,  excessive  parasitic  currents  will  flow.  Most 
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FIGURE  9:  Pulsed  Operation 
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applications  use  dual  tracking  supplies  and  with  the  device 
supply  pins  properly  bypassed,  power-up  will  not  present  a 
problem.  A  source  resistance  of  at  least  10011  in  series  with  all 
inputs  (Figure  8)  will  limit  the  parasitic  currents  to  a  safe  level 
if  V-  is  disconnected.  It  should  be  noted  that  any  source 
resistance,  even  100!!,  adds  noise  to  the  circuit.  Where  noise 
is  required  to  be  kept  at  a  minimum,  a  germanium  or  Schottky 
diode  can  be  used  to  clamp  the  V-  pin  and  eliminate  the 
parasitic  current  flow  instead  of  using  series  limiting  resistors. 
For  most  applications,  only  one  diode  clamp  is  required  per 
board  or  system. 

UNITY-GAIN  BUFFER  APPLICATIONS 

When  Rf  <  100!!  and  the  input  is  driven  with  a  fast,  large- 
signal  pulse  (>1  V),  the  output  waveform  will  look  as  shown  in 
Figure  9. 

During  the  fast  feedthrough-like  portion  of  the  output,  the 
input  protection  diodes  effectively  short  the  output  to  the 
input,  and  a  current,  limited  only  by  the  output  short-circuit 
protection,  will  be  drawn  by  the  signal  generator.  With  Rf  > 
500!1,  the  output  is  capable  of  handling  the  current  require- 
ments (lL<  20mA  at  10V);  the  amplifier  will  stay  in  its  active 
mode  and  a  smooth  transition  will  occur. 

When  R|>  3kll,  a  pole  created  by  R|  and  the  amplifier's  input 
capacitance  (2pF)  creates  additional  phase  shift  and  reduces 
phase  margin.  A  small  capacitor  (20  to  50pF)  in  parallel  with 
Ri  helps  eliminate  this  problem. 

APPLICATIONS 

LOW  NOISE  AMPLIFIER 

A  simple  method  of  reducing  amplifier  noise  by  paralleling 
amplifiers  is  shown  in  Figure  10.  Amplifier  noise,  depicted  in 
Figure  11,  is  around  2nW\/  Hz  @  1kHz  (R.T.I.).  Gain  for  each 
paralleled  amplifier  and  the  entire  circuit  is  1000.  The  200!! 
resistors  limit  circulating  currents  and  provide  an  effective 
output  resistance  of  50!!.  The  amplifier  is  stable  with  a  10nF 
capacitive  load  and  can  supply  up  to  30mA  of  output  drive. 

DIGITAL  PANNING  CONTROL 

Figure  12  uses  a  DAC-8408,  a  quad  8-bit  DAC,  to  pan  a  signal 
between  two  channels.  The  complementary  DAC  current 
outputs  of  two  of  the  DAC-8408'sfour  DACs  drive  current-to- 
voltage  converters  built  from  a  single  quad  OP-470.  The 
amplifiers  have  complementary  outputs  with  the  amplitudes 
dependent  upon  the  digital  code  applied  to  the  DAC.  Figure 
13  shows  the  complementary  outputs  for  a  1kHz  input  signal 
and  digital  ramp  applied  to  the  DAC  data  inputs.  Distortion  of 
the  digital  panning  control  is  less  than  0.01%. 
Gain  error  due  to  the  mismatching  between  the  internal  DAC 
ladder  resistors  and  the  current-to-voltage  feedback  resis- 


tors is  eliminated  by  using  feedback  resistors  internal  to  the 
DAC.  Of  the  four  DACs  available  in  the  DAC-8408,  only  two, 
DACs  A  and  C,  actually  pass  a  signal.  DACs  B  and  D  are  used 
to  provide  the  additional  feedback  resistors  needed  in  the 
circuit.  If  the  VrefB  and  VrefD  inputs  remain  unconnected 
the  currrent-to-voltage  converters  using  RfbB  and  RfbD  are 
unaffected  by  digital  data  reaching  DACs  B  and  D. 


FIGURE  11:  Noise  Density  of  Low  Noise  Amplifier,  G  =  1000 


FIGURE  10:  Low  Noise  Amplifier 
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FIGURE  12:  Digital  Panning  Control  Circuit 
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FIGURE  13:  Digital  Panning  Control  Output 


FIGURE  14:  Squelch  Amplifier 
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SQUELCH  AMPLIFIER 

The  circuit  of  Figure  14  is  a  simple  squelch  amplifier  that  uses 
a  FET  switch  to  cut  off  the  output  when  the  input  signal  falls 
below  a  preset  limit. 

The  input  signal  is  sampled  by  a  peak  detector  with  a  time 
constant  set  by  C1  and  R6.  When  the  output  of  the  peak 
detector,  Vp,  (alls  below  the  threshold  voltage,  VTH,  set  by  R8, 
the  comparator  formed  by  op  amp  C  switches  from  V-  to  VI. 
This  drives  the  gate  of  the  N-channel  FET  high,  turning  it  ON, 
reducing  the  gain  of  the  inverting  amplifier  formed  by  op  amp 
A  fo  zero. 
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FIVE-BAND  LOW  NOISE  STEREO  GRAPHIC  EQUALIZER  ratio  over  a  20kHz  bandwidth  is  better  than  100dB  referred  to 

The  graphic  equalizer  circuit  shown  in  Figure  15  provides  a  3V  rms  input.  Larger  inductors  can  be  replaced  by  active 

15dB  of  boost  or  cut  over  a  5-band  range.  Signal-to-noise  inductors  but  this  reduces  the  signal-to-noise  ratio. 

FIGURE  15: 5-Band  Low  Noise  Graphic  Equalizer 
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FEATURES 

•  Excellent  Speed  ■  . .  8V/><s  Typ 

•  Low  Noise  11nV/\/"H7~  @  1kHz  Max 

•  Unity-Gain  Stable 

•  High  Gain-Bandwidth  6.5MHz  lyp 

•  Low  Input  Offset  Voltage  0.8mV  Max 

•  Low  Offset  Voltage  Drift  4jiV/°C  Max 

•  H/gh  Gain   500V/mV  Min 

•  Outstanding  CMR  105  dB  Min 

•  Industry  Standard  Quad  Pinouts 

ORDERING  INFORMATION! 


PACKAGE 

TA  =  25'C 

OPERATING 

V0SMAX 

TEMPERATURE 

(fVJ 

HERMETIC 

PLASTIC  LCC 

RANGE 

800 

OP471AV 

—  0P471ATC/883 

MIL 

800 

OP471EY 

INO 

1500 

0P471FY 

IND 

1800 

OP471GP  — 

COM 

1800 

OP471GStt  — 

COM 

*  For  devices  processed  in  total  compliance  to  MIL-STD-383.  add  /883  alter 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-in  is  avai  table  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book,  Section  2. 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 

contact  your  local  sales  office. 

GENERAL  DESCRIPTION 

The  OP-471  is  a  monolithic  quad  op  amp  featuring  low  noise, 
11nV/\/  Hz  Max  @  1kHz,  excellent  speed,  8V//iS  typical,  a 
gain-bandwidth  of  6.5MHz,  and  unity-gain  stability. 

The  OP-471  has  an  input  offset  voltage  under  0.8mV  and  an 
input  offset  voltage  drift  below  4>V/"C,  guaranteed  over  the 


full  military  temperature  range.  Open  loop  gain  of  the  OP-471 
is  over  500,000  into  a  10k !2  load  insuring  outstanding  gain 
accuracy  and  linearity.  The  input  bias  current  is  under  25nA 

PIN  CONNECTIONS 


OUT  A  (T 

-iNA  rr 

.  IN  A  [T 

v.[V 
♦inb[T 
-inb[T 
out  a  |T 


3H£ 


~u]  OUT  D 

33  -IN  0 

TTI  *INO 

TTj  v- 

33  *inc 

Ti  -CNC 
T|  OUTC 


14-PIN  HERMETIC  DIP 
(Y-Suffix) 

14-PIN  PLASTIC  DIP 
(P-Suffix) 


16-PIN  SOL 
(S-Suffix) 


N.C 

3 

♦IN  A 

3 

N.C. 

3 

V* 

3 

N.C. 

3 

♦IN  B 

53 

N.C 

53 

'LdLdLiJLilHldHV 

[»  N.C. 

|m  .IN  D 

|n  N.C. 

(5  v- 

(*«  N.C. 

[»  'INC 

(tt  N.C. 


28-LEAD  LCC 
(TC-Suffix) 


SIMPLIFIED  SCHEMATIC  (One  of  four  amplifiers  is  shown.) 
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limiting  errors  due  to  signal  source  resistance.  The  OP-471 's 
CMR  of  over  105dB  and  PSRR  of  under  5.6/iV/V  significantly 
reduce  errors  caused  by  ground  noise  and  power  supply 
fluctuations. 

The  OP-471  offers  excellent  amplifier  matching  which  is 
important  for  applications  such  as  multiple  gain  blocks,  low- 
noise  instrumentation  amplifiers,  quad  buffers  and  low-noise 
active  filters. 

The  OP-471  conforms  to  the  industry  standard  14-pin  DIP 
pinout.  It  is  pin  compatible  with  the  OP-11,  LM148/149. 
HA4741,  RM4156,  MC33074,  TL084  and  TL074  quad  op  amps 
and  can  be  used  to  upgrade  systems  using  these  devices. 

For  applications  requiring  even  lower  voltage  noise  the  OP- 
470,  with  a  voltage  density  of  5nV/V  Hz  Max  @  1kHz,  is 
recommended. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 


Supply  Voltage  ±18V 

Internal  Power  Dissipation  (Note  1) 

Y-Package  ..800mW 

P,  TC-Package  500mW 

Differential  Input  Vollage  (Note  3)  ±1.0V 

Differential  Input  Current  (Note  3)  ±25mA 


E  QUAD  OPERATIONAL  AMPLIFIER 

Input  Voltage  

 Supply  Voltage 

Output  Short-Circuit  Duration  

Storage  Temperature  Range 

P.  TC,  Y-Package  

-65°Cto+150°C 

Lead  Temperature  Range  (Soldering,  60  sec)  300°C 

,  ,  -65<,Cto  +  150°C 

Operating  Temperature  Range 

OP-471  A  

-55°Cto+125°C 

OP-471  E,  OP-471  F  

-25°C  to  +85°C 

OP-471  G  

0°C  to  +70"C 

NOTES: 

1.  See  table  for  maximum  ambient  temperature  and  derating  (actor. 

MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE         FOR  RATING 

TEMPERATURE 

14-Pin  Hermetic  DIP  (Y)  70°C 

lO.OmWVC 

14-Pin  Plastic  DIP  70°C 

15mW/°C 

28-Lead  LCC  (TC)  100"C 

lO.OmWVC 

2.   Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 


3.  The  OP-471's  inputs  are  protected  by  back- to-back  diodes.  Current  limit- 
ing resistors  are  not  used  in  order  to  achieve  low  noise  performance.  M 
differential  voltage  exceeds  ±1.0V.  the  input  current  should  be  limited  to 
±25mA. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25eC,  unless  otherwise  noted. 


OP-471  A/E 

OP-471F 

OP-471  G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

0.25 

0.8 

0.5 

1.5 

1.0 

1.8 

mV 

Input  Offset  Current 

los 

VCM  =  0V 

4 

10 

7 

20 

12 

30 

nA 

Input  Bias  Current 

Id 

vCM=ov 

7 

25 

15 

50 

25 

60 

nA 

Input  Noise  Voltage 

Sfip-p 

0.1  Hz  to  10Hz 
(Note  1) 

250 

500 

250 

500 

250 

500 

nvp.p 

fQ  =  10Hz 

9 

16 

9 

16 

9 

16 

Input  Noise 
Voltage  Density 

e„ 

f0  =  100Hz 
f0=  1kHz 
(Note  2) 

7 
6.5 

12 
11 

7 
6.5 

12 
11 

7 
6.5 

12 
11 

nV//Hz~ 

Input  Noise 
Current  Density 

'n 

fD  =  10Hz 
f0=  100Hz 
f0=  1kHz 

1.7 
0.7 
0.4 

1.7 
0.7 
0.4 

1.7 
0.7 
04 

pA/vTST 

Large-Signal 
Voltage  Gain 

Avo 

V0=HOV 
R[_  —  lOkll 
R[_  =  2kl> 

500 
350 

700 
550 

300 
175 

500 
275 

300 
175 

500 
275 

V/mV 

Input  Voltage  Range 

IVR 

(Note  31 

±11 

±12 

±11 

±12 

±11 

±12 

V 

Output  Voltage  Swing 

Vo 

RL>2ktl 

112 

±13 

±12 

±13 

±12 

±13 

V 

Common-Mode  Rejection  CMR 

VCU=±11V 

105 

120 

95 

115 

95 

115 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=  14.5V  to  ±18V 

1 

5.6 

5.6 

17.8 

5.6 

17.8 

nV/V 

Slew  Rate 

SR 

6.5 

8 

6.5 

8 

6.5 

8 

V/jiS 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  TA  =  25°C,  unless  otherwise  noted.  (Continued) 


OP-471  A/E 

OP-471  F 

OP-471  G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

MIN 

TYP 

MAX 

MIN 

TYP  MAX 

UNITS 

Supply  Current 
(All  Amplifiers) 

'SY 

No  Load 

9.2  11 

— 

9.2 

11 

— 

9.2  11 

mA 

Gain-Bandwidth  Product 

GBW 

Ay  =  +10 

— 

6.5  - 

6.5 

6.5  — 

MHz 

Channel  Separation 

CS 

Vo=20Vp.p 

l0  =  10Hz  (Note  1) 

125 

150  — 

125 

150 

125 

150  — 

dB 

Input  Capacitance 

C|N 

2.6  - 

2.6 

2.6  - 

PF 

Input  Resistance 
Dilferential-Mode 

RIN 

1.1  — 

1.1 

1.1  — 

Mil 

Input  Resistance 
Common-Mode 

R|NCM 

11  — 

11 

11  — 

Gil 

Av=  +1 

Settling  Time 

>. 

to  0.1% 

4.5  - 

4.5 

4.5  — 

MS 

to  0.01% 

7.5  — 

7.5 

7.5 

NOTES: 

V  Guaranteed  but  not  100%  tested. 

2  Sample  tested. 

3.  Guaranteed  by  CMR  test. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  -55°C  <  TA<  125°C  for  OP-471  A,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-471A 

MIN  TYP 

MAX 

UNITS 

Input  Oflset  Voltage 

Vos 

0.4 

1.2 

mV 

Average  Input 
Oflset  Voltage  Drill 

TCV0S 

1 

4 

(IV/-C 

Input  Offset  Current 

'os 

VCM  =  0V 

6 

20 

nA 

Input  Bias  Current 

'b 

VCM=0V 

16 

50 

nA 

Large-Signal 
Voltage  Gain 

*vo 

v0  =  tiov 

RL  =  10kl! 
RL  =  2kll 

375 
250 

500 
350 

V/mV 

Input  Voltage  Range 

IVR 

(Note  1) 

±11 

+12 

V 

Output  voltage  Swing 

Vo 

RL>2kll 

±12 

±13 

V 

Common-Mode 
Rejection 

CMR 

VCM=±11V 

100 

115 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs=  ±4.5Vto  +18V 

5.6 

10 

mV/V 

Supply  Current 
(All  Ampliliers) 

'sv 

No  Load 

9.3 

11 

mA 

nC 

t—i 

I— < 
l-J 

< 

S 

o 

I— I 

w 

CL. 

O 


NOTE: 

1.  Guaranteed  by  CMR  test. 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1SV,  -25°C  <  TA<  85°C  for  OP-471  E/F,  0°C  <  TA<  70°C  for  OP-471  G,  unless 
otherwise  noted. 


OP-471  E 

OP-471F 

OP-471  G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

0.3 

1.1 

0.G 

2.0 

1.2 

2.5 

mV 

Average  Input 
Offset  Voltage  Drift 

TCV0S 

— 

1 

4 

— 

2 

7 

— 

4 

pV/°C 

Input  Offset  Current 

'os 

Vcm  =  OV 

5 

20 

8 

40 

20 

so 

nA 

fnput  Bias  Current 

In 

VCM  =  OV 

- 

13 

50 

- 

25 

70 

- 

40 

75 

nA 

Large-Signal 
Voltage  Gain 

Avo 

Vo=r10V 
RL  =  lOkll 

375 

600 

- 

200 

400 

- 

200 

400 

V/mV 

RL  =  2kll 

250 

400 

125 

200 

125 

200 

Input  Voltage  Range 

IVR 

(Notel) 

±11 

±12 

±11 

±12 

±11 

±12 

V 

Output  Voltage  Swing 

v0 

RL>2kll 

±12 

±13 

+  12 

±13 

±12 

+  13 

V 

Common-Mode 
Rejection 

CMR 

VCM  =  ±11V 

100 

115 

90 

110 

90 

110 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

VS=±4.5V  to  ±  18V 

3.2 

10 

18 

31.6 

18 

31.6 

/iV/V 

Supply  Current 
{All  Amplifiers) 

lSv 

No  Load 

9.3 

11 

9.3 

11 

9.3 

11 

mA 

1.    Guaranteed  by  CMR  test. 
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DICE  CHARACTERISTICS 


OUT  A 
IN  A 

i  IN  A 
V- 

«  IN  B 
-IN  B 
OUT  B 
OUT  C 
-IN  C 
i  IN  C 
V- 

I  IN  D 
IN  D 


DIE  SIZE  0.163  x  0.106  inch.  17,278  sq.  mils 
(4.14  x  2.69  mm,  11.14  sq.  mm) 


14.  OUTD 


For  additional  DICE  ordering  information,  refer 
lo  198a  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs=  115V.  TA 

=  25°C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

OP-471  GBC 
LIMIT 

UNITS 

Input  Oflset  Voltage 

Vos 

1.5 

mV  MAX 

Input  Offset  Current 

'OS 

vcu  =  ov 

20 

nA  MAX 

Input  Bias  Current 

Id 

VCy  =  OV 

50 

nA  MAX 

Large-Signal 
Voltage  Gain 

Avo 

Vo  =  -10V 
RL  =  10kl> 
RL=  2kl! 

300 
175 

V/mV  MIN 

input  Voltage  Range 

IVR 

Note  1 

-11 

V  MIN 

Output  Voltage  Swing 

v0 

RL  -  2k J 1 

-12 

V  MIN 

Common-Mode  Rejection 

CMR 

Vcu  =  i11V 

95 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  i4,5V  loi  18V 

17.8 

^V/V  MAX 

Slew  Rate 

SR 

65 

V/„s  MIN 

Supply  Current 
(All  Amplifiers) 

'SY 

No  Load 

11 

mA  MAX 

1/5 


:> 

< 

, — I 

< 

2 
O 

UJ 

O 


NOTES: 

1  Guaranteed  by  CMR  lest. 

Electrical  tests  are  performed  at  waler  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaran- 
teed tor  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lol  qualification  through  sample  lot  assembly  and  testing 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


VOLTAGE  NOISE  DENSITY 
vs  FREQUENCY 


VOLTAGE  NOISE  DENSITY 
vs  SUPPLY  VOLTAGE 


1 


ai  mm 

AT  IKH: 

T,  -  iS'C 

0.1Hz  TO  10Hz  NOISE 


FREQUENCY  (Hi) 


0  =5  =10  ±15  i  30 

SUPPLY  VOLTAGE  (VOLTS) 


CURRENT  NOISE  DENSITY 
vs  FREQUENCY 


I 

r 


INPUT  OFFSET  VOLTAGE 
vs  TEMPERATURE 


FREQUENCY  (Hi) 


-50    -25      0       25      50      75      100  125 
TEMPERATURE  {'C) 


WARM-UP  OFFSET 
VOLTAGE  DRIFT 


2  2 

TIME  (MINUTES) 


INPUT  BIAS  CURRENT 
vs TEMPERATURE 


INPUT  OFFSET  CURRENT 
vs TEMPERATURE 


V,-=)lv' 

'CM 

\ 

1 

1  

I 

TEMPERATURE  fC) 


2i      0       29      SO  73 

TEMPERATURE  (*C) 


INPUT  BIAS  CURRENT  vs 
COMMON-MODE  VOLTAGE 


■>■■ 

15 
-II 

C 
BV 

-BJ        -7.5         -2.5         2.5  7.5  Hi 

COMMON-MOOE  VOLTAGE  (VOLTS) 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


CMR  vs  FREQUENCY 


I         10        100        U        10k       100k  1M 
FREQUENCY  (Hi) 


TOTAL  SUPPLY  CURRENT 
»s  SUPPLY  VOLTAGE 


i 

u 


0  =5  =10  ±15  ;» 

SUPPLY  VOLTAGE  (VOLTS) 


TOTAL  SUPPLY  CURRENT 
vs  TEMPERATURE 


h 
■ 


Vj-  -tsv 

-75     -50     -25      0       25      SO  3 
TEMPERATURE  ,  C) 


PSR  vs  FREQUENCY 


s 

-  15  V 

\ 

i 

s 

s  p 

\ 

\ 

\ 

\ 

I     11     10k  10(11, 

FREQUENCY  (Hi) 


OPEN-LOOP  GAIN 
vs  FREQUENCY 


  T4  -JS-C  - 

\ 

\ 

\ 

\ 

1  \l 

Ik  10k  100k  1M  10M  lot" 
FREQUENCY  (Hi) 


CLOSED-LOOP  GAIN 
vs  FREQUENCY 


1k  10k  100k 

FREQUENCY  (Hi) 


GAIN-BANDWIDTH 

OPEN-LOOP  GAIN,  PHASE  OPEN-LOOP  GAIN  PRODUCT,  PHASE  MARGIN 

SHIFT  vs  FREQUENCY  vs  SUPPLY  VOLTAGE  vs  TEMPERATURE 


FREQUENCY  (MHi)  SUPPLY  VOLTAGE  (VOLTS)  TEMPERATURE  ("C) 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


LARGE-SIGNAL  SMALL-SIGNAL 
TRANSIENT  RESPONSE  TRANSIENT  RESPONSE 


TA  -  JS'C  T»  ■  »'C 

Vs  :15V  vs-:l!¥ 
A,  -  •  1  »»  "  - ' 
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CHANNEL  SEPARATION  TEST  CIRCUIT 


soon 


r 


son 
I  VW- 


CHANNEL  SEPARATION  -  20  lofl(v  ^jqq) 


BURN-IN  CIRCUIT 


APPLICATIONS  INFORMATION 
VOLTAGE  AND  CURRENT  NOISE 

The  OP-471  is  a  very  low-noise  quad  op  amp,  exhibiting  a 
typical  voltage  noise  of  only  6.5nV/V  Hz  @  1kHz.  The  low 
noise  characteristic  of  the  OP-471  is  in  part  achieved  by 
operating  the  input  transistors  at  high  collector  currents 
since  the  voltage  noise  is  inversely  proportional  to  the  square 
root  of  the  collector  current.  Current  noise,  however,  is 
directly  proportional  to  the  square  root  of  the  collector 
current.  As  a  result,  the  outstanding  voltage  noise  perfor- 
mance of  the  OP-471  is  gained  at  the  expense  of  current  noise 
performance  which  is  typical  for  low  noise  amplifiers. 

To  obtain  the  best  noise  performance  in  a  circuit  it  is  vital  to 
understand  the  relationship  between  voltage  noise  (en),  cur- 
rent noise  (i„).  and  resistor  noise  (e,). 


TOTAL  NOISE  AND  SOURCE  RESISTANCE 

The  total  noise  of  an  op  amp  can  be  calulated  by: 

En=  vW'  +  flnRs^  +  f.e,)2 

where: 

En  =  total  input  referred  noise 

en  =  op  amp  voltage  noise 

in  =  op  amp  current  noise 

e,  =  source  resistance  thermal  noise 

Rs  =  source  resistance 

The  total  noise  is  referred  to  the  input  and  at  the  output  would 
be  amplified  by  the  circuit  gain. 

Figure  1  shows  the  relationship  between  total  noise  at  1kHz 
and  source  resistance.  For  Rs<  1kfi  the  total  noise  is  domi- 

FIGURE 1:  Total  Noise  vs  Source  Resistance  (Including 
Resistor  Noise)  at  1kHz 


R,  -  SOURCE  RESISTANCE  111) 


FIGURE  2:  Total  Noise  vs  Source  Resistance  (Including 
Resistor  Noise)  at  10Hz 
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nated  by  the  voltage  noise  of  the  OP-471.  As  Rs  rises  above 
1  kfl,  total  noise  increases  and  is  dominated  by  resistor  noise 
rather  than  by  voltage  or  current  noise  of  the  OP-471.  When 
Rs  exceeds  20kn,  current  noise  of  the  OP-471  becomes  the 
major  contributor  to  total  noise. 

Figure  2  also  shows  the  relationship  between  total  noise  and 
source  resistance,  but  at  10Hz.  Total  noise  increases  more 
quickly  than  shown  in  Figure  1  because  current  noise  is 
inversely  proportional  to  the  square  root  of  frequency.  In 
Figure  2,  current  noise  of  the  OP-471  dominates  the  total 
noise  when  Rs>  Skfl. 

From  Figures  1  and  2  it  can  be  seen  that  to  reduce  total  noise, 
source  resistance  must  be  kept  to  a  minimum.  In  applications 
with  a  high  source  resistance,  the  OP-400,  with  lower  current 
noise  than  the  OP-471,  will  provide  lower  total  noise. 

Figure  3  shows  peak-to-peak  noise  versus  source  resistance 
over  the  0.1  Hz  to  10Hz  range.  Once  again,  at  low  values  of  Rs. 

FIGURE  3:  Peak-To-Peak  Noise  (0.1  Mz  To  10Hz)  vs  Source 
Resistance  (Includes  Resistor  Noise) 
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the  voltage  noise  of  the  OP-471  is  the  major  contributor  to 
peak-to-peak  noise.  Current  noise  becomes  the  major  contri- 
butor as  Rs  increases.  The  crossover  point  between  the  OP- 
471  and  the  OP-400  for  peak-to-peak  noise  is  at  Rs=  17kft. 

The  OP-470  is  a  lower  noise  version  of  the  OP-471 ,  with  a 
typical  noise  voltage  density  of  3.2nV/\/  Hz  @  1kHz.  The 
OP-470  offers  lower  offset  voltage  and  higher  gain  than  the 
OP-471 ,  but  is  a  slower  speed  device,  with  a  slew  rate  of  2V/>s 
compared  to  a  slew  rate  of  8V//is  for  the  OP-471. 

For  reference,  typical  source  resistances  of  some  signal 
sources  are  listed  in  Table  I. 

TABLE  I  

SOURCE 

DEVICE  IMPEDANCE  COMMENTS 

Strain  gauge  <500n         Typically  used  in  low-frequency 

applications. 

Magnetic  <1500O        Low  lB  very  important  to  reduce 

tapehead  self-magnetization  problems  when 

direct  coupling  is  used.  OP-471  Iq 

can  be  neglected. 

Magnetic  <1500fl        Similar  need  for  low  lB  in  direct 
phonograph  coupled  applications.  OP-471  will  not 

cartridges  Introduce  any  self-magnetization 

problem. 

Linear  variable  <1500n        Used  in  rugged  servo-feedback 
differential  applications.  Bandwidth  of  interest  is 

transformer  400Hz  to  5kHz. 


For  further  information  regarding  noise  calculations,  see 
"Minimization  of  Noise  in  Op-Amp  Applications",  Applica- 
tion Note  AN-15. 

NOISE  MEASUREMENTS  — 
PEAK-TO-PEAK  VOLTAGE  NOISE 

The  circuit  of  Figure  4  is  a  test  setup  for  measuring  peak-to- 
peak  voltage  noise.  To  measure  the  500nV  peak-to-peak 


FIGURE  4:  Peak-To-Peak  Voltage  Noise  Test  Circuit  (0.1  Hz  To  10Hz) 
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noise  specification  of  the  OP-471  in  the  0.1  Hz  to  10Hz  range, 
the  following  precautions  must  be  observed: 

1.  The  device  has  to  be  warmed-up  for  at  least  five  minutes. 
As  shown  in  the  warm-up  drift  curve,  the  offset  voltage 
typically  changes  13fiV  due  to  increasing  chip  temperature 
after  power-up.  In  the  10-second  measurement  interval, 
these  temperature-induced  effects  can  exceed  tens- 
of-nanovolts. 

2.  For  similar  reasons,  the  device  has  to  be  well-shielded 
from  air  currents.  Shielding  also  minimizes  thermocouple 
effects. 

3.  Sudden  motion  in  the  vicinity  of  the  device  can  also  "feed- 
through"  to  increase  the  observed  noise. 

FIGURE  5: 0.1Hz  To  10Hz  Peak-To-Peak  Voltage  Noise 
Test  Circuit  Frequency  Response 


FIGURE  6:  Noise  Voltage  Density  Test  Circuit 


4.  The  test  time  to  measure  0.1  Hz-to-10Hz  noise  should  not 
exceed  10  seconds.  As  shown  in  the  noise-tester  fre- 
quency-response curve  of  Figure  5,  the  0.1  Hz  corner  is 
defined  by  only  one  pole.  The  test  time  of  10  seconds  acts 
as  an  additional  pole  lo  eliminate  noise  contribution  from 
the  frequency  band  below  0.1  Hz. 

5.  A  noise-voltage-density  test  is  recommended  when  mea- 
suring noise  on  a  large  number  of  units.  A  10Hz  noise- 
voltage-density  measurement  will  correlate  well  with  a 
0.1Hz-to-10Hz  peak-to-peak  noise  reading,  since  both 
results  are  determined  by  the  white  noise  and  the  location 
of  the  1/f  corner  frequency. 

6.  Power  should  be  supplied  to  the  test  circuit  by  well 
bypassed  low-noise  supplies,  e.g.  batteries.  These  will 
minimize  output  noise  introduced  through  the  amplifier 
supply  pins. 

NOISE  MEASUREMENT  -  NOISE  VOLTAGE  DENSITY 

The  circuit  of  Figure  6  shows  a  quick  and  reliable  method  of 
measuring  the  noise  voltage  density  of  quad  op  amps.  Each 
individual  amplifier  is  series-connected  and  is  in  unity-gain, 
save  the  final  amplifier  which  is  in  a  noninverting  gain  of  101. 
Since  the  ac  noise  voltages  of  each  amplifier  are  uncorre- 
cted, they  add  in  rms  fashion  to  yield: 

eouT=  101  (\/enA2  +  enB2  +  enc2  +  enD2) 

The  OP-471  is  a  monolithic  device  with  four  identical  amplifi- 
ers. The  noise  voltage  density  of  each  individual  amplifier  will 
match,  giving: 


e0UT=  101  (\/4e7)  =  101  (2en) 
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NOISE  MEASUREMENT  —  CURRENT  NOISE  DENSITY 

The  test  circuit  shown  in  Figure  7  can  be  used  to  measure 
current  noise  density.  The  formula  relating  the  voltage  output 
to  current  noise  density  Is: 

Rs 

where: 

G  =  gain  of  10000 

Rs  =  100kfl  source  resistance 

CAPACITIVE  LOAD  DRIVING  AND  POWER 
SUPPLY  CONSIDERATIONS 

The  OP-471  is  unity-gain  stable  and  is  capable  of  driving 
large  capacltive  loads  without  oscillating.  Nonetheless,  good 
supply  bypassing  is  highly  recommended.  Proper  supply 
bypassing  reduces  problems  caused  by  supply  line  noise  and 
improves  the  capacitive  load  driving  capability  of  the  OP-471. 

In  the  standard  feedback  amplifier,  the  op  amp's  output  res- 
istance combines  with  the  load  capacitance  to  form  a  low- 
pass  filter  that  adds  phase  shift  in  the  feedback  network  and 
reduces  stability.  A  simple  circuit  to  eliminate  this  effect  is 
shown  in  Figure  8.  The  added  components,  C1  and  R3, 
decouple  the  amplifier  from  the  load  capacitance  and  provide 
additional  stability.  The  values  of  CI  and  R3  shown  in  Figure 
8  are  for  load  capacitances  of  up  to  1000pF  when  used  with 
the  OP-471. 

In  applications  where  the  OP-471 's  inverting  or  noninverting 
i  nputs  are  driven  by  a  low  sou  rce  impedance  (under  100fl)  or 
connected  to  ground,  if  V+  is  applied  before  V-,  or  when  V-is 
disconnected,  excessive  parasitic  currents  will  flow.  Most 


FIGURE  8:  Driving  Large  Capacitive  Loads 
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FIGURE  9:  Pulsed  Operation 
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applications  use  dual  tracking  supplies  and  with  the  device 
supply  pins  properly  bypassed,  power-up  will  not  present  a 
problem.  Asource  resistance  of  at  least  1001!  in  series  with  all 
inputs  (Figure  8)  will  limit  the  parasitic  currents  to  a  safe  level 
if  V-  is  disconnected.  It  should  be  noted  that  any  source 
resistance,  even  1001!,  adds  noise  to  the  circuit.  Where  noise 
is  required  to  be  kept  at  a  minimum,  a  germanium  or  Schottky 
diode  can  be  used  to  clamp  the  V-  pin  and  eliminate  the 
parasitic  current  flow  instead  of  using  series  limiting  resistors. 
For  most  applications,  only  one  diode  clamp  is  required  per 
board  or  system. 

UNITY-GAIN  BUFFER  APPLICATIONS 

When  Rf  <  1001!  and  the  input  is  driven  with  a  fast,  large- 
signal  pulse  (>1V),  the  output  waveform  will  look  as  shown  in 
Figure  9. 

During  the  fast  feedthrough-like  portion  of  the  output,  the 
input  protection  diodes  effectively  short  the  output  to  the 
input,  and  a  current,  limited  only  by  the  output  short-circuit 
protection,  will  be  drawn  by  the  signal  generator.  With  Rj> 
500!!,  the  output  is  capable  of  handling  the  current  require- 
ments (lL<  20mA  at  10V);  the  amplifier  will  stay  in  its  active 
mode  and  a  smooth  transition  will  occur. 

When  R|>  3kf.l,  a  pole  created  by  Rf  and  the  amplifier's  input 
capacitance  (2. 6pF)  creates  additional  phase  shift  and  reduces 
phase  margin.  A  small  capacitor  (20  to  50pF)  in  parallel  with 
Ri  helps  eliminate  this  problem. 

APPLICATIONS 

LOW  NOISE  AMPLIFIER 

A  simple  method  of  reducing  amplifier  noise  by  paralleling 
amplifiers  is  shown  in  Figure  10.  Amplifier  noise,  depicted  in 
Figure  11,  isaround  5nV/v  Hz  @  1kHz  (R.T.I. ).  Gain  foreach 
paralleled  amplifier  and  the  entire  circuit  is  100.  The  200!! 
resistors  limit  circulating  currents  and  provide  an  effective 
output  resistance  of  5011.  The  amplifier  is  stable  with  a  10nF 
capacitive  load  and  can  supply  up  to  30mA  of  output  drive. 

HIGH-SPEED  DIFFERENTIAL  LINE  DRIVER 

The  circuit  of  Figure  12  is  a  unique  line  driver  widely  used  in 
professional  audio  applications.  With  ±  18V  supplies  the  line 
driver  can  deliver  a  differential  signal  of  30VP.P  into  a  1.5k!! 
load.  The  output  of  the  differential  line  driver  looks  exactly 
like  a  transformer.  Either  output  can  be  shorted  to  ground 
without  changing  the  circuit  gain  of  5,  so  the  amplifier  can 
easily  be  set  for  inverting,  noninverting,  or  differential  opera- 
tion. The  line  driver  can  drive  unbalanced  loads,  like  a  true 
transformer. 


HIGH  OUTPUT  AMPLIFIER 

The  amplifier  shown  in  Figure  13  is  capable  of  driving  20VP.P 
into  a  floating  4001!  load.  Design  of  the  amplifier  is  based  on  a 
bridge  configuration.  A 1  amplifies  the  input  signal  and  drives 
the  load  with  the  help  of  A2.  Amplifier  A3  is  a  unity-gain 
inverter  which  drives  the  load  with  help  from  A4.  Gain  of  the 
high  output  amplifier  with  the  component  values  shown  is  10, 
but  can  easily  be  changed  by  varying  R1  or  R2. 

FIGURE  10:  Low  Noise  Amplifier 


*,«,  c- 


FIGURE  11:  Noise  Density  of  Low  Noise  Amplifier,  G  =  100 
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OP-471  HIGH-SPEED  LOW-NOISE  QUAD  OPERATIONAL  AMPLIFIER 


QUAD  PROGRAMMABLE  GAIN  AMPLIFIER 

The  combination  of  the  quad  OP-471  and  the  DAC-8408.  a 
quad  8-bit  CMOS  DAC,  creates  a  space-saving  quad  pro- 
grammable gain  amplifier.  The  digital  code  present  at  the 
DAC,  which  is  easily  set  by  a  microprocessor,  determines  the 
ratio  between  the  fixed  DAC  feedback  resistor  and  the  impe- 
dance the  DAC  ladder  presents  to  the  op  amp  feedback  loop. 
Gain  of  each  amplifier  is: 

Vqut  256 
V,N  n  • 


where  n  equals  the  decimal  equivalent  of  the  8-bit  digital 
code  present  at  the  DAC.  If  the  digital  code  present  at  the 
DAC  consists  of  all  zeros,  the  feedback  loop  will  be  open 
causing  the  op  amp  output  to  saturate.  The  20Mfi  resistors 
placed  in  parallel  with  the  DAC  feedback  loop  eliminates  this 
problem  with  a  very  small  reduction  in  gain  accuracy. 


FIGURE  14:  Quad  Programmable  Gain  Amplifier 


5-391 


10/87,  Rev.  B1 


OP-471  HIGH-SPEED  LOW-NOISE  QUAD  OPERATIONAL  AMPLIFIER 


LOW  PHASE  ERROR  AMPLIFIER 

The  simple  amplifier  depicted  in  Figure  15  utilizes  monolithic 
matched  operational  amplifiers  and  a  few  resistors  to  sub- 
stantially reduce  phase  error  compared  to  conventional 
amplifier  designs.  At  a  given  gain,  the  frequency  range  for  a 
specified  phase  accuracy  is  over  a  decade  greater  than  for  a 
standard  single  op  amp  amplifier. 

The  low  phase  error  amplifier  performs  second-order  fre- 
quency compensation  through  the  response  of  op  amp  A2  in 
the  feedback  loop  of  A1.  Both  op  amps  must  be  extremely 
well  matched  in  frequency  response.  At  low  frequencies,  the 
A1  feedback  loop  forces  V2/{K1  +1)  =  V|N.  The  A2  feedback 
loop  forces  Vq/(K1  +  1)  =  V2/(K1  +  1)  yielding  an  overall 
transfer  function  of  Vo/Vin  =  Kl  +  1.  The  DC  gain  is  deter- 

FIGURE  15:  Low  Phase  Error  Amplifier 


Vm  c- 


I  I 

ASSUME:  At  AND  A2  ARE  MATCHED. 
A0(«l  =  ^ 


-O  V„ 
♦>IV,M 


mined  by  the  resistor  divider  at  the  output,  Vo,  and  is  not 
directly  affected  by  the  resistor  divider  around  A2.  Note,  that 
like  a  conventional  single  op  amp  amplifier,  the  DC  gain  is  set 
by  resistor  ratios  only.  Minimum  gain  for  the  low  phase  error 
amplifier  is  10. 

Figure  16  compares  the  phase  error  performance  of  the  low 
phase  error  amplifier  with  a  conventional  single  op  amp 
amplifier  and  a  cascaded  two-stage  amplifier.  The  low  phase 
error  amplifier  shows  a  much  lower  phase  error,  particularly 
for  frequencies  where  u//3<uT  <  0.1.  For  example,  phase  error 
of  -0.1  °  occurs  at  0.002  W0<uT  for  the  single  op  amp  amplifier, 
but  at  0.11  «p//8<ut  for  the  low  phase  error  amplifier. 

For  more  detailed  information  on  the  low  phase  error  ampli- 
fier, see  Application  Note  AN-107. 

FIGURE  16:  Phase  Error  Comparison 


0.005  0.05 
FREQUENCY  RATIO  <1/^)|u/u,} 
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OP-490 

LOW-VOLTAGE  MICROPOWER 
QUAD  OPERATIONAL  AMPLIFIER 


FEATURES 

•  Single/Dual  Supply  Operation  +1.6V  to  +36V 

 ±0.8Vto±18V 

•  True  Single-Supply  Operation;  Input  and  Output  Voltage 
Ranges  Include  Ground 

•  Low  Supply  Current  80uA  Max 

•  High  Output  Drive  5mA  Mln 

•  Low  Input  Offset  Voltage  0.5mV  Max 

•  High  Open-Loop  Gain   700V/mV  Mln 

•  Outstanding  PSRR  5.6/iV/VMax 

•  Industry  Standard  Quad  Plnouts 

ORDERING  INFORMATION! 

TA=  25"C  PACKAGE  OPERATING 

V0SMAX    TEMPERATURE 

(mV)        CEROIP     PLASTIC        LCC  RANGE 

05  OP480AY*  —  OP490ATC/883  MIL 
0.5        OP490EY  —  -  IND 

0.75       OP490FY  -  —  IND 

1.0  —       OP490GP  -  COM 

1.0  -        OP490GSft       —  COM 

'  For  devices  processed  In  total  compliance  toMIL-STD-833,  add /883  after 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-in  Is  available  on  commercial  and  Industrial  temperature  range  parts  In 
cerdip,  plastic  dip.  and  TO-can  packages.  For  ordering  Information,  see  1988 
Data  Book,  Section  2. 
11  For  availability  and  burn-In  information  on  SO  and  PLCC  packages, 
contact  your  local  sales  office. 

GENERAL  DESCRIPTION 

The  OP-490  is  a  high  performance  micropower  quad  op  amp 
that  operates  from  a  single  supply  of  +1.6V  to  +36V  or  from 
dual  supplies  of  ±0.8V  to  ±18V.  Input  voltage  range  includes 


the  negative  rail  allowing  the  OP-4S0  to  accomodate  input 
signals  down  to  ground  in  single-supply  operation.  The 
OP-490's  output  swing  also  includes  ground  when  operating 
from  a  single  supply,  enabling  "zero-in,  zero-out"  operation. 

PIN  CONNECTIONS 


OUT  A  [T   J,      r        )7J  OUT  D 

-INa|T  -jAAj  ]j] 
♦  IN  A  |T   1    '         17]  *IN  D 


v.fT 

♦  IN  B  |T 
-IN  B 
OUTB  [7 


"l51  -IND 


Y—  T]o 


n]v- 
"iol  *INC 
INC 
T1  OUT  C 


14-PIN  HERMETIC  DIP 

(Y-Sufflx) 
14-PIN  PLASTIC  DIP 
(P-Suffix) 


P  S  |  «  |  5  « 

n.c.  3  [» 

•IN  A   7]  [» 

N.c.  T]  \a 
v+  7]  \n 

N.c.  j\  [*< 

♦IN  B  w]  [» 
N.C.  «]  \ji 

xiHifuii^iraraMniix 

U     *    CD    ^    o    O  ii 

•  i  *  i '  * 

28-LEAD  LCC 
(TC-Sufflx) 


♦  INC 

N.C. 


16-PIN  SOL 
(S-Sufflx) 


SIMPLIFIED  SCHEMATIC  (One  of  four  amplifiers  is  shown.) 


>1 


r 


X7 


6 


t  <P  0 
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OP-4S0  LOW-VOLTAGE  MICROPOWER  QUAD  OPERATIONAL  AMPLIFIER 


The  quad  OP-490  draws  less  than  20/iA  of  quiescent  supply 
current  per  amplifier,  but  each  amplifier  is  able  to  deliver  over 
5mA  of  output  current  to  a  load.  Input  offset  voltage  is  under 
0.5m  V  with  offset  drift  below  5/iV/°C  over  the  military  temper- 
ature range.  Gain  exceeds  700,000  and  CMR  is  better  than 
100dB.  A  PSRR  of  under  5.6juV/V  minimizes  offset  voltage 
changes  experienced  in  battery  powered  systems. 

The  quad  OP-490  combines  high  performance  with  the  space 
and  cost  savings  of  quad  amplifiers.  The  minimal  voltage  and 
current  requirements  of  the  OP-490  makes  it  ideal  for  battery 
and  solar  powered  applications,  such  as  portable  instruments 
and  remote  sensors. 


Output  Short-Circuit  Duration  Continuous 

Storage  Temperature  Range 

TC.  Y.  P  Package  -65°C  to  +150°C 

Operating  Temperature  Range 

OP-490A  -55°C  to  +125-C 

OP-490E.  OP-490F  -25°C  to  +85°C 

OP-490G  0°C  to  +70°C 

DICE  Junction  Temperature  (Tj)  -65°C  to  +150°C 


Lead  Temperature  Range  (Soldering,  60  sec) . . .        300° C 

NOTES: 

1.  See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 

2.  Absolute  maximum  ratings  apply  to  both  packaged  parts  and  DICE,  unless 
otherwise  noted. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage  ±18V 

Power  Dissipation  (Note  1) 

Y  Package  800m  W 

TC,  P  Package  500mW 

Differential  Input  Voltage  . . . .  [  (V-)  -  20V]  to  [  (V+)  +  20V] 

Common-Mode  Input  Voltage 

 [(V-)-20v]  to  [(V+)  +  20V] 


MAXIMUM  AMBIENT         DERATE  ABOVE 
TEMPERATURE         MAXIMUM  AMBIENT 
PACKAGE  TYPE  FOR  RATING  TEMPERATURE 

14-Pln  Hermetic  DIP(Y)  70°C  lOmW/'C 

28-Pin  LCC  (TC|  100°C  10mW/°C 

14-Pin  Plastic  DIP  (P)  70"C  ftlmWCC 


ELECTRICAL  CHARACTERISTICS  at  Vs=  ±1.5V  to  ±15V,  TA  =  +  25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-490A/E 

MIN      TYP  MAX 

MIN 

OP-490F 

TYP  MAX 

MIN 

OP-490G 

TYP  MAX 

UNITS 

Input  Offset  Voltage 

v0S 

0.2 

0.5 

0.4 

0.75 

0.6 

1.0 

mV 

Input  Offset  Current 

los 

VCM  =  0V 

0.4 

3 

0.4 

5 

0.4 

5 

nA 

Input  Bias  Current 

Ib 

VCM  =  0V 

4.2 

15 

— 

4.2 

20 

— 

4.2 

25 

nA 

Large  Signal 

Av0 

VS=±15V,  Vo  =  ±10V 
RL=  100x11 
Rj_=  10kn 
RL=2x(l 

700 
350 
125 

1200 
600 
250 

500 
250 
100 

1000 
500 
200 

400 
200 
100 

800 
400 
200 

V/mV 

Voltage  Gain 

V+  =  5V.  V-  =  0V. 
1V<VQ<4V 

RL=100kll 

RL=  10kn 

200 
100 

400 
160 

125 
75 

300 
140 

100 
70 

250 
140 

Input  Voltage  Range 

IVR 

V+  =  5V,  V-  =  0V 
Vs=±1SV(Note1) 

0/4 
-15/13.5 

0/4 
-15/13.5 

0/4 
-15/13.5 

V 

Vo 

VS=±15V 
RL=  lOkfl 
RL  =  2kll 

±13.5 
±10.5 

+14.2 
±11.5 

±13.5 
±10.5 

±14.2 
±11.5 

±13.5 
±10.5 

±14.2 
±11.5 

V 

Output  Voltage  Swing 

VOH 

V+  =  5V,  V-  =  OV 
RL  =  2kll 

4.0 

4.2 

4.0 

4.2 

4.0 

4.2 

V 

Vol 

V+  =  5V,  V-  =  0V 
RL=  10kn 

100 

500 

100 

500 

100 

500 

«v 

Common  Mode 
Rejection 

CMR 

V+  =  SV.  V-  =  OV. 
0V  <  VCM  <  4V 
VS=±15V. 
-15V  <  VCM  <  13.5V 

90 
100 

110 
130 

80 
90 

100 
120 

80 
90 

100 
120 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

1.0 

5.6 

3.2 

10 

3.2 

10 

Slew  Rate 

SR 

VS  =  ±15V 

5 

12 

5 

12 

5 

12 

V/ms 

Supply  Current 
{All  Amplifiers) 

'SY 

VS=±1.5V„   ,  _, 
V3=±,5VN°LOad 

40 
60 

60 
80 

40 
60 

60 
SO 

40 
60 

60 
80 

«A 

Capacitive  Load 
Stability 

Av=  ^1 

650 

650 

650 

pF 

Input  Noise  Voltage 

enp.p 

fo  =  0.1Hz  to  10Hz 
VS=±1SV 

3 

3 

3 

"Vp 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1.5V  to  ±15V,  TA  =  +25°C,  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

OP-dflOA/E 
MIN      TYP  MAX 

MIN 

OP-490F 
TYP  MAX 

MIN 

OP-4S0G 

TYP  MAX 

UNITS 

Input  Resistance 
Differential  Mode 

VS=±15V 

-        30  - 

30 

- 

30 

- 

Mil 

Input  Resistance 
Common  Mode 

RINCM 

VS=±15V 

-        20  - 

- 

20 

- 

20 

Gil 

Gain  Bandwidth 
Product 

GBWP 

A„=+1 

—        20  — 

20 

20 

kHz 

Channel  Separation 

CS 

f0  =  10Hz 

Vo=20Vp.p                      120  150 
Vs=±15V(Note2) 

120 

150 

120 

150 

- 

dB 

NOTES: 

1.  Guaranteed  by  CMR  test. 

2.  Guaranteed  but  not  100%  tested. 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1.5V  to  ±15V,  -55°C  <  TA  <  125'C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

OP-490A 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

- 

0.4  , 

1.0 

mV 

Average  Input  Offset 
Voltage  Drift 

TCV0S 

VS=±15V 

2 

5 

mWC 

Input  Offset  Current 

VCM  =  ov 

1.5 

5 

nA 

Input  Bias  Current 

le 

vCM=ov 

4.4 

20 

nA 

Large  Signal 

*vo 

VS  =  ±15V.  V0=±10V 

rl=  iookn 

RL=10kfl 

RL  =  2kn 

225 
125 
50 

400 
240 
110 

WmV 

Voltage  Gain 

V+  =  SV.  v-  =  ov, 
1V<V0<4V 

RL  = 100kfl 

RL=  10k(l 

100 
50 

200 
110 

Input  Voltage  Range 

IVR 

V+  =  5V,  V-  =  0V 
VS  =  ±15V  (Note!) 

0/3.5 
15/13.5 

V 

Vo 

VS=±15V 

RL=iokn 
RL  =  2kn 

±13 
±10 

±13.7 
±11 

V 

Output  Voltage  Swing 

Voh 

V+  =  5V.  V-=0V 

RL  =  2kn 

3.9 

4.1 

V 

Vol 

V+  =  5V.  V-=0V 

RL=iokn 

100 

500 

mV 

Common  Mode  Rejection 

CMR 

V+  =  5V.  V-  =  0V,  0V  <  Vcu  <  3.SV 
Vs  =  ±15V.  -15V  <  Vqu  <  13.5V 

85 
95 

105 
115 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

3.2 

10 

liV/V 

Supply  Current 
(All  Amplifiers) 

lSY 

V^5>-' 

70 
90 

100 
120 

PU 


i 

O 

ui 

Oh 

o 


NOTE: 

1.  Guaranteed  by  CMR  test. 
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ELECTRICAL  CHARACTERISTICS  at  Vs=±1.5Vto±15V,-25oC<TA<85oCforOP-490E/F.0'?C<TA<70<,CforOP-490G, 
unless  otherwise  noted. 


OP-480E 

OP-490F 

OP-490G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

MIN 

TYP  1 

WAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

- 

0.32 

0.6 

— 

0.6 

1.35 

- 

0.8 

1.5 

mV 

Average  Input  Offset 
Voltage  Drift 

TCVos 

VS  =  ±1SV 

- 

2 

5 

- 

4 

- 

— 

4 

— 

i/V/°C 

input  Offset  Current 

'OS 

"CM  =  DV 

0.8 

3 

1.0 

5 

1.3 

7 

nA 

Input  Bias  Current 

■a 



4.4 

15 

4.4 

20 

_ 

4.4 

25 

nA 

VS=±15V.  Vo  =  ±10V 

RL=iookn 

500 

800 

— 

350 

700 

300 

600 

— 

R^  **  10kn 

250 

400 

175 

350 

150 

250 

— 

Large  Signal 

Ay0 

R(_ a  2kn 

100 

200 

- 

75 

150 

75 

125 

V/mV 

VvlioUD  Vol  11 

V+«5V.  V-  =  0V. 
1V  <  V0  <  4V 

III  IWnit 

ISO 

260 

100 

220 

80 

160 

- 

RL=10kD 

75 

140 

- 

SO 

110 

- 

40 

90 

Input  Voltage  Range 

IVR 

V+  =  5V.  V-  =  OV 
VS=±15V  (Notel) 

0/3.5 
-15/13.5 

- 

- 

0/3.5 
-15/13.5 

- 

- 

0/3.5 

- 

V 

Vg13  ±15V 

v0 

RL=iokn 

±13 

±14 

- 

±13 

±M 

- 

±13 

±14 

V 

R|>  =  2kO 

±10 

±11 

±10 

±11 

±10 

±11 

- 

Output  Voltage  Swing 

V0H 

V+  =  5V.  V-  =  OV 
RL  =  2kll 

3.9 

4.1 

3.9 

4.1 

3.9 

4.1 

- 

V 

Vol 

V+  =  5V,  V-  =  0V 
RL  =  lOkll 

100 

500 

100 

500 

100 

500 

(iV 

Common  Mode 

CMR 

V+  =  5V,  V-=0V. 
0V<VCM<3.5V 

90 

110 

60 

100 

80 

100 

dB 

Rejection 

VS=±15V. 

-15V  <  VCM  <  13.5V 

100 

120 

90 

110 

90 

110 

Power  Supply 
Rejection  Ratio 

PSRR 

1.0 

5.6 

3.2 

10 

S.6 

17.8 

,iV/V 

Supply  Current 
(All  Amplifiers) 

'SY 

VS  =  ±1.5V  M  , 
Vs  =  ±15V  NOLOa,, 

65 
60 

100 
120 

65 
80 

100 
120 

60 
75 

100 
120 

NOTE: 

1.  Guaranteed  by  CMR  test. 
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OP-490  LOW-VOLTAGE  MICROPOWER  QUAD  OPERATIONAL  AMPLIFIER 


DICE  CHARACTERISTICS 


1.  OUT  A 

2.  -IN  A 

3.  » IN  A 

4.  V+ 

5.  inn 

6.  -IN  B 
J.  OUT  B 


a.  out  c 
g.  -in  c 
m  +  in  c 

11.  v- 

12.  HND 

13.  IN  D 

14.  OUTD 


For  additional  DICE  ordering  Information, 
to  1988  Data  Book.  Socllon  2. 


DIE  SIZE  0.139  X  0.121  Inch,  16,819  sq.  mils 
(3.53  x  3.07  mm,  10.84  sq.  mm) 


WAFER  TEST  LIMITS  at  Vs  = 

±1.5V  to  ±15V,  TA  =  25°C,  unless  otherwise  noted. 

OP-490GBC 

PARAMETER 

SYMBOL  CONDITIONS 

LIMIT 

UNITS 

Input  Ollset  Voltage 

vos 

0.75 

mV  MAX 

Input  Olfset  Current 

I  OS 

vCM  =  ov 

5 

nA  MAX 

Input  Bias  Current 

'a 

vCM  =  ov 

20 

nA  MAX 

VS=I15V.  Vo=±10V 

RL  =  lOOktl 

500 

V/raV  MIN 

Large  Signal 

Avo 

HL  =  lOkt! 

250 

Voltage  Gain 

V+  =  5V,  V-  =  0V. 

IV  <  V0<  4V.  HL  =  lOOkll 

125 

V/mVMIN 

Input  Voltage  Range 

IVR 

V+  =  5V,  V-  =  0V 
VS=±15V  (Note  1) 

0/4 
-15/13.5 

V  MIN 

Vs=rl5V 

v0 

RL  =  lOkt! 

113.5 

V  MIN 

Output  Voltage  Swing 

RL  =  2kt! 

±10.5 

Vom 

V+  =  5V.  V-  =  0V 
RL=  2kll 

4.0 

V  MIN 

Vol 

V+  =  5V.  V-  =  0V 
RL=  10k£l 

500 

,iV  MAX 

Common  Mode  Rejection 

CMR 

V+  =  5V.  V-  =  0V.  0V  <  VCM  <  4V 
Vs=  ±15V. -15V  <  VCM<  13.5V 

eo 

90 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

10 

MAX 

Supply  Current 
(All  Amplifiers) 

'sy 

VS  =  115V.  No  Load 

60 

fiA  MAX 

PL] 


< 

-J 

< 

Z 
O 

a: 

UJ 

CL, 

O 


NOTES: 

1.  Guaranteed  by  CMR  test. 

Electrical  tests  are  performed  at  waler  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaran- 
teed for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing 
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OP-490  LOW-VOLTAGE  MICROPOWER  QUAD  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


INPUT  OFFSET  VOLTAGE 
vs  TEMPERATURE 


INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


-75    -50    -23      0      25     50      75     100  135 
TEMPERATURE  (*C) 


TOTAL  SUPPLY  CURRENT 
vs  TEMPERATURE 


-75    -50    -25      0       25     50     75     100  125 
TEMPERATURE  (*C) 


OPEN-LOOP  GAIN  vs 
SINGLE-SUPPLY  VOLTAGE 


>  400 
K 
S 
O 

o.  300 


 1 — 

TA  -  25'C 

rl- w*n 

* 

ts*c 

K*C  _ 
125*  C 

^^^+ 

OPEN-LOOP  GAIN  AND 
PHASE  SHIFT  vs  FREQUENCY 


SINOLE-SUPPLY  VOLTAGE  (VOLTS) 


100  1k 
FREQUENCY  (Hi) 


CLOSED-LOOP  GAIN 
vs  FREQUENCY 


OUTPUT  VOLTAGE  SWING 
vs  LOAD  RESISTANCE 


OUTPUT  VOLTAGE  SWING 
vs  LOAD  RESISTANCE 


FREQUENCY  (Hi) 


LOAD  RESISTANCE  (0) 


Ik  10k 
LOAD  RESISTANCE  (O) 
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OP-490  LOW-VOLTAGE  MICROPOWER  QUAD  OPERATIONAL  AMPLIFIER 


CHANNEL  SEPARATION  TEST  CIRCUIT 


APPLICATIONS  INFORMATION 

BATTERY-POWERED  APPLICATIONS 

The  OP-490  can  be  operated  onaminimum  supply  voltage  of 
+1.6V,  or  with  dual  supplies  ±0.8V,  and  draws  only  60/iA  of 
supply  current.  In  many  battery-powered  circuits,  the  OP-4S0 
can  be  continuously  operated  for  hundreds  of  hours  before 
requiring  battery  replacement,  reducing  equipment  down- 
time and  operating  cost. 

High-performance  portable  equipment  and  instruments  fre- 
quently use  lithium  cells  because  of  their  long  shelf-life,  light 
weight,  and  high  energy  density  relative  to  older  primary 
cells.  Most  lithium  cells  have  a  nominal  output  voltage  of  3V 
and  are  noted  for  a  flat  discharge  characteristic.  The  low 


FIGURE  1:  Lithium-Sulphur  Dioxide  Cell  Discharge 

Characteristic  With  OP-490  and  100kn  Loads 


0  1  1  1  1  1         1  1  1 

0       250     300     750     1000    1250    1500  1750 

HOURS 


supply  voltage  requirement  of  the  OP-490,  combined  with 
the  flat  discharge  characteristic  of  the  lithium  cell,  indicates 
that  the  OP-490  can  be  operated  over  the  entire  useful  life  of 
the  cell.  Figure  1  shows  the  typical  discharge  characteristic 
of  a  1  Ah  lithium  cell  powering  an  OP-490  with  each  amplifier, 
in  turn,  driving  full  output  swing  into  a  100k!l  load. 

SINGLE-SUPPLY  OUTPUT  VOLTAGE  RANGE 

In  single-supply  operation  the  OP-490's  input  and  output 
ranges  include  ground.  This  allows  true  "zero-in,  zero-out" 
operation.  The  output  stage  provides  an  active  pull-down  to 
around  0.8V  above  ground.  Below  this  level,  a  load  resistance 
of  up  to  1  Mn  to  ground  is  required  to  pull  the  output  down  to 
zero. 

In  the  region  from  ground  to  0.8V  the  OP-490  has  voltage  gain 
equal  to  the  data  sheet  specification.  Output  current  source 
capability  is  maintained  over  the  entire  voltage  range  includ- 
ing ground. 

INPUT  VOLTAGE  PROTECTION 

The  OP-490  uses  a  PNP  input  stage  with  protection  resistors  in 
series  with  the  inverting  and  noninverting  inputs.  The  high 
breakdown  of  the  PNP  transistors  coupled  with  the  protec- 
tion resistors  provides  a  large  amount  of  input  protection, 
allowing  the  inputs  to  be  taken  20V  beyond  either  supply 
without  damaging  the  amplifier. 


5-400 


9/87,  Rev.  B1 


OP-490  LOW-VOLTAGE  MICROPOWER  QUAD  OPERATIONAL  AMPLIFIER 


MICROPOWER  VOLTAGE-CONTROLLED  OSCILLATOR 

An  OP-490  in  combination  with  an  inexpensive  quad  CMOS 
switch  comprise  the  precision  VCO  of  Figure  2.  This  circuit 
provides  triangle  and  square  wave  outputs  and  draws  only 
75jjA  from  a  single  5V  supply.  A  acts  as  an  integrator;  S1 
switches  the  charging  current  symmetrically  to  yield  positive 
and  negative  ramps.  The  integrator  is  bounded  by  B  which 
acts  as  a  Schmitt  trigger  with  a  precise  hysteresis  of  1.67 
volts,  set  by  resistors  R5,  R6,  and  R7,  and  associated  CMOS 


switches.  The  resulting  output  of  A  is  a  triangle  wave  with 
upper  and  lower  levels  of  3.33  and  1.67  volts.  The  output  of  B 
is  a  square  wave  with  almost  rail-to-rail  swing.  With  the  com- 
ponents shown,  frequency  of  operation  is  given  by  the 
equation: 

/0UT=  VcONTROL  (VOltS)  X  10HZ/V 

but  this  is  easily  changed  by  varying  C1.  The  circuit  operates 
well  up  to  a  few  hundred  hertz. 


FIGURE  2:  Micropower  Voltage  Controlled  Oscillator 
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OP-4S0  LOW-VOLTAGE  MICROPOWER  QUAD  OPERATIONAL  AMPLIFIER 


MICROPOWER  SINGLE-SUPPLY 
QUAD  VOLTAGE-OUTPUT  B-BIT  DAC 

The  circuit  of  Figure  3  uses  the  DAC-B408  CMOS  quad  8-bit 
DAC,  and  the  OP-490  to  form  a  single-supply  quad  voltage- 
output  DAC  with  a  supply  drain  of  only  140/iA.  The  DAC-8408 


is  used  in  the  voltage  switching  mode  and  each  DAC  has  an 
output  resistance  (HOkfi)  independent  of  the  digital  input 
code.  The  output  amplifiers  act  as  buffers  to  avoid  loading 
the  DACs.  The  100kn  resistors  insure  that  the  OP-490  out- 
puts will  swing  below  0.8V  when  required. 


FIGURE  3:  Micropower  Single-Supply  Quad  Voltage-Output  8-Bit  DAC 
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OP-490  LOW-VOLTAGE  MICROPOWER  QUAD  OPERATIONAL  AMPLIFIER 


FIGURE  4:  High  Output  Amplifier 
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HIGH  OUTPUT  AMPLIFIER 

The  amplifier  shown  in  Figure  4  is  capable  of  driving  25Vp.p 
into  a  1  kfl  load.  Design  of  the  amplifier  is  based  on  a  bridge 
configuration.  A  amplifies  the  input  signal  and  drives  the  load 
with  the  help  of  B.  Amplifier  C  is  a  unity-gain  inverter  which 
drives  the  load  with  help  from  D.  Gain  of  the  high  output 
amplifier  with  the  component  values  shown  is  10,  but  can 
easily  be  changed  by  varying  R1  or  R2. 

SINGLE-SUPPLY  MICROPOWER  QUAD 
PROGRAMMABLE  GAIN  AMPLIFIER 

The  combination  of  the  quad  OP-490  and  the  DAC-8408 
quad  8-bit  CMOS  DAC,  creates  a  quad  programmable  gain 
amplifier  with  a  quiescent  supply  drain  of  only  140pA.  The 
digital  code  present  at  the  DAC,  which  is  easily  set  by  a 


microprocessor,  determines  the  ratio  between  the  fixed  DAC 
feed  back  resistor  and  the  resistance  the  DAC  ladder  presents 
to  the  op  amp  feedback  loop.  Gain  of  each  amplifier  is: 

Vqut  _  256 
Vin         n  ' 

where  n  equals  the  decimal  equivalent  of  the  8-bit  digital 
code  present  at  the  DAC.  If  the  digital  code  present  at  the 
DAC  consists  of  all  zeros,  the  feedback  loop  will  be  open 
causing  the  op  amp  output  to  saturate.  The  10M11  resistors 
placed  in  parallel  with  the  DAC  feedback  loop  eliminates  this 
problem  with  a  very  small  reduction  in  gain  accuracy.  The 
2.5V  reference  biases  the  amplifiers  to  the  center  of  the  I  inear 
region  providing  maximum  output  swing. 
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OP-4S0  LOW-VOLTAGE  MICROPOWER  QUAD  OPERATIONAL  AMPLIFIER 


FIGURE  S:  Single-Supply  Micropower  Quad  Programmable-Gain  Amplifier 
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lM>  PM-108A/PM-2108A 

LOW-INPUT-CURRENT  OPERATIONAL  AMPLIFIERS 
PM-lOSA/PM-lOSA/PM-SOSA/PM-IOS/PM-lOS/PM-aOS/TM-llOSA/PM-llOS 


Precision  Monolith ics  Inc. 


FEATURES 

•  Low  Offset  Current    200pA  Max 

•  Low  Bias  Current   2nA  Max 

•  Low  Power  Consumption  18mW  Max  @  ±15V 

•  Wide  Supply  Range   ±3Vto±20V 

•  High  Power-Supply  Rejection  Ratio    96dB  Min 

•  Low  Offset  Voltage  Drift    S/iWCMax 

•  High  Common-Mode  Input  Range    113.5V  Min 

•  High  Common-Mode  Rejection  Ratio  •   96dB  Min 

•  MIL-STD-883  Processing  Models  Available 

•  Silicon-Nitride  Passivation 

GENERAL  DESCRIPTION 

The  PM-108A  series  of  precision  operational  amplifiers 
feature  very  low  input  offset  and  bias  currents.  Although 

ORDERING  INFORMATION! 


directly  interchangeable  with  industry-standard  types, 
Precision  Monolithics'  advanced  processing  provides  the 
PM-108A  series  with  a  significant  improvement  in  input  noise 
voltage.  Low  supply  current  drain  over  a  wide  power-supply 
range  makes  the  PM-108A  attractive  in  battery  operated  and 
other  low-power  applications.  The  low  bias  current  provides 
excellent  performance  with  piezoelectric  and  capacitive 
transducers  and  in  such  high-impedance  circuits  as  long- 
period  integrators  and  sample-and-holds.  For  improved 
performance  see  OP-OB,  OP-12,  OP-20,  OP-21,  and  OP-22. 

The  PM-2108A  contains  two  superbeta,  PM-10BA  op  amps 
in  a  single  16-pin  DIP.  Compared  to  the  single  PM-108A  types, 
this  model  offers  higher  packaging  density,  closer  thermal 
tracking  between  the  two  amplifiers,  and  reduced  insertion 
cost. 


3 


3 
Z 

o 

Cm 

o 


PACKAGE 


HERMETIC 


TA  =  2S°C 
V0SMAX 
(mV) 

TO-99 
8-PIN 

DIP 

8-PIN 

16-PIN 

LCC 

PLASTIC 
DIP 
8-PIN 

OPERATING 
TEMPERATURE 
RANGE 

OS 

PM108AJ/883 

PM108AZ" 

PM2108AQ 

PM108ARC/883 

MIL 

0.5 

PM208AJ 

PM208AZ 

INO 

0.5 

PM308AJ 

PM308AZ 

PM308AP 

COM 

2.0 

PM108J/883 

PM108Z" 

PM2108Q 

MIL 

2.0 

PM208J 

PM208Z 

INO 

7.5 

PM308J 

PM308Z 

COM 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /8€3  alter 
part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 


cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book,  Section  2. 


SIMPLIFIED  SCHEMATIC  (Pin  numbers  for  PM-108  only.  Circuit  fs  1/2  2108) 
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 M-108A/PM-2108A  LOW-INPUT-CURRENT  OPERATIONAL  AMPLIFIERS  

ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage  notes: 

PM-108A,  PM-108,  PM-208A,  PM-208,  1-  Maximum  package  power  dissipation  vs.  ambient  temperature. 

PM-2108A,  PM-2108,  PM-108ARC   ±20V   „...„„„  ..,„,..,„  ,„,.■„  .„„„„  

Mmpu,nl,  +1ow  MAXIMUM  AMBIENT       DERATE  ABOVE 

KM  OUOA,  rM-OUo    ±1BV  TEMPERATURE        MAXIMUM  AMBIENT 

Internal  Power  Dissipation  (Note  1)    500mW       package  type  for  rating  temperature 

Differential  Input  Current  (Note  2)   ±10mA       to-99(J)  eiFc  7.imw/°c 

Input  Voltage  (Note  3)    ±15V       „,  „  „„,  „,„  „,  — —  „.  ,.,„„  

_  .    .  _.      ,.  L  ,    ,      ,.  Plastic  8-Pin  DIP  (P)  36" C  S.6mW/"C 

Output  Short-Circuit  Duration   Indefinite   —  

Operating  Temperature  Range  Hermetic  8-Pin  dip  (Z)  ts>c  e.imvtrc 

PM-108A,  PM-108,  PM-2108A,  Hermetic  t6-Pin  DIP  (Q)  100°C  10.0mW/°C 

PM-2108.  PM-108ARC   -55°C  to +125°C  ICC  IRQ  so'C  7.6mW/°C 

PM-208A.  PM-208   -25°C  to  +85eC  — ~  ~ TTTTTTTrT- I  i  

dm  mat  dm  ona                                    n«r-     j.7n°i~  2-  11,6  inDU,s  ara  "hunted  with  back-to-back  diodes  for  overvoltage  protoc- 

rrvi-JUOH,  rivi-ouo                                      uoio-t-/uo  ,(„„  Therefore,  if  a  differential  input  voltage  In  excess  of  1V  is  applied 

Storage  Temperature  Range  between  the  inputs,  excessive  current  will  flow,  unless  some  limiting 

(Q-,  J-,  Z- or  ARC-Package)  -65°C  to +150°C  resistance  is  provided. 

(P-Package)  -65°C  to +125°C  3-  For  supply  voltages  less  than  ±15V,  the  absolute  maximum  Input  voltage  is 

Lead  Temperature  Range  (Soldering,'  60  sec)            300°C  9C,ual  ,0  ,he  supply  v0"aBe- 

ELECTRICAL  CHARACTERISTICS  at  ±5V  <  Vs  <  ±20V  and  TA=  25°C,  unless  otherwise  noted. 

PM-108A/PM-2108A  PM-108/PM-2108 
PM-208A  PM-208 
PARAMETER  SYMBOL       CONDITIONS  MIN      TYP     MAX   MIN      TVP     MAX  UNITS 

Input  Offset  Vollage  Vqs  —  0.3  0.5   —  0.7       2.0  mV 

Input  Offset  Current  Ips  —  0.05  0.2  —  0.05       0.2  nA 

Input  Bias  Current  Iq  —  0.8  2.0  —  0.8       2.0  nA 

Input  Resistance  Rjn  (Note  1)  30  70  —  30  70       —  Mft 

Urge-Signal  vollage  Gain           Ayo  ^ ,VWn"±WI.                   80  300  -               50  300  -  V/mV 

SupplyCurrent  \„  L01^"*.0,  ^Sf"0'  ~       03       °-6  ~       °-3  08 

"T  Each  Amplifier 


ELECTRICAL  CHARACTERISTICS  at±5V<  Vs<±20V.-55oC<TA<+125',CforPM-108A,  PM-108,  PM-2108Aand  PM-2108. 
-25"C  <  TA<  +85',C  for  PM-208A,  PM-208,  unless  otherwise  noted. 


PM-108A/PM-2108A 

PM-108/PM-2108 

PM-208A 

PM-208 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  I 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

0.4 

1.0 

1.0 

3.0 

mV 

Average  Input  Olfset 
Voltage  Drift 

TCVos 

(Note  2) 

1 

5 

3 

15 

pWC 

Input  Offset  Current 

'os 

0.1 

0.4 

0.1 

0.4 

nA 

Average  Input  Offset 
Current  Drift 

TCIos 

(Note  2) 

0.5 

2.5 

0.5 

2.5 

pA/»C 

Input  Bias  Current 

'b 

1 

3 

1 

3 

nA 

Large-Signal  voltage  Gain 

*vo 

VS=±15V,VOOT=±10V, 
RL>10kfl 

40 

200 

25 

200 

V/mV 

Output  voltage  Swing 

Vo 

VS  =  ±1SV,  Ru=10kf> 

±13 

±14 

±13 

±14 

V 

Input  Voltage  Range 

IVR 

VS  =  ±15V 

±13.5 

±13.5 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

VS  =  ±15V.VCM  =  ±13.5V 

06 

110 

85 

100 

dB 

Power-Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±5Vto±20V 

3 

15 

15 

100 

jiV/V 

Supply  Current 

'sv 

Vout  =  0.Ta=MAX. 
Each  Amplifier 

0.15 

0.4 

0.15 

0.4 

mA 

NOTES: 

1.  Guaranteed  by  input  bias  current.  2.  Sample  tested. 
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PM-108A/PM-2108A  LOW-INPUT-CURRENT  OPERATIONAL  AMPLIFIERS 


ELECTRICAL  CHARACTERISTICS  at  ±5V  <  Vs  <  ±  15V  and  TA  =  25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-308A 

TYP 

MAX 

MIN 

PM-308 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

0.3 

0.5 

2.0 

7.5 

mV 

Input  Offset  Current 

■os 

0.2 

1.0 

0.2 

1.0 

nA 

Input  Bias  Current 

■b 

1.S 

7.0 

1.5 

7.0 

nA 

Input  Resistance 

"in 

(Notel) 

10 

40 

10 

40 

Mfl 

Large-Signal  Voltage  Gain 

Ayo 

VS  =  ±1SV,  Vout  =  ±«>V, 
Ru2  lOkn 

80 

300 

25 

300 

V/mV 

Supply  Current 

•sv 

Iout=0.Vout  =  0, 
Each  Amplifier 

0.3 

0.8 

0.3 

0.8 

mA 

ELECTRICAL  CHARACTERISTICS  at  +5V  <  Vs <  ±  15V  and  0°C  <  TA  <  +70° C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-308A 

TYP 

MAX 

MIN 

PM-308 

TYP 

MAX 

UNITS 

Input  Offset  voltage 

Vos 

0.4 

0.73 

3.0 

10.0 

mV 

Average  Input  Offset 
Voltage  Drift 

TCVos 

(Note  1) 

1 

S 

6 

30 

j.WC 

Input  Offset  Current 

'os 

0.3 

1.5 

0.3 

1.5 

nA 

Average  input  Offset 
Current  Drift 

TCIos 

1  Notel) 

2 

10 

2 

10 

pA/"C 

Input  Bias  Current 

'b 

2 

10 

2 

10 

nA 

Large-Signal  voltage  Gain 

Avo 

Vs  =  ±1SV.Vout  =  ±10V, 
RL2  10kn 

60 

200 

15 

100 

V/mV 

Output  voltage  Swing 

Vo 

VS  =  ±1SV.  RL=10kn 

±13 

±14 

±13 

±14 

V 

Input  Voltage  Range 

IVR 

VS  =  ±1SV 

+  14 

±13 

V 

Common-Mode 
Reiectlon  Ratio 

CMRR 

Vcm  =  ±13.5V 

86 

110 

60 

100 

dB 

Power-Supply 
Rejection  Ratio 

PSRR 

Vs=±5VtO+15V 

3 

15 

15 

100 

liV/V 

Supply  Current 

'SY 

VOUT  =  0.TA=MAX, 
Each  Amplifier 

0.23 

0.23 

mA 

2 


i 

O 

ui 
O 


NOTE: 

1.  Guaranteed  by  Input  bias  current. 


PIN  CONNECTIONS 


coup  |T  •        JJ  comp 

♦in  LT  -]y^~  JJ  out 
v-  Lt  U  N-e. 


EPOXY  MINI-DIP 
(P-SuHlx) 
AND 

8-PIN  HERMETIC  DIP 
(Z-Sufflx) 


JTJ  OUT  IAI 
t£]  N.C. 
|TJ  N.C 

ig  *in  ibi 

HI  -IN  (81 
77]  IN  COMP  (61 
to]  OUT  COMP  (Bl 
JJ  V»  IB) 


16-PIN  HERMETIC  DIP 
(Q-Suflix) 


TO-99 
(J-Sulllx) 


PM-108AHC/883 

a  I  i  8  i 

/LiJliJLLJHHS 

N.C.  JJ  [ij  N.C 

-IN  JJ  [«  Vt 

N.C.  JJ  £j[  N.C. 

+IN  JJ  [JJ  OUT 

N.C.  JJ  [H  N.C. 


LCC  PACKAGE 
(RC-Sufflx) 
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BURN-IN  CIRCUIT 


PM-1C8A/PM-2108A  LOW-INPUT-CURRENT  OPERATIONAL  AMPLIFIERS 

COMPENSATION  CIRCUITS 
STANDARD 


APPLICATIONS  INFORMATION 

The  PM-108A  series  has  very  low  input  offset  and  bias 
currents;  the  user  is  cautioned  that  printed  circuit  board 
leakages  can  produce  significant  errors,  especially  at  high 
board  temperatures.  Careful  attention  to  board  layout  and 
cleaning  procedure  is  required  to  achieve  the  PM-108A's 
rated  performance.  It  is  suggested  that  board  leakage  be 
minimized  by  encircling  the  input  pins  with  a  guard  ring 
maintained  at  a  potential  close  to  that  of  the  inputs.  The 
guard  ring  should  be  driven  by  alow  impedance  source  such 
as  an  amplifier's  output  or  ground. 


"  R1  •  R2 
Co-30pF 


ALTERNATE 


Cs  -  lOOpF 


(IMPROVES  REJECTION  OF  POWER  SUPPLY  NOISE  BY  A  FACTOR  OF  TEN) 
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|Ml>  PM-148/PM-248 

QUAD  741 
OPERATIONAL  AMPLIFIER 


Precision  MonolithicS  Inc. 


FEATURES 

Improved  Specifications  Over  Industry  Standard  LM148 

•  ■  Input  Ollset  Voltage  2.5m  V  Max 

•  Input  Offset  Current  10nA  Max 

•  Input  Bias  Current    75nA  Max 

•  Small  Signal  Bandwidth   0.8MHz  Typ 

•  Common-Mode  Rejection  Ratio    105dB  Typ 

•  Power  Supply  Rejection  Ratio   115dB  Typ 

•  Phase  Margin  80"  Typ 

Fully  Specified  Over  Military  and  Industrial  Temperature 
Range 


ORDERING  INFORMATION! 


PIN  CONNECTIONS 


14-PIN  HERMETIC  DIP 
(Y-Suffix) 


OPERATING 

Vos  MAX 

TEMPERATURE 

(mV) 

PACKAGE 

RANGE 

2.5 

PM-148Y 

MIL 

2.5 

PM-248Y 

IND 

f  Burn-in  is  available  on  commercial  and  industrial  temperature  range  pans  in 
cerdip.  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1983 
Data  Book.  Section  2. 


SIMPLIFIED  SCHEMATIC  (One  of  Four  Amplifiers ) 


GENERAL  DESCRIPTION 

The  PM-148  is  Precision  Monolithics'  improved  version  of  the 
industry-standard  LM148  quad  741,  high  gain,  internally 
compensated,  low-power  operational  amplifier,  offered  over 
the  full  military  and  industrial  temperature  ranges.  The 
PM-148  provides  functional  characteristics  identical  to  the 
LM148  and  is  a  pin-for-pin  replacement  with  significant 
improvements  on  the  key  parameters  of  input  offset  voltage, 
input  bias  current,  and  input  offset  current. 


2 

i — i 
Oh 


o 
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pm!> 


PM-148/PM-248  QUAD  741  OPERATIONAL  AMPLIFIER 


Excellent  isolation  between  amplifiers  is  achieved  by  inde- 
pendently biasing  each  amplifier  and  using  layout  tech- 
niques that  minimize  thermal  coupling. 

The  PM-148  can  be  used  anywhere  multiple  741  or  1558  type 
amplifiers  are  being  used  and  in  applications  where  amplifier 
matching  or  high  packing  density  is  required.  The  improved 
performance  of  the  PM-148  allows  immediate  upgrading  of 
LM148  applications. 


ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage     .±22V 

Differential  Input  Voltage  ±44V 


Input  Voltage  ±22V 

Output  Short  Circuit  Duration  (Note  1)   Continuous 

Power  Dissipation  (Pd  at  25°C)  900mW 

Thermal  Resistance  (0JA)  , . .  100'C/W 

Maximum  Junction  Temperature  150°C 

Operating  Temperature  Range 

PM-148   -55°C  <  TA  < +125°C 

PM-248  -25°C<TA<+85,,C 

Storage  Temperature  Range   -65°C  to  150°C 

Lead  Temperature  Range  300°C 

NOTE: 

1.  Any  of  the  amplifier  outputs  can  be  shorted  to  ground  indefinitely; 
however,  more  than  one  should  not  be  simultaneously  snorted,  as  the 
maximum  junction  temperature  will  be  exceeded. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  TA  =  25°C,  unless  otherwise  noted. 


PM-148/PM-248 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

v0s 

Rs<  1CKI1 

0.1 

2.5 

mV 

Input  Offset  Current 

los 

0.1 

10 

nA 

Input  Bias  Current 

'b 

20 

75 

nA 

Input  Resistance 

RIN 

{Note  1) 

OS 

2.5 

Mil 

Supply  Current 

lSv 

VS  =  ±15V 

2.4 

3.6 

mA 

Large  Signal  Voltage  Gain 

Avo 

Vs=  ±15V 

VOUT=±10V.  RLa2kil 

50 

ISO 

V/mV 

Positive  Short  Circuit  Current 

lsc+ 

18 

mA 

Negative  Short  Circuit  Current 

Isc- 

36 

mA 

Common-Mode  Rejection  Ratio 

CMRR 

Rs<  10k  11 

80 

105 

dB 

Input  Voltage  Range 

IVR 

VS  =  ±15V 

±12 

V 

Power  Supply  Rejection  Ratio 

PSRR 

Rs<  tOkll 

85 

115 

dB 

Output  Voltage  Swing 

Vo 

VS  =  +15V  RL=1°k" 

±12 
±11 

±13 
±12.5 

V 

Slew  Rale 

SR 

A„=  1 

0.4 

V/|is 

Small  Signal  Bandwidth 

BW 

0.8 

MHz 

Phase  Margin 

0° 

Av=  1 

80 

degrees 

NOTE: 

1.  Guaranteed  by  formula  R1N  = 
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PM-148/PM-248  QUAD  741  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  -S5°C  <  TA  <  +12S°C,  unless  otherwise  noted. 


PM-148 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

Rs<  lOkil 

— 

0.6 

6 

mV 

Input  Offset  Current 

los 

0.5 

25 

nA 

Input  Bias  Current 

is 

30 

100 

nA 

Supply  Current 

'SY 

V.-+15V  TAS+1K*C 
S  TA2-55«C 

_ 

— 

2.4 
3.5 

3.6 
4.5 

mA 

Large  Signal  Voltage  Gain 

Avo 

VS=±15V 

VOUT=±10V.RL>2I(H 

25 

75 

V/mV 

Common-Mode  Rejection  Ratio 

CMRR 

Rs<  10ktl 

80 

100 

dB 

Power  Supply  Rejection  Ratio 

PSRR 

80 

95 

dB 

Output  Voltage  Swing 

Vo 

VS=+15V  Rl=1<*" 
s             RL  =  2kll 

±12 
±10 

±13 
±12 

V 

Input  Voltage  Range 

IVR 

VS=±15V 

±12 

V 

ELECTRICAL  CHARACTERISTICS  at  Vs 

=  ±15V,  -25"C  £  TA  £  +85°C,  unless  otherwise  noted. 

PM-248 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

Rs<  10kll 

7.5 

Input  Offset  Current 

'OS 

125 

Input  Bias  Current 

■s 

500 

nA 

Supply  Current 

ISY 

VS  =  ±1SV 

2.4 

4.5 

mA 

Large  Signal  Voltage  Gain 

Av0 

VS  =  ±1SV 

VoijT  =  ±10V.  RL6  2kll 

15 

V/mV 

Common-Mode  Rejection  Ratio 

CMRR 

Rs<  tOkll 

70 

90 

dB 

Power  Supply  Rejection  Ratio 

PSRR 

Rs<10kl) 

77 

96 

dB 

Output  Voltage  Swing 

v0 

VS  =  ±,5V  ^■"U 
s             RL  =  2kll 

±12 
±10 

±13 
±12 

V 

Input  Voltage  Range 

IVR 

VS=±15V 

±12 

V 

U4 

UL, 


I 

o 

Hi 
O 
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PM-148/PM-248  QUAD  741  OPERATIONAL  AMPLIFIER 


PARAMETER 

SYMBOL 

CONDITIONS 

PM-148GBC 

LIMIT 

PM-148GTBC 
LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

Rs<  lOkll 

2.5 

6.0 

mV  MAX 

Input  Offset  Current 

los 

10 

25 

nA  MAX 

Input  Bias  Current 

'b 

75 

100 

nAMAX 

Supply  Current 

'sv 

VS=±15V 

3.6 

3.6 

mA  MAX 

Large  Signal  Voltage  Gain 

Avo 

VS=±15V 

VOUT  =  ±10V.  RL>2kll 

50 

25 

V/mV  MIN 

Common-Mode  Rejection  Ratio 

CMHR 

Rs<  lOkll 

80 

60 

dBMIN 

Power  Supply  Rejection  Ratio 

PSRR 

Rs<  10k  11 

85 

80 

dB  MIN 

Output  Voltage  Swing 

Vo 

VS  =  ±15V.    RL  =101(11 
RL  =  2ki> 

±12 
±11 

±12 
±10 

VMIN 

Input  voltage  Range 

IVR 

VS=±1SV 

±12 

±12 

V  MIN 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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PM-148/PM-248  QUAD  741  OPERATIONAL  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


VOLTAGE  SWING  V8 
SUPPLY  VOLTAGE 


OUTPUT  IMPEDANCE 
vs  FREQUENCY 


-  100 

u 

i  - 

p. 

? « 

3 
a. 

S  .0 


1  iinnr- 

T»  -  2S*C 

» 

-  too 

1 
A 

III 
-t 

III 

I 

3 1 

III 

COMMON-MODE 
REJECTION  RATIO 
vs  FREQUENCY 


3 

UJ 

M 

0- 


±10      ±is  ±20 

SUPPLY  VOLTAGE  (V) 


FREQUENCY  (Mil 


FREQUENCY  (Hi) 


OPEN-LOOP 

FREQUENCY  RESPONSE  GAIN  AND  PHASE  LARGE  SIGNAL 

vs  GAIN  vs  FREQUENCY  PULSE  RESPONSE 


FREQUENCY  (Hi)  FREQUENCY  (MH<)  TIME  (pi) 
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PM-148/PM-248  QUAD  741  OPERATIONAL  AMPLIFIED 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


SMALL  SIGNAL 
PULSE  RESPONSE 


r— 

D 

i 

-1 

■  iisv  - 
-2VC 

ipr- 

VIN 

SLEW  RATE  vs  TEMPERATURE 


 1 

Vl" 

I — 

fctSV 

P08 

T1VE 

KEG 

-H     -8       D       25      50  75 
TEMPERATURE  (*C) 
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mb  PM-155A/PM-156A/PM-157A 

MONOLITHIC  JFET-INPUT 
OPERATIONAL  AMPLIFIERS 


Precision  Mono  I  it  hies  Inc. 


LOW  SUPPLY  CURRENT  —  PM-155A/PM-355A/PM-155 
GENERAL  PURPOSE  —  PM-156A/PM-356A/PM-156 
WIDE-BANDWIDTH  —  PM-157A/PM-357A/PM-157 


FEATURES 

AH  Devices 

•  Low  Input  Bias  and  Offset  Currants 

•  Low  Input  Offset  Voltage    1.0mV 

•  Low  Input  Offset  Voltage  Drift    3.0m V/°C 

•  Low  Input  Noise  Current   0.01  pA/V  Hz 

•  High  Common-Mode  Rejection  Ratio   100dB 

PM-155  (Only)   LF155  Replacement 

•  Low  Supply  Current    2mA 

PM-156(Only)  .."   LF156  Replacement 

•  High  Slew  Rate   12V/psec 

•  Fast  Settling  to  ±0.01%  4.0ftsec 

PM-157(Only)   LF157  Replacement 

•  Wide-Bandwidth  Decompensated  (Avcl= 5  Mln) . . .  20MHz 

•  High  Slew  Rate    4SV//isec 

•  Fast  Settling  to  ±0.01%  4.0jisec 


GENERAL  DESCRIPTION 

The  PM  JFET-input  series  provides  low  input  current,  high 
slew  rate,  and  direct  interchangeability  with  LF155, 156,  and 
157  types.  These  operational  amplifiers  use  a  new  process 
which  allows  fabrication  of  matched  JFET  transistors  and 
standard  bipolar  transistors  on  the  same  chip.  High  accuracy 
and  low  cost  make  the  PM  JFET-input  series  useful  in  new 
designs  and  as  replacements  for  modular  and  hybrid  types. 
Unlike  many  designs,  nulling  the  input  offset  voltage  does 
not  degrade  common-mode  rejection  ratio  or  input  offset 
voltage  drift.  Low  input  voltage  noise  and  current  noise  plus  a 
low  1/f  noise  corner  frequency  allow  these  amplifiers  to  be 
used  in  a  variety  of  low  noise,  wide-bandwidth  applications. 

Dynamic  specifications  for  the  PM-155  include  a  slew  rate  of 
5V/>is,  a  2.5MHz  gain  bandwidth  product,  and  settling  time  to 
within  ±0.01%  of  final  value  in  5.0/iS.  The  PM-156  has  a  slew 
rate  of  12V/>is  and  a  settling  time  of  4.0ms  to  ±0.01%  of  final 
value. 

The  PM-157  is  a  very  fast  decompensated  device.  This  results 
in  a  45V//is  slew  rate,  a  20MHzgain  bandwidth  product,  and  a 
settling  time  of  4.0ms.  Decompensation  requires  a  minimum 
closed-loop  gain  of  five  because  of  stability  considerations. 

For  improved  performance,  see  the  OP-15/OP-16/OP-17  data 
sheet.  For  duals,  see  the  OP-215  data  sheet. 


3 

w 

Oh 
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SIMPLIFIED  SCHEMATIC 
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PM-1SSA/PM-1S6A/PM-157A  MONOLITHIC  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage 
PM-155A,  PM-156A.  PM-157A,  PM-155,  PM-156.  PM-157, 


PM-355A,  PM-356A,  PM-357A   ±22V 

Internal  Power  Dissipation 
PM-155A,  PM-156A,  PM-157,  PM-155,  PM-156. 

PM-157    670mW 

PM-355A,  PM-356A.  PM-357A    500mW 


(Derate  based  on  a  thermal  resistance  of  150°C/W 
junction  to  ambient  or  45°  C/W  junction  to  case.) 


Operating  Temperature  Range 
PM-155A,  PM-156A,  PM-157  A,  PM-155,  PM-156, 

PM-157    -55°Cto+125<,C 

PM-355A.  PM-356A,  PM-357A   0°C  to  +70°  C 

Maximum  Junction  Temperature  (Tj) 
PM-155A,  PM-156A,  PM-157A,  PM-155,  PM-156, 

PM-157   +150°C 

PM-355A,  PM-356A,  PM-357A   +100°C 


Differential  Input  Voltage 
PM-155A,  PM-156A.  PM-157  A,  PM-155,  PM-156,  PM-157, 

PM-355A,  PM-356A,  PM-357A   ±40V 

Input  Voltage 

PM-155A,  PM-156A,  PM-157  A,  PM-155,  PM-156,  PM-157, 
PM-355A,  PM-356A,  PM-357A   +20V 

NOTE: 

The  absolute  maximum  negative  input  voltage  Is  equal  to  the  negative  power 
supply  voltage. 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range   -65° C  to  +150°C 

Lead  Temperature  Range  (Soldering,  60  sec)  —  +300°  C 


ELECTRICAL  CHARACTERISTICS  at  +15V  £  Vs  <  ±20V.  -55°C  <  TA  <  +125°C  and  THigh  =  +125°C  for  PM-155A, 
PM-156A  and  PM-157A,  0° C  <  TA<  +70° C  and  Thigh  = +70°  C  for  PM-355A,  PM-356A  and  PM-357A,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

PM-155A7 
PM-156A/ 
PM-157A 

MIN    TYP  MAX 

PM-355A/ 
PM-356A/ 
PM-357A 
MIN    TYP  M 

AX 

UNITS 

Input  Offset  Voltage 

Vos 

Rs=son 

1.4 

2.5 

1.2 

2.3 

mv 

Input  Offset  Voltage  Drift 

TCVoa 

R3=50n 

3 

5 

3 

5 

(■WC 

Change  in  Input  Offset 
Drift  with  Vo3  Adjust 

/  ATCVos\ 
V  AVos  / 

Rs=50« 

0.S 

0.5 

/iWCpermV 

Input  Offset  Current 

los 

Tj£TH,GHtNote1| 

4.0 

10 

0.4 

1.0 

nA 

Input  Bias  Current 

la 

Tj<THIGH(Note1i 

±10  ±25 

±2 

±5 

nA 

Large-Signal  Voltage  Gain 

AVO 

VS=±15V.  Vo=±10V. 
RL  =  2kfl 

25 

75 

25 

75 

V/mV 

Output  Voltage  Swing 

v0 

Vs=±15V.RL=10kn 

Vs=±isv,RL=2kn 

±12 
±10 

±13 
±12 

±12 
±10 

±13 
±12 

V 

Input  Voltage  Range 

IVR 

VS  =  ±15V 

±10.4 

+  15.1 
-12.0 

±10.4 

+  15.1 
-12.0 

V 

Common-Mode  Rejection 
Ratio 

CMRR 

Vc«=±IVR 

85 

100 

85 

100 

dB 

Power  Supply  Rejection 
Ratio 

PSRR 

(Note  2) 

10 

57 

10 

57 

liV/V 

NOTES: 

1 .  PMI  has  a  bias  current  compensation  circuit  which  gives  improved  bias 
current  over  the  standard  JFET  input  op  amps.  lBandlosare  measured  at 

Vc*=0. 

2.  Power  supply  rejection  ratio  Is  measured  for  both  supply  magnitudes 
Increasing  or  decreasing  simultaneously.  In  accordance  with  common 
practice. 
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PM-15SA/PM-1S6A/PM-157A  MONOLITHIC  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


ELECTRICAL  CHARACTERISTICS  at  ±  15V  <  Vs  <  ±20V,  TA  =  25°  C,  unless  otherwise  noted. 


PM-1SSA/ 
PM-1S6A/ 
PM-157A 

PM-3S5A/ 
PM-356A/ 
PM-357A 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

MIN 

TYP  MAX 

UNITS 

Input  Offset  Voltage 

Vos 

R8=50fl 

— 

1 

2 

— 

1 

2 

mV 

Input  Offset  Current 

'OS 

T,  =  25°C(Note1) 

- 

3 

10 

- 

3 

10 

PA 

IN LlUt  DM19 

1 1    <vO  i«  ( no  IS  1  J 

±30  ±50 

±30  ±50 

pA 

Input  Resistance 

R|N 

10" 

— 

10" 

- 

n 

Lnrwwfilnnnl  UnttanA  An  In 
MH yi^wi yi Kll  wiioyv  walls 

"VO 

Vs  =  ±15V,Vo  =  ±10V. 
Rt  =  2kn 

50 

200 

50 

200 

V/mV 

Supply  Current 

Isv 

Vg  =  ±15V 

PM-1S5 

PM-156/PM-157 

— 

2 
5 

4 

7 

— 

2 
5 

4 

7 

mA 

Slew  Rate 

SR 

AVCL  =  +1.VS  =  ±1SV 

PM-155 
PM-156 

3 
10 

5 
12 

3 
10 

5 
12 

V/ps 

AVCL  =  +5,VS=±15V 

PM-157 

40 

45 

40 

45 

Gain  Bandwidth  Product 

QBW 

AVCL  =  +  1.VS=±15V 

PM-15S 
PM-156 

4.0 

2.5 
4.5 

4.0 

2.5 
4.5 

MHz 

AVCL  =  +5,VS  =  ±15V 

PM-157 

15 

20 

15 

20 

Settling  Time  (to  ±0.01%) 

ts 

Vs  =  ±15V(Note2) 

PM-155 
PM-156 

5.0 
4.0 

4.0 
1.5 

PS 

V8=+15V(Note3) 

PM-157 

4.0 

1.5 

R3=  100fl,  1=  100Hz 

PM-155 

PM-1S6/PM-157 

25 

25 

Input  Noise  Voltage 

«n 

R8=ioon,f=ioooHi 

R8=  100n,  f=  100Hz 
Rs=100n,f=  1000Hz 

20 
15 
12 

20 
15 
12 

Input  Noise  Current 

In 

f=  100Hz.  Vs  =  ±  15V 
f  =  1000Hz,  Vs=±  15V 

0.01 
0.01 

0.01 
0.01 

PA/v/hT 

Input  Capacitance 

C|N 

3 

3 

PF 

NOTES: 

1.  PMI  has  a  bias  current  compensation  circuit  which  gives  Improved  bias 
current  over  the  standard  JFET  Input  op  amps.  lBand  los  are  measured  at 
Vc*=0. 

2.  Settling  time  Is  defined  here  for  a  unity  gain  inverterconnectlon  using  2kn 
resistors.  It  is  the  time  required  for  the  error  voltage  (the  voltage  at  the 
inverting  input  pin  on  the  amplifier)  to  settle  to  within  0.01%  of  its  final 
value  from  the  time  a  10V  step  Input  is  applied  to  the  inverter.  See  settling 
time  test  circuit. 

3.  Settling  time  Is  defined  here  for  a  Av= -5  connection  with  RF = 2kfl.  It  Is 
the  time  required  for  the  error  voltage  (the  voltage  at  the  Inverting  input 
pin  on  the  amplifier)  to  settle  to  wlthtnO.01%  of  its  final  value  from  the  time 
a  2V  step  Input  Is  applied  to  the  inverter.  See  settling  time  test  circuit. 
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PM-155A/PM-156A/PM-157A  MONOLITHIC  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


ELECTRICAL  CHARACTERISTICS  at  TA=+25oC,±15V<VsS±20V  for  PM-155,  PM-156and  PM-157,  unless  otherwise  noted. 


PM-155 

PM-156 

PM-157 

DAD  A  U  CTCO 
rWiAMc  l  En 

oyunni 

OlMOUL 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

Rs  =  50n 

3 

5 

mV 

Input  Offset  Current 

■os 

T|=2S"C(Note1) 

3 

20 

PA 

Input  Bias  Current 

>0 

T,=  2S°C(Note1) 

±30 

±100 

PA 

Input  Resistance 

_ 

io<» 

n 

Large-Signal  Voltage  Gain 

AVO 

V8=±15V,  Vo=±10V, 
RL=2MJ 

50 

200 

— 

V/mV 

Supply  Current 

«SY 

VS  =  ±1SV 

PM-156/PM-157 

- 

5 

7 

mA 

Slew  Rate 

SR 

Avct=+1.V8=±15V 

PM-155 
PM-156 

7.5 

5 
12 

V/jlS 

AV(-l  =  +5.  VS=±15V 

VOL             1  3 

PM-157 

30 

40 

Gain  Bandwidth  Product 

GBW 

AVCL=+1.V8=±15V 

PM-155 
PM-156 

2.5 
5 

- 

MHZ 

AycL=  +5,  V8°  ±15V 

PM-157 

20 

Settling  Time  (to  ±0.01%) 

's 

V8  =  ±15V(Note2) 

PM-155 
PM-156 

- 

5 

- 

(IS 

V8  =  ±15V(Note3) 

PM-157 

— 

4 

_ 

Rs=100n,f  =  100Hz 

PM-155 

PM-156/PM-1S7 

25 

Input  Noise  Voltage 

e„ 

R8=100n,l=  1000Hz 
Rs°100n,  1 -100Hz 
Rs=  lOOa  1=  1000Hz 

20 
15 
12 

nV/v^HT 

Input  Noise  Current 

In 

1=  100Hz,  V8  =  ±  15V 
f=  1000HZ.  VS  =  ±15V 

0.01 

pA/vTiT 

Input  Capacitance 

3 

NOTES: 

1.  PMf  has  a  bias  current  compensation  circuit  wtilch  gives  improved  bias 
current  over  the  standard  JFET  input  opamps.  I8and  losare  measured  at 
VCM  =  0. 

2.  Settling  time  isdelined  here  for  a  unity  gain  Inverter  connection  using  2kfl 
resistors.  It  is  the  time  required  for  the  error  voltage  (the  voltage  at  the 
Inverting  Input  pin  on  the  amplifier)  to  settle  to  within  0.01%  of  its  final 
value  from  the  time  a  10V  step  Input  is  applied  to  the  Inverter.  See  settling 
time  test  circuit. 

3.  Settling  time  isdefined  here  for  a  Av--5connection  with  RF-  2MI.  It  Is  the 
time  required  for  the  error  voltage  (the  voltage  at  the  Inverting  input  pin  on 
the  amplifier)  to  settle  to  within  0.01%  of  its  final  value  from  the  time  a  2V 
step  input  is  applied  to  the  inverter.  See  settling  time  test  circuit. 
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PM-155A/PM-156A/PM-1S7A  MONOLITHIC  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


ELECTRICAL  CHARACTERISTICS  at±15V<  Vs<±20Vand-55oC<TA<  +  125oCandTHiGH=  +  125oCforPM-155,  PM-1S6 
and  PM-157,  unless  otherwise  noted. 


PM-155 

PM-156 

PM-157 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TVP 

MAX 

UNITS 

Input  Offset  Voltage 

vos 

R§=  50fl 

7 

mV 

Input  Offset  Voltage 
Drift 

TCVos 

Rs  =  50n 

5 

j.WC 

Change  In  Input  Oflset 
Drift  With  Vq3  Adjust. 

(avCV°S) 

\  AVOS  / 

R8=son 

0.S 

(iWC 
per  mV 

Input  Offset  Current 

'os 

T|STHlQH(Note1| 

- 

8 

20 

nA 

Input  Bias  Current 

lo 

T|STKIQH(Note1) 

±2 

±50 

nA 

Large-Signal  Voltage 
Gain 

Ayo 

VS=±15V,  Vo  =  ±10V 
RL=2kn 

25 

75 

V/mV 

Output  Voltage  Swing 

Vo 

V3«=±1SV.RL=10kn 
VS  =  +  15V,  Rt=2kfl 

±12 
±10 

±13 
±12 

V 

Input  Voltage  Range 

IVR 

VS=±15V 

±10.4 

+15.1 
-12.0 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

vCM  =  ±ivn 

85 

100 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

{Note  2) 

10 

57 

pV/V 

NOTES: 

1.  PMI  has  a  bias  current  compensation  circuit  which  gives  improved  bias  2.  Power  supply  rejection  ratio  Is  measured  for  both  supply  magnitudes 

currentoverthestandardJFETinputopamps.lsandlosaremeasuredat  Increasing  or  decreasing  simultaneously,  in  accordance  with  common 

vcm  =  0.Tj  =  +  125°C.  practice. 


ORDERING  INFORMATION! 


PIN  CONNECTIONS 


PACKAGE 

TA=25*C 

8-PIN 

OPERATING 

V0SMAX 

TO-99 

HERMETIC 

TEMPERATURE 

(mV) 

8-PIN 

DIP 

LCC 

RANGE 

PM155AJ* 

PM155AZ/883  PM155ARC/883 

2.0 

PM156AJ" 

PM156A2- 

PM156ARC/883 

MIL 

PM157AJ/883 

PM157AZ' 

PM3S5AJ 

PM355AZ 

2.0 

PM356AJ 

PM356AZ 

COM 

PM357AJ 

PM357AZ 

PM155J- 

PM155Z- 

5.0 

PM156J- 

PM156Z" 

MIL 

PM157J- 

PM157Z- 

*  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /863  after 
part  number.  Consult  factory  lor  683  data  sheet. 

fBurn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1968 
Data  Book,  Section  2. 


8-PIN  HERMETIC  DIP 
(Z-Sufflx) 


r  LULUUJlalLU'S 

N.C.  ±\  Ql  N.C 

-IN  7]  Qf  V* 

N.C.  7]  N.C. 

♦  IN  7]  Ql  OUT 

N.C.  JJ  Dl  NC- 


TO-99  (J-Suffix) 


PM-155ARC/883, 
PM-156ARC/883 
20-LEAD  LCC 
(RC-Suflix) 
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PM-15SA/PM-156A/PM-1S7A  MONOLITHIC  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


BASIC  CONNECTIONS 
SETTLING-TIME  TEST  CIRCUIT 


3111       I  VOUI 


■  40OI1  10.1%  FOR  PM-157A 
"~         IkU  10.1%  FOR  PM-157A 


INPUT  OFFSET  VOLTAGE  NULLING 


NOTE: 

FOR  POTENTIOMETERS  WITH  A  TEMPERATURE  COEFFICIENT  c  lOOppm/'C. 
THE  ADDED  TCVOT  WITH  NULLING  IS  *  0  ivVfClmV  OF  ADJUSTMENT. 


BURN-IN  CIRCUIT 


APPLICATIONS  INFORMATION 

INPUT  VOLTAGE  CONSIDERATIONS 

The  PM  series  JFET  input  stages  can  accommodate  large 
input  differential  voltages  without  external  clamping  as  long 
as  neither  input  exceeds  the  negative  power  supply.  An  input 
voltage  which  is  more  negative  than  V-  can  result  in  a 
destroyed  unit. 

If  both  inputs  exceed  the  negative  common-mode  voltage 
limit,  the  amplifier  will  be  forced  to  a  high  positive  output.  If 
only  one  input  exceeds  the  negative  common-mode  voltage 
limit,  a  phase  reversal  takes  place  forcing  the  output  to  the 
corresponding  high  or  low  state.  In  either  of  the  above 
conditions,  normal  operation  will  return  when  both  inputs  are 
returned  to  within  the  specified  common-mode  voltage  range. 

Exceeding  the  positive  common-mode  limit  on  a  single  input 
will  not  change  the  phase  of  the  output.  However,  if  both 
inputs  exceed  the  limit,  the  output  of  the  amplifier  will  be 
forced  to  a  high  state. 

POWER  SUPPLY  CONSIDERATIONS 

Power  supply  polarity  reversal  can  result  in  a  destroyed  unit. 

DYNAMIC  OPERATING  CONSIDERATIONS 

As  with  most  amplifiers,  care  should  be  taken  with  lead 
dress,  component  placement,  and  supply  decoupling  in 
order  to  ensure  stability.  For  example,  resistors  from  the 
output  to  an  input  should  be  placed  with  the  body  close  to  the 
input.  This  minimizes  "pick-up"  and  increases  the  frequency 
of  the  feedback  pole  by  minimizing  the  capacitance  from 
input  to  ground. 

A  feedback  pole  is  created  when  the  feedback  around  any 
amplifier  is  resistive.  The  parallel  resistance  and  capacitance 
from  the  input  of  the  device  to  AC  ground  sets  the  frequency 
of  the  pole.  In  many  instances,  the  frequency  of  this  pole  is 
much  greater  than  the  expected  3dB  frequency  of  the 
closed-loop  gain.  Consequently,  the  pole  has  negligible 
effect  on  stability  margin.  However,  if  the  feedback  pole  is 
less  than  approximately  six  times  the  expected  3dB  fre- 
quency, a  lead  capacitor  should  be  placed  from  the  output  to 
the  inverting  input  of  the  opamp.  The  capacitor  value  should 
be  such  that  the  RC  time  constant  of  the  capacitor  and 
feedback  resistor  is  greater  than,  or  equal  to,  the  original 
feedback-pole  time  constant. 
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Precision  Monolithics  Inc. 


PM-741 

COMPENSATED 
OPERATIONAL  AMPLIFIER 


FEATURES 

•  Industry  Standard  741  Specifications 

•  Internal  Frequency  Compensation 

•  Continuous  Short-Circuit  Protection 

•  Silicon-Nitride  Passivation 

•  Low  Noise 


ORDERING  INFORMATION! 


TA  =  2S"C 

PACKAGE 

OPERATING 

vos  max 

TO-99 

TEMPERATURE 

(mV) 

8-PIN 

RANGE 

5.0 

PM741J 

MIL 

6.0 

PM741CJ 

COM 

f  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  19B8 
Oata  Book,  Section  2. 


GENERAL  DESCRIPTION 

The  PM-741  series  of  Internally-compensated  operational 
amplifiers  provide  industry-standard  741  specifications.  In 
addition,  Precision  Monolithics'  exclusive  Silicon-Nitride 
"Triple  Passivation"  process  provides  high  reliability  and 
long-term  stability  of  parameters.  For  higher  performance 
general  purpose  op  amps,  refer  to  the  OP-02  data  sheet.  See 
the  OP-04/OP-14  data  sheet  for  duals. 


PIN  CONNECTIONS 


8  N-C. 

BAL  1 

TO-99 

-IN  2  <J  f 

r- 1^  0  6  OUT 

(J-Sufflx) 

•  IN  3^ 

4  V-  (CASE) 

SIMPLIFIED  SCHEMATIC 


+IN  O-  L  Q1 


*  R1       <  R3  <  R2 


6 

BALANCE 


6 

BALANCE 


3 


—3 

,N — 
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 |pj^^  PM-741  COMPENSATED  OPERATIONAL  AMPLIFIER  

ABSOLUTE  MAXIMUM  RATINGS  Operating  Temperature  Range 

Supply  Voltage  PM"741                                   -55°Cto  +  125°C 

PM-741  77."   ±22V  PM-741C  0°C  to  +709C 

PM-741  C  ±18V  NOTE: 

Internal  Power  Dissipation  (Note  1)                         SOOmW  1.  See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 

Differential  Input  Voltage  ±30V  

input  Voltage  Supply  Voltage  "^S^tS^  maSaSt 

Output  Short-Circult  Duration                        Indefinite  pACKAOBtype             roSo         ^E u p er AT\t RE 

Storage  Temperature  Range   -65"C  to  +150»C  T^!Fc  

Lead  Temperature  Range  (Soldering.  60  sec)    300°C        TO"B9(J>  —  7.imw/-c  

ELECTRICAL  CHARACTERISTICS  at  TA  =  25°  C,  Vs = ±  15V.  unless  otherwise  noted. 

PM-741  PM-741C 

PARAMETER  SYMBOL       CONDITIONS  MIN  TVP     MAX  MIN  TYP  MAX  UNITS 

Input  OHset  Voltage  Vqs  RsS10kn  —  —       5.0  —  —       6.0  mV 

Input  QHset  Current  Ipj  —  —      200  —  —      200  nA 

Input  Bias  Current  lg  —  —      500  —  —      500  nA 

Input  Resistance  R^  (Note  1)  0.3  —        —  0.3  —        —  MP, 

Large-Signal                                        RL>2kn,  Vo=±10V                  50,000       -       -          25,000       -       -  V/V 
Voltage  Gain  "°  ^  ~  

Supply  Current  Igy  Vqut  =  0  —        —       2.8  —        —       2.8  mA 

ELECTRICAL  CHARACTERISTICS  at -55°C<TA<-M250CforPM741.00C<TA<+700CforPM741C,  VS=±15V,  unless 
otherwise  noted. 

PM-741  PM-741C 

PARAMETER  SYMBOL       CONDITIONS  MIN  TYP     MAX  MIN  TYP  MAX  UNITS 

Input  Qlfaet  Voltage  Vqs  Rs<10kfl  —  —       6.0  —  —       7.5  mV 

Input  Offset  Current  Iqs  —  —      500  —  —      300  nA 

Input  Bias  Current  I3  —  —       1.5  —  —       0.8  <iA 

Large-Signal                                                      vo  =  ±10V                   25.000        -        -           15.000        -        -  V/V 
Voltage  Gain  vu  1  _  

„  ,                                    RL>10kn  ±12        -        -  ±12        —  — 

Output  voltage  Swing  V„  R^1>fl  ±10        -        -  ±10        -        -  V 

Input  Voltage  Range  IVR  ±12        —        —  ±12        —        —  V_ 

Common-Mode                       „. .  „  „ 
_  ,    .,     „  .                           CMRR           Vcu  =  ±10V                                       70         —         —                  70         —         —  dB 
Relectlon  Ratio  _  

Power  Supply                                                okn                                   _        _                         _  _ 
Relectlon  Ratio  _  

NOTE: 

1.  Guaranteed  by  design. 

TYPICAL  OFFSET  NULLING  CIRCUIT  TYPICAL  BURN-IN  CIRCUIT 
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pmi) 


Precision  Monolithics  Inc. 


PM-747 

DUAL  COMPENSATED 
OPERATIONAL  AMPLIFIER 


FEATURES 

•  Dual  PM-741  Internally-Compensated  Operational 
Amplifier 

•  Internal  Frequency  Compensation 

•  Low  Power  Consumption 

•  Continuous  Short-Clrcult  Protection 

•  SUicon-Nltrlde  Passivation 

ORDERING  INFORMATION! 


PACKAGE 

TA=25"C 

HERMETIC 

OPERATING 

Vos  MAX 

DIP 

TEMPERATURE 

<mV) 

14-PIN 

RANGE 

5.0 

PM747Y 

MIL 

6.0 

PM747CY 

COM 

tBurn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book,  Section  2. 


GENERAL  DESCRIPTION 

The  PMI  series  of  internally-compensated  operational  ampli- 
fiers provides  industry-standard  747  specifications.  In  addition, 
Precision  Monollthics' exclusive  Silicon-Nitride  "Triple  Passiva- 
tion" process  provides  maximum  reliability  and  long-term 
stability  of  parameters  for  lowest  overall  system  operating  cost. 

PIN  CONNECTIONS 


"»")  BALANCE  {A} 
J>]  V*  (A)' 
]D  OUT  (A» 

IDn.c. 
]3  out  tai 
j2  v.  ibi- 

jj  BALANCE  IB) 


14-PIN  DIP 
(Y-Sufflx) 


SIMPLIFIED  SCHEMATIC  (1/2  of  Circuit  Shown) 


3 


Ivs- 
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PM-747  DUAL  COMPENSATED  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS 


Supply  Voltage 

PM-747  ±22V 

PM-747C  ±18V 

Internal  Power  Dissipation  (Note  1 ) 

Y  Package    670mW 

Differential  Input  Voltage  ±30V 

Input  Voltage  Supply  Voltage 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range   -65°  C  to  + 150°  C 


Lead  Temperature  Range  (Soldering,  60  sec)   300°  C 


Operating  Temperature  Range 

PM-747    -55"Cto  +  125°C 

PM-747C  0,Cto+70,C 


NOTE: 

1 .  See  table  (or  maximum  ambient  temperature  rating  and  derating  factor. 


PACKAGE  TYPE 

MAXIMUM  AMBIENT 
TEMPERATURE 
FOR  RATING 

DERATE  ABOVE 
MAXIMUM  AMBIENT 
TEMPERATURE 

14-Pin  Hermetic  DIP  (Yl 

33°  C 

lo.omwyc 

ELECTRICAL  CHARACTERISTICS  at  TA  =  25°C.  Vs  =  ±15V,  unless  otherwise  noted. 


PM-747 

PM-747C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Ollset  Voltage 

Vos 

Rs<2Ckfi 

— 

1.0 

5.0 

1.0 

6.0 

mV 

Input  Ollset  Current 

los 

20 

200 



20 

200 

nA 

Input  Bias  Current 

Ib 

_ 

80 

500 

_ 

80 

500 

nA 

Input  Resistance 

R|N 

(Note  1) 

0.22 

2.0 

_ 

0.3 

2.0 



Mil 

Input  Capacitance 

CtN 

1  4 

1.4 

Pr 

unset  voiiage 
Adjustment  Range 

— 

±15 

— 

±15 

— 

mV 

Large-Signal 
Voltage  Gain 

Av0 

RL>2kn,V0  =  ±10V 

50 

200 

25 

200 

V/mV 

Output  Voltage  Swing 

V0 

rl>  iokn 

RL>2kn 

±12 
±10 

±14 
±13 

±12 
±10 

±14 
±13 

V 

Output  Resistance 

Ro 

75 

75 

n 

Output  Short-Circuit 
Current 

■sc 

25 

25 

mA 

Supply  Current 

ISY 

Per  Amplifier,  No  Load 

1.7 

2.8 

1.7 

2.8 

mA 

Input  Voltage  Range 

IVR 

±12 

±13 

±12 

±13 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

Rs<20k(l.  VCU  =  ±10V 

70 

90 

70 

90 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

Vs  =  ±SVto±20V 
Vs=>±5Vto±18V 

30 

150 

30 

150 

jiV/V 

Power  Consumption 

Pd 

Per  Amplifier,  No  Load 

50 

85 

50 

85 

mw 

Transient  Response, 

Risetime 

V,N  =  20mV,  RL  =  2kn 

0.3 

0.3 

IIS 

Unity  Gain 

Overshoot 

CL<100pF 

5 

5 

% 

Slew  Rate 

SR 

RL>2kfl 

0.7 

0.7 

Channel  Separation 

CS 

120 

120 

dB 

NOTE: 

1.  Guaranteed  by  input  biaa  current. 
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PMI) 


PM-747  DUAL  COMPENSATED  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  V8=±15V,-55«C<TA<  +  125*Cfor  PM-747, 0°C<TA<+70<,CforPM-747C,  unless 
otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-747 

TYP 

MAX 

MIN 

PM-747C 
TYP 

MAX 

UNITS 

Input  Ollset  Voltage 

Vos 

Rs  <  20kn 

1.0 

6.0 

1.0 

7.5 

mV 

Input  Offset  Current 

>os 

TA=  MAX 
TA=MIN 

- 

7 
85 

200 
500 

- 

7 
30 

200 
300 

nA 

Input  Bias  Current 

<e 

TA  »  MAX 
TA=MIN 

- 

0.03 
0.3 

0.5 
1.5 

- 

0.03 
0.10 

O.S 
0.6 

pA 

Output  Voltage  Swing 

Vo 

RL2  lOkfl 
RL£2kfl 

±12 
±10 

±14 
±13 

- 

±12 
±10 

±14 
±13 

- 

V 

Large-Signal 
Voltage  Gain 

Avo 

RL2  2kn.  Vo=±10V 

25 

50 

— 

15 

25 

— 

V/mV 

Input  Voltage  Range 

IVR 

±12 

±13 

±12 

±13 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

RsS20kn,  Vcm  =  ±10V 

70 

90 

70 

90 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

_     ...      Vs  =  ±5Vto±20V 
R'S20kn   vI  =  ±5VtO±18V 

30 

150 

30 

150 

fiV/V 

Supply  Current 

'SY 

TA  —  MAX  Per  Amplifier. 
TA = MIN  No  Load 

1.5 
2.0 

2.5 
3.3 

1.5 
2.0 

2.5 
3.3 

mA 

Power  Consumption 

Pd 

TA  =  MAX  Per  Amptifier, 
TAa  MIN  No  Load 

45 
60 

75 
100 

45 
60 

75 
100 

mW 

Channel  Separation 

cs 

120 

120 

dB 

BURN-IN  CIRCUIT 


TYPICAL  OFFSET  NULLING  CIRCUIT 


TYPICAL  APPLICATION 

HIGH  IMPEDANCE  DIFFERENTIAL  AMPLIFIER 


90MI 
I  /VV— 


tOttJl 

■vw- 


tOMl 
■VW- 


90ktl 
-Vv\^- 


OUTPUT 
 O 


°V2  VOU1-10(V2-V,I 
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PM-1008 


LOW-POWER,  PRECISION  EXTERNALLY-COMPENSATED 

OPERATIONAL  AMPLIFIER 


Precision  ftlonolithics  Inc. 


FEATURES 

•  Low  Supply  Current   600uA  Max 

•  Low  Offset  Voltage  120jiV  Max 

•  Low  Drift  1.5mV/"C  Max 

•  Very  Low  Bias  Current 

25X  100pAMax 

-55°Cto+T25,,C   600pAMax 

•  Low  Noise  0.5/1  Vp^Typ 

•  High  Common-Mode  Refection  114dB  Mfn 

ORDERING  INFORMATION! 


PACKAGE 

HERMETIC 

PLASTIC 

OPERATING 

vos 

TO-99 

DIP 

DIP 

TEMPERATURE 

((■V) 

8-PIN 

8-PIN 

B-PIN 

RANGE 

120 

PM1008AJ- 

PM1O08AZ' 

MIL 

120 

PM1008GJ 

PM1O08GZ 

PM1008GP 

COM 

'For  devices  processed  in  lotal  compliance  to  MIL-STD-S83,  add  /683  alter 
part  number.  Consult  factory  for  6B3  data  sheet. 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdfp.  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1986 
Dala  Book,  Section  2. 

GENERAL  DESCRIPTION 

The  PM-1008  is  a  general-purpose,  externally-compensated 
precision  operational  amplifier.  AC  performance  of  the  PM-1008 
matches  that  of  108A/308A  type  amplifiers,  while  DC  precision 
is  greatly  improved.  Exceptionally  low  bias  currents  of  only 


miliary  ter 

with  low  noise  of  only  17nV/\/Hz  at  10Hz.  The  PM-1008's  low 
offset  voltage  of  120/iV  maximum  frees  the  user  from  external 
nulling  in  most  circuits. 

An  open-loop  gain  of  two  million  into  a  10kn  load  ensures  that 
excellent  linearity  is  maintained  even  in  high-gain  configura- 
tions, and  5mA  of  output  current  allows  2kfl  loads  to  be  driven 
with  an  open-loop  gain  of  600V/mV.  High  gain  and  132dB  of 
common-mode  rejection  and  power-supply  rejection  eliminates 
the  need  for  many  tedious  error  calculations. 

External  frequency  compensation  allows  the  PM-1008's  AC 
response  to  be  optimized  for  each  application.  The  PM-1008  will 

PIN  CONNECTIONS 


EPOXY  MINI-DIP 
(P-Suffix) 
8-PIN  HERMETIC  DIP 
(Z-Suffix) 


TO-99 
(J-Suffix) 


SIMPLIFIED  SCHEMATIC 


CMP(1}  O   O  CMP(t) 


0  0© 


5 


© 
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directly  upgrade  108A/308A  and  OP-08  sockets  without  modi- 
fying compensation.  Compensation  is  usually  achieved  with  a 
single  capacitor,  although  more  complex  schemes  may  be  used 
to  further  tailor  the  amplifier's  response  for  a  particular  circuit. 

For  an  internally  compensated  unity-gain  stable  amplifier  with 
improved  DC  precision,  see  the  OP-97  data  sheet. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  ±20V 

Internal  Power  Dissipation  (Note  2)  SOOmW 

Input  Voltage  (Note  3)  ±20V 

Differential  Input  Voltage  (Note  4)  ±1V 

Differential  Input  Current  (Note  4)  ±10mA 

Output  Short-Circuit  Duration   Indefinite 

Operating  Temperature  Range 

PM1008A  (J,  Z)  -65°C  to  +125°C 

PM1008G  (J,  Z,  P)  0°C  to  70°C 


Storage  Temperature  Range  -65°C  to  150°C 

Junction  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec)  300°C 

NOTES: 

1.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  See  table  for  maximum  ambient  temperature  and  rating. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

PACKAGE 

TEMPERATURE 

MAXIMUM  AMBIENT 

TYPE 

FOR  RATING 

TEMPERATURE 

TO-99  (J) 

80°C 

7.lmW/*C 

S-PIn  Hermetic  DIP  (Z) 

7S°C 

6.7mW/°C 

S-Pin  Plastic  DIP  (P) 

62°C 

5.6mW/*C 

3.  For  supply  voltages  less  than  ±20V.  the  absolute  maximum  input  voltage  Is 
equal  to  the  supply  voltage. 

4.  The  PM-1008's  inputs  are  protected  by  back-to-back  diodes.  Current- 
limiting  resistors  are  not  used  in  order  to  achieve  low  noise.  Differential 
input  voltages  greater  than  IVwill  cause  excessive  current  to  Now  through 
the  Input  protection  diodes  unless  limiting  resistance  is  used. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  VCM  =  0V,  CF  =  30pF,  TA  =  25°C  unless  otherwise  noted. 


PM-1G08A 

PM-1008G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset 

- 

30 

120 

30 

120 

pV 

voltage 

Vos 

(Notet) 

40 

180 



40 

180 

Long-Term 
Vqs  Stability 

AVos/Time 

- 

0.3 

- 

- 

0.3 

- 

iiV/month 

Input  Offset 

— 

30 

100 

— 

30 

100 

nA 
p« 

Current 

05 

(Note  1) 

— 

40 

150 

— 

40 

150 

Input  Bias 

±30 

±100 

±30 

±100 

pA 

Current 

'b 

(Note  1) 

±40 

±150 

±40 

±150 

Input  Noise 
Voltage 

en„ 

0.1Hz  to  10Hz 

0.5 

0.5 

eV„ 

Input  Noise 

fo  =  10Hz(Note3) 

17 

30 

17 

30 

nVA/Hz 

Voltage  Density 

e„ 

f0  =  1000Hz  (Note  4) 

14 

22 

14 

22 

Input  Noise 
Current  Density 

In 

fD  =  10Hz 

20 

20 

fAA/Hz 

Large-Signal 

V0  =  ±12V;  RL  =  10kft 

200 

2000 

200 

2000 

V/mV 

Voltage  Gain 

Avo 

V0  =  ±10V;RL  =  2kn 

120 

600 

120 

600 

Common-Mode 
Rejection 

CMR 

VCM  =  ±13.5V 

114 

132 

114 

132 

dB 

Power-Supply 
Re|ection 

PSR 

Vs  =  ±2V  to  ±20V 

114 

132 

114 

132 

dB 

Input  voltage 
Range 

IVR 

(Note  2) 

±13.5 

±14.0 

±13.5 

±14.0 

V 

Output  Voltage 
Swing 

v0 

RL  =  10kn 

±13 

±14 

±13 

±14 

V 

Slew  Rate 

SR 

0.1 

0.2 

0.1 

0.2 

V/»s 

Full-Power 
Bandwidth 

BWP 

3 

3 

kHz 

Gain-Bandwidth 
Product 

GBW 

Av  =  100 

0.5 

0.5 

MHz 

Supply  Current 

'sv 

(Note  1) 

380 

600 

380 

600 

(•A 

Supply  Voltage 

vs 

Operating  Range 

±2 

±15 

±20 

±2 

±15 

±20 

V 

NOTES: 

1.  These  specifications  apply  for  ±2V  <  Vs 
and  -  13.5V  <  VCM  <  +  13.SV  (for  Vs  =  ±  15V). 

2.  Guaranteed  by  CMR  test. 


3 

I— ( 

_) 


i 

o 

§ 

ui 
c 

O 


3.  10Hz  noise  voltage  density  is  sample  tested.  Devices  100%  tested  for  noise 
are  available  on  request. 

4.  Sample  tested. 
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ELECTRICAL  CHARACTERISTICS  at  Vs=±15V.VCM=0V,CF=30pF,0°C<TA<70oC  for  the  PM1008G  and— 55°C<TA<125°C 
for  the  PM-1008A,  unless  otherwise  noted. 


PM-1008A 

PM-1008G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

tnput  0  If  set 

Vos 

— 

50 

250 

— 

40 

180 

fV 

Voltage 

(Note  1) 

60 

320 

50 

250 

Average  Temperature 
Coefficient  of  Vos 

TCV0S 

0.2 

1.5 

0.2 

1.5 

nWC 

Input  Olfset 

— 

60 

250 

— 

40 

180 

pA 

Current 

(Note  1) 

80 

350 

50 

250 

Average  Temperature 
Coefficient  ol  Iqj 

TCIos 

0.4 

2.5 

0.4 

2.5 

pA/°C 

Input  Bias 

— 

±80 

±600 

— 

±40 

±180 

pA 

Current 

>b 

(Note  1) 

±150 

±800 

±50 

±250 

Average  Temperature 
Coefficient  ol  lB 

TCIB 

0.6 

6.0 

0.4 

2.5 

pA/»C 

Large-Signal 
Voltage  Gain 

AvO 

Vo  =  ±12V;Rt  =  10kn 

100 

1000 

150 

1500 

V/mV 

Common-Mode 
Rejection 

CMR 

VCM  =  ±  13.5V 

108 

128 

- 

110 

130 

- 

dB 

Power-Supply 
Rejection 

PSR 

V8  =  ±2.5V  to  ±20V 

108 

126 

110 

128 

dB 

Input  Voltage 
Range 

IVR 

(Note  2) 

±13.5 

±14.0 

±13.5 

±14.0 

V 

Output  voltage 
Swing 

v0 

RL  =  10kn 

±13 

±14 

±13 

±14 

V 

Slew  Rate 

SR 

0.05 

0.15 

0.05 

0.15 

V/ps 

Supply  Current 

(Note  1) 

400 

800 

400 

800 

*A 

Supply  Voltage 

vs 

Operating  Range 

±2.5 

±15 

±20 

±2.5 

±15 

±20 

V 

NOTES: 

1.  These  specifications  apply  lor  ±2.5V  S  Vs  <  ±20V 
and  -13.5V  <  VCM  <  +13.5V  (tor  Vs  =  ±15V). 

2.  Guaranteed  by  CMR  test. 


BURN-IN  CIRCUIT 


+J0V 
Q 

iomi 
I  W.  
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DICE  CHARACTERISTICS 


DIE  SIZE  0.054  X  0.074  Inch,  3996  sq.  mils 
(1.37  X  1.68  mm,  2.S8  sq.  mm) 


1.  COMPENSATION 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  V- 

6.  OUTPUT 

7.  V+ 

8.  COMPENSATION 

For  additional  DICE  ordering  Information,  reler 
to  1986  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs  =  ±15V,  VCM  =  0V,  CF  =  30pF,  TA  = 

2S°C  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

PM-1008N 

LIMIT 

UNITS 

Input  Offset 
Voltage 

.  Vos 

(Note  1) 

120 
180 

(iVMAX 

Input  Offset 
Current 

'os 

(Note  1) 

100 
150 

pA  MAX 

Input  Bias 
Current 

>e 

(Note  1) 

±100 
±150 

pA  MAX 

Large-Signal 
Voltage  Gain 

Ave 

V0UT  =  ±12V.  RL  =  10kfl 
VOUT  =  ±10V.  RL  =  2kn 

200 
120 

V/mV  MIN 

Common-Mode 
Rejection 

CMR 

VCM  =  ±13.5V 

114 

dBMIN 

Power-Supply 
Rejection 

PSR 

Vs  =  ±2Vto±20V 

114 

dB  MIN 

Input-Voltage 
Range 

IVR 

(Note  2) 

±13.5 

VMIN 

Output  Voltage 
Swing 

Vo 

RL=  10kO 

±13 

VMIN 

Slew  Rate 

SR 

0.1 

V/^s MIN 

Supply  Current 

'sv 

No  Load 

600 

nAMAX 

NOTES: 

1.  These  specifications  apply  for  ±2V  £  Vs  <  ±20V  and 
-13.SV  <  Vc  < +13.SV  (for  Vs  =  ±15V). 

2.  Guaranteed  by  CMR  test. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Dueto  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  Is  not  guaranteed 
for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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O 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


INPUT  BIAS,  OFFSET 
CURRENT  vs  TEMPERATURE 


1  30 

£ 

M 

ft 

§  ° 

u 

|  -ffl 

-40 


— 1 — 1 — 

v,-±ov 

Vc-OV 

r  J 

k 

INPUT  BIAS,  OFFSET 
CURRENT  vs 
COMMON-MODE  VOLTAGE 


 1 

TA-s 

1 

s'C 

1SV 

=>-c 

»•(» 

INPUT  OFFSET  VOLTAGE 
WARM-UP  DRIFT 


M  14 


C 
3 

O 

£  12 
X 

o 

I 

S  ±1 


I  1  

T,-»*C 
V, -1UV 

v~-av 

.  J  PACK 
•  iPPA 

AQE 

:kaoes 

-75    -SO    -23      0      25     SO     T5  100 
TEMPERATURE  fC) 


-»  -9  0  S  10  15 
COMMON-MODE  VOLTAGE  (VOLTS) 


1  2  3  4  0 

TIME  AFTER  POWER  APPLIED  (MINUTES) 


EFFECTIVE  OFFSET  VOLTAGE 
vs  SOURCE  RESISTANCE 


^BALANCED  OR  UNBALANCED— 

:v,=±i5v; 

-T,  =  25'C- 


1k         Uk         100k        1M         10M  100M 
SOURCE  RESISTANCE  (II) 


EFFECTIVE  TCVosVS 
SOURCE  RESISTANCE 


fc 

s 

S  10 


:balan 
:v,»±i 
■  vc«  -  o 

CEO  OR  U 

NBALAN 

ZiDZ= 

iV — — 1 

V   

-MAXIM 

IM  

■  ttpic; 

L 

10*         100k        1M  10M 
SOURCE  RESISTANCE  (D) 


g  m 


SUPPLY  CURRENT  vs 
SUPPLY  VOLTAGE 


NO  LOAD 

I  

TA-+125 

•c 

-  T,  -  +JS,C  

Ta"-ST 

a         ±u  lis 

SUPPLY  VOLTAGE  (VOLTS) 


NOISE  DENSITY  TOTAL  NOISE  DENSITY  vs  OPEN-LOOP  GAIN 

vs  FREQUENCY  SOURCE  RESISTANCE  vs  LOAD  RESISTANCE 


FREQUENCY  (Hz)  SOURCE  RESISTANCE  (O)  LOAD  RESISTANCE  (Ml) 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


OPEN-LOOP  GAIN,  PHASE  TOTAL  HARMONIC  g 

vs  FREQUENCY  SLEW  RATE  vs  DISTORTION  PLUS  NOISE  vs  £J 

(STD.  COMPENSATION)  COMPENSATION  FREQUENCY  M- 


meOUENCV  (Ht)  COMPENSATION  CAPACITOR  (pF)  FREQUENCY  (Hi) 


OPEN-LOOP  GAIN,  PHASE 

vs  FREQUENCY  GAIN-BANDWIDTH  PRODUCT  SHORT-CIRCUIT  CURRENT 

(ALT.  COMPENSATION)  vs  COMPENSATION  vs  TIME,  TEMPERATURE 


FREQUENCY  (Hz)  COMPENSATION  CAPACITOR  (pF)  TIME  FRDM  OUTPUT  SHORT  (MINUTES) 
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APPLICATIONS  INFORMATION 

The  PM-1008  is  an  externally  compensated  amplifier  for  use  in 
circuits  where  precision  is  critical,  yet  power  dissipation  must 
be  minimized.  An  upgrade  to  the  OP-08  and  108A  type 
amplifiers,  the  PM-1008  offers  exceptional  performance  for  a 
low-power  amplifier.  Its  wide  supply  range  coupled  with  mini- 
mal current  drain  makes  it  an  excellent  choice  for  battery- 
powered  and  portable  instruments.  External  compensation 
allows  the  maximum  bandwidth  to  be  achieved  with  any  given 
gain. 

Input  bias  and  offset  currents  remain  extremely  low  over  the  full 
military  temperature  range,  and  make  the  PM-1008  attractive  in 
a  variety  of  logging  circuits  and  peak  detectors.  Balancing  of 
input  resistances  is  not  necessary  with  the  PM-1008.  Offset 
voltageand  TCV0sare  degraded  only  minimally  by  high  source 
resistance,  even  when  unbalanced. 

The  input  pins  of  the  PM-1008  are  protected  against  large 
differential  voltages  by  back-to-back  diodes.  To  preserve  low- 
noise  performance,  current  limiting  resistors  are  not  used  in  the 
inputs.  If  differential  voltages  above  ±1V  are  expected  at  the 
inputs,  series  resistors  must  be  used  to  limit  the  current  flow  to  a 
maximum  of  10mA.  Common-mode  voltages  at  the  inputs  are 
not  restricted  and  may  vary  over  the  full  range  of  the  supply 
voltages  used. 

The  PM-1008  requires  very  little  operating  headroom  about  the 
supply  rails  and  is  specified  for  operation  with  supplies  as  low 
as  ±2V.  Typically,  the  common-mode  range  extends  to  within 
one  volt  of  either  rail.  The  output  typically  swings  to  within  one 
volt  of  the  rails  when  driving  a  10k!)  load. 

FREQUENCY  COMPENSATION 

A  high  degree  of  flexibility  in  shaping  the  AC  response  of  the 
amplifier  to  specific  applications  is  achieved  with  two  compen- 
sation pins.  Compensation  usually  consists  of  a  single  capacitor 
and  is  achieved  using  the  same  circuits  as  the  OP-08  or  108A 
type  amplifiers.  The  PM-1008  will  directly  upgrade  these  sockets 
to  obtain  increased  DC  precision  with  similar  AC  performance. 

Standard  compensation  using  the  circuit  of  Figure  1  introduces 
feedback  in  the  second  stage.  The  feedback  capacitor  must  be 
greater  than  (R1  x30pF)/(R1  +  R2)  to  ensure  stability.  Figure  2 
shows  the  large-signal  and  small-signal  response  of  the  PM-1008 
using  standard  compensation. 


FIGURE  1:  Standard  Frequency  Compensation 


FIGURE  2:  Standard  Compensation  Transient  Response 
(CF  =  30pF,  AVCL  =  +1)  _ 
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FIGURE  6:  Inverter  Feedforward  Transient  Response 


FIGURE  8:  Follower  Feedforward  Transient  Response 


FIGURE  7:  Follower  Feedforward  Compensation 


GUARDING  AND  SHIELDING 

To  maintain  the  extremely  high  input  impedances  of  the  PM- 
1008,  care  must  be  taken  in  circuit  board  layout  and  manufac- 
turing. Board  surfaces  must  be  kept  scrupulously  clean  and 
free  of  moisture.  Conformal  coating  is  recommended  to  provide 
a  humidity  barrier.  Even  a  clean  PC  board  can  have  100pA  of 
leakage  currents  between  adjacent  traces,  so  that  guard  rings 
should  be  used  around  the  inputs.  Guard  traces  are  operated  at 
a  voltage  close  to  that  on  the  inputs,  so  that  leakage  currents 
become  minimal.  In  noninverting  applications,  the  guard  ring 
should  be  connected  to  the  common-mode  voltage  at  the 
inverting  input  (pin  2).  In  inverting  applications,  both  inputs 
remain  at  ground,  so  that  the  guard  trace  should  be  grounded. 
Guard  traces  should  be  made  on  both  sides  of  the  circuit  board. 


FIGURE  9:  Guard  Ring  Layout  and  Connections 
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High  impedance  circuitry  is  extremely  susceptible  to  RF 
pickup,  line-frequency  hum  and  radiated  noise  from  switching 
power-supplies.  Enclosing  sensitive  analog  sections  within 
grounded  shields  is  generally  necessary  to  prevent  excessive 
noise  pickup.  Twisted-pair  cable  will  aid  in  rejection  of  line- 
frequency  hum. 

The  circuit  of  Figure  10  multiplies  capacitor  values  by  a  factor  of 
(R1/R3).  Equivalent  leakage  of  the  capacitance  multiplier  is 
much  smaller  than  that  available  with  extremely  large  capaci- 
tors. The  equivalent  leakage  current  is  determined  by  the  offset 
voltage  and  offset  currents  of  the  amplifier  used,  both  of  which 
are  quite  low  with  the  PM-1008,  even  over  temperature.  The 
equivalent  series  resistance  of  the  multiplied  capacitor  is  R3, 
which  prevents  the  circuit  from  generated  high-Q  capacitances. 
In  timing  circuits  where  a  series  resistance  is  connected  with  the 
capacitor,  R3  should  be  considered  a  part  of  that  resistance. 

FIGURE  10:  Capacitance  Multiplier 


FIGURE  12:  Zero-Crossing  Detector 
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lt  =  (Rt/BJ)  x  (v0>  +  lotl 


FIGURE  11:  Photodiode  Amplifier 


Figure  11  shows  an  amplifier  for  photodiodes.  The  diode  is 
operated  with  only  the  V0s  of  the  amplifier  as  bias.  Thus,  the 
diode's  leakage  currents  remain  minimal  even  at  high  tempera- 
tures. The  capacitor  in  the  feedback  loop  acts  to  prevent  gain 
peaking  at  high  frequencies  due  to  the  diode  capacitance. 

The  output  swing  of  the  PM-1008  may  be  clamped  to  specific 
levels  using  pin  8.  The  zero-crossing  detector  of  Figure  12  uses 
a  zener  diode  to  clamp  the  maximum  positive  swing  to 
approximately  5V,  and  the  maximum  negative  swing  to  the 
forward-biased  voltage  drop  across  the  diode.  R!N  limits  the 
current-flow  through  the  protection  diodes  for  voltage  excur- 
sions beyond  ±1 V.  With  RtN  =  1  Mn,  the  circuit  will  tolerate  as 
much  as  1kV  at  the  input. 

The  logarithmic  amplifier  in  Figure  13  eliminates  thermal  drift 
caused  by  temperature  dependencies  of  the  logging  transistors 
by  maintaining  a  monolithic  quad  matched  transistor  at  a 
predetermined  temperature.  The  MAT-04  has  four  transistors 
laid-out  at  the  corners  of  a  square  die.  Two  transistors  across  a 
diagonal  are  used  for  logging  elements.  One  of  the  remaining 
transistors  is  used  as  a  heater  to  maintain  a  constant  chip 
temperature,  and  the  remaining  transistor,  diagonally  opposite 
to  the  heater,  is  used  as  a  temperature  sensor. 

The  OP-90  servo  amplifier  uses  thermal  feedback  to  set  the 
temperature  of  the  MAT-04  die.  The  base-to-emitter  voltage  of 
Q2  is  maintained  at  the  level  set  by  the  resistive  divider  from  the 
REF-01,  by  controlling  the  current  flowing  though  Q4.  Although 
Q4  may  operate  beyond  the  MAT-04's  rated  levels,  this  does  not 
degrade  operation  since  the  characteristics  of  the  heater 
transitor  are  non-critical.  For  best  thermal  regulation,  the  MAT- 
04  package  should  be  encased  in  insulation.  Urethane  foam 
used  for  housing  insulation  is  excellent  for  this  purpose. 

Gain  is  trimmed  using  the  2kfi  potentiometer.  The  zero- 
crossing  point  is  adjusted  by  changing  the  value  of  RREF-  Input 
scaling  may  be  changed  by  varying  resistor  RIN. 
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Precision  Monolithic*;  Inc. 


PM-1012 

LOW-POWER,  PRECISION 
OPERATIONAL  AMPLIFIER 


FEATURES 

•  Low  Supply  Current   600pA  Max 

•  Wary  Low  Offset  35jiV  Max 

•  Low  Drift  1.5MV/°C  Max 

•  Very  Low  Bias  Current 

25"C  100pAMax 

-SS'C  to  +125°C   250pA  Max 

•  Low  Noise  0.5/iVp.pTVp 

•  High  Common-Mode  Rejection  114dB  Min 

ORDERING  INFORMATION  t 

PACKAGE 

HERMETIC       PLASTIC  OPERATING 

Vos             TO-99              DIP                DIP  TEMPERATURE 

fjiV)  8-PIN  B-PIN  8-PIN  RANGE 

35  PM1012AJ'      PM1012AZ'  —  MIL 

50  PM1012GJ       PM1012GZ        PM10I2GP  COM 

Conlact  factory  lor  SOIC  (PM1012S)  specifications  and  availability. 

'For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /S83  alter 
part  number.  Consult  factory  for  883  data  sheet. 

t  Burn-In  Is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book.  Section  2. 

GENERAL  DESCRIPTION 

The  PM-1012  is  a  general-purpose,  precision  operational 
amplifier.  Offering  several  performance  enhancements  over 


industry-standard  precision  op  amps  such  as  the  OP-07,  the 
PM-1012  requires  less  than  1/6  the  supply  current.  These 
enhancements  include  exceptionally  low  bias  currents  of  only 
±80pA,  typical,  over  the  full  military  temperature  range  and 
132dB  of  common-mode  rejection  and  power-supply  rejec- 
tion. The  PM-1012's  low  offset  voltage  of  35mV  maximum  frees 
the  user  from  external  nulling  in  most  circuits. 

An  open-loop  gain  of  two  million  into  a  10kft  load  ensures  that 
excellent  linearity  is  maintained  even  in  high-gain  configura- 
tions, and  5mA  of  output  current  allows  2kfi  loads  to  bedriven 

PIN  CONNECTIONS 


EPOXY  MINI-DIP 
(P-Suffix) 

8-PIN  HERMETIC  DIP 
(Z-Suffix) 

EPOXY  SOIC 
(S-Suffix) 


TO-99 
(J-Suffix) 


SIMPLIFIED  SCHEMATIC 


NULL  (1) 
O 


0 


1 —  ^7 


0> 


T 

I 


0  0  0 


0 


> 


< 
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with  an  open-loop  gain  of  one  million.  The  PM-1012  offers  low 
noise,  especially  for  a  low-power  amplifier — only  17n  W  vTHz~ 
at  10Hz.  Exceptionally  low  current-noise  minimizes  noise 
contributions  when  high  source  impedances  are  used.  The 
PM-1012  may  be  overcompensated  using  pin  S  to  limit  the 
amplifier's  bandwidth,  further  reducing  system  noise  and 
increasing  stability  with  large  capacitive  loads. 

The  PM-1012  conforms  to  the  OP-07  pinout  with  nulling 
through  pins  1  and  8  to  the  positive  supply.  It  offers  an 
upgrade  to  the  OP-07  in  sockets  where  reduced  power  dissi- 
pation or  low  bias  currents  are  attractive.  It  may  also  be  used 
as  an  upgrade  from  the  OP-12,  OP-05  and  725  type  op  amps. 
The  PM-1012  may  replace  741  type  op  amps  by  removing  the 
nulling  potentiometer,  if  used.  For  an  externally  compensated 
amplifier  sharing  many  of  the  PM-1012's  precision  specifica- 
tions, see  the  PM-1008  data  sheet. 


Output  Short-Circuit  Duration  Indefinite 

Operating  Temperature  Range- 

PM-1012A  (J,  Z)  -55°C  to  +125aC 

PM-1012G  (J,  Z,  P)   0°C  to  70°C 

Storage  Temperature  Range  -65"C  to  150"C 

Junction  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec)  300°C 

NOTES: 


1.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  See  table  for  maximum  ambient  temperature  and  rating. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

PACKAGE 

TEMPERATURE 

MAXIMUM  AMBIENT 

TYPE 

FOR  RATING 

TEMPERATURE 

TO-99  (J) 

80*C 

7.1mW/»C 

8-Pin  Hermetic  DIP  (Z) 

7S°C 

6.7mW/°C 

3-Pin  Plastic  DIP  (P) 

62"C 

5.6mW/°C 

3.  For  supply  voltages  less  than  ±20V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

4.  The  PM-1012's  inputs  are  protected  by  back-to-back  diodes.  Current- 
limiting  resistors  are  not  used  in  order  to  achieve  low  noise.  Differential 
input  voltages  greater  than  IV  will  cause  excessive  current  to  flow  through 
the  input  protection  diodes  unless  limiting  resistance  is  used. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 


Supply  Voltage  +20V 

Internal  Power  Dissipation  (Note  2)   5C0mW 

Input  Voltage  (Note  3)  ±20V 

Differential  Input  Voltage  (Note  4)  ±1 V 

Differential  Input  Current  (Note  4)  ±l0mA 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  +15V,  VCM  =  0V,  TA  =  25°C  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-1012A 
TYP 

MAX 

MIN 

PM-1012G 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

(Note  1) 

8 
20 

35 
90 

10 
25 

50 
120 

fV 

Long-Term 
Vos  Stability 

AVos/Time 

0.3 

0.3 

pV/month 

Input  Offset  Current 

I  OS 

(Note  1) 

15 
25 

100 
150 

20 
30 

150 
200 

PA 

Input  Bias  Current 

>B 

(Note  1) 

±25 
±35 

±100 
±150 

±30 
±40 

±150 
±200 

pA 

Input  Noise  Voltage 

e„p-i> 

0.1  H2  to  10Hz 

0.5 

0.5 

"Vp-p 

Input  Noise 
Voltage  Density 

e„ 

f0  =  10Hz  (Note  3) 
fo=1000HZ  (Note  4) 

17 
14 

30 
22 

17 
14 

30 
22 

nV/v^Hz" 

Input  Noise 
Current  Density 

>N 

f0  =  10Hz 

20 

20 

Large-Signal 
Voltage  Gain 

Avo 

Vo  =  ±l2V;RL=10kfl 
Vo=±10V;  RL=2kfl 

300 
200 

2000 
1000 

200 
120 

2000 
1000 

V/mV 

Common-Mode  Rejection 

CMR 

VCM  =  ±  13.5V 

114 

132 

110 

132 

as 

Power-Supply  Rejection 

PSR 

Vs=±2Vto±20V 

114 

132 

110 

132 

as 

Input  Voltage  Range 

IVR 

(Note  2) 

±13.5 

±14.0 

±13.5 

±M.O 

V 

Output  Voltage  Swing 

Vo 

RL=  lOkfl 

±13 

±14 

±13 

±14 

V 

Slew  Rate 

SR 

0.1 

0.2 

0.1 

0.2 

V/jlS 

Full-Power  Bandwidth 

BWP 

3 

3 

kHz 

Gain-Bandwidth  Product 

GBW 

Av=100 

0.5 

0.5 

MHz 

Supply  Current 

<SY 

(Note  1) 

380 

600 

380 

600 

«A 

Supply  Voltage 

Vs 

Operating  Range 

±2 

±15 

±20 

+2 

±15 

±20 

V 

NOTES: 

1.  These  specifications  apply  for  ±2V  s  V8  £  ±20Vand  3.  lOHznoisevoltagedensityissampfetested.DeviceslOOtttestedfornoise 
-13.5V  <  VCM  <  +  13.5V  (tor  Vs  =  ±  15V).  are  available  on  request. 

2.  Guaranteed  by  CMR  test.  4.  Sample  Tested. 
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ELECTRICAL  CHARACTERISTICS  at  Vs = ±  15V,  VCM= OV,  0°C  <  TA<  70°C  for  the  PM-1012G  and  -55"C  <  TA  <  125°C  for  the 
PM-1012A,  unless  otherwise  noted. 


PM-1012A 

PM-1012G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  OHset  Voltage 

Vos 

(Note  t) 

- 

30 
40 

180 
250 

: 

20 
30 

120 
200 

/iV 

Average  Temperature 
Coefficient  ol  Vos 

TCV0S 

0.2 

1.5 

0.2 

1.5 

(iV/'C 

Input  Offset  Current 

■os 

(Note  1) 

- 

30 
70 

250 
350 

- 

20 
40 

230 
300 

PA 

Average  Temperature 
Coefficient  of  l0s 

TCIos 

- 

0.3 

2.5 

- 

0.3 

2.5 

pA/"C 

Input  Bias  Current 

•b 

(Note  1) 

_ 

- 

±50 
±80 

±250 
±350 

_ 
- 

±35 
±50 

±230 
±300 

PA 

Average  Temperature 
Coefficient  of  lB 

TCIb 

0.3 

2.5 

0.3 

2.5 

pA/°C 

Large-Signal 

Av0 

V0  =  ±  12V;  RL  =  lOktl 

150 

1000 

150 

1500 

V/mV 

Voltage  Gain 

Vo=±10V;  RL  =  2k(l 

100 

600 

100 

600 

Common-Mode  Rejection 

CMR 

Vc„  =  ±  13.5V 

10S 

128 

108 

130 

dB 

Power-Supply  Rejection 

PSR 

Vs  =  ±2.SVto±20V 

108 

126 

108 

128 

dB 

Input  Voltage  Range 

IVR 

(Note  2) 

±13.5 

±14.0 

±13.5 

±14.0 

V 

Output  Voltage  Swing 

v0 

RL=10k(l 

±13 

±14 

±13 

±14 

V 

Slew  Rate 

SR 

0.05 

0.15 

0.05 

0.15 

V/fjs 

Supply  Current 

ISY 

(Notet) 

400 

800 

400 

800 

jiA 

Supply  Voltage 

VS 

Operating  Range 

±2.5 

±15 

±20 

±2.5 

±15 

±20 

V 

NOTES: 

1.  These  specifications  apply  for  ±2.5V  <  Vs  <  ±20Vand 
-13.5V  <  VCM  <+ 13.5V  (for  Vs  =  ±  15V). 

2.  Guaranteed  by  CMR  test. 


BURN-IN  CIRCUIT 


+20V 
O 

wen 
i — vw  
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DICE  CHARACTERISTICS 


1.  NULL 

2.  INVERTING  INPUT 

3.  NONINVERTING  INPUT 

4.  V- 

5.  OVERCOMPENSATION 

6.  OUTPUT 

7.  V+ 

8.  NULL 

For  additional  DICE  ordering  information,  refer 
to  1988  Data  Book,  Section  2. 

DIE  SIZE  0.063  X  0.074  inch,  4662  sq.  mils 
(1.60  X  1.88  mm,  3.01  sq.  mm) 


WAFER  TEST  LIMITS  at  Vs  = 

±15V,VCM  =  0V,TA 

=  25°C,  unless  otherwise  noted. 

PM-1012N 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

(NoloD 
(Note  2) 

250 
300 

liV  MAX 

Input  Offset  Current 

'os 

(Note  2) 

150 
200 

pA  MAX 

Input  Bias  Current 

'b 

(Note  2) 

+  150 
±200 

pA  MAX 

Large-Signal 
Voltage  Gain 

*vo 

VOUT=±12V.  RL=10kIl 
VOUT=±10V.  RL=2kll 

200 
120 

V/mV  MIN 

Common-Mode  Rejection 

CMR 

Vc„  =  ±  13.5V 

110 

dB  MIN 

Power-Supply  Rejection 

PSR 

Vs  =  +2Vto±20V 

110 

dB  MIN 

Input  Voltage  Range 

IVR 

(Note  3) 

±13.5 

VMIN 

Output  Voltage  Swing 

v0 

RL=  10kfl 

±13 

VMIN 

Slew  Rate 

SR 

0.1 

V/ps  MIN 

Supply  Current 

'SY 

No  Load 

600 

pAMAX 

NOTES: 

1.  Final  offset  trims  are  not  performed  on  dice.  These  trims  are  typically 
performed  after  packaging.  Precision  Monolithics  Inc.  assumes  no  res- 
ponsibility lor  improper  trimming  by  the  customer.  Contact  factory  for  trim 
methods. 

2.  These  specifications  apply  lor  ±2V  <  Vs  <  ± 20V  and 
-13.5V  <  Vcu  <+l3.5V(forVs=±15V). 

3.  Guaranteed  by  CMR  test. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Oue  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


TYPICAL  DISTRIBUTION 
OF  INPUT  OFFSET  VOLTAGE 


-20         o  20 

INPUT  OFFSET  VOLTAGE  |»V) 


TYPICAL  DISTRIBUTION 
OF  INPUT  BIAS  CURRENT 


 1 

1*20  UNIT 

s 

1 

v,  »  ±tsv 

Vcm-OV 

ml 

TYPICAL  DISTRIBUTION 
OF  INPUT  OFFSET  CURRENT 


T,  -  25'C 
.Vcm-OV 


INPUT  BIAS  CURRENT  (pA) 


-40       -20        0         20  40 
INPUT  OFFSET  CURRENT  IpA) 


INPUT  BIAS,  OFFSET 
CURRENT  vs  TEMPERATURE 


1  1 

V,-1UV 
Vc-OV 

r J 

i+ 

-78    -50    -25     0      25     50     75     100  125 
TEMPERATURE  (*C) 


INPUT  BIAS,  OFFSET 
CURRENT  vs 
COMMON-MODE  VOLTAGE 


1 

T.-25-C 
V5-t1SV 

> 

.Jo» 

INPUT  OFFSET  VOLTAGE 
WARM-UP  DRIFT 


1 

Ta-25'C 
V,  -  I15V 
V~.  -  OV 

, J  PACK 
.  Z.PPA 

AGE 

:kages 

-15       -10       -5         0          5  10 
COMMON-MODE  VOLTAGE  (VOLTS) 


TIME  AFTER  POWER  APPLIEO  (MINUTES) 


EFFECTIVE  OFFSET  VOLTAGE  EFFECTIVE  TCV0S  vs  SHORT  CIRCUIT  CURRENT 

vs  SOURCE  RESISTANCE  SOURCE  RESISTANCE  vs  TIME,  TEMPERATURE 


SOURCE  RESISTANCE  (fl)  SOURCE  RESISTANCE  HI)  TIME  FROM  OUTPUT  SHORT  (MINUTE8) 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


SUPPLY  CURRENT  vs 
SUPPLY  VOLTAGE 


COMMON-MODE  REJECTION 
vs  FREQUENCY 


■ 

NO  LOAD 

■ 

T.-+125 

■C 

-T»-+2r 

C  

T.--55- 

c 

;$  ±10  »15 

SUPPLY  VOLTAGE  (VOLTS) 


 1  

TA  -  25'C 
V,  -  :15V 

Vcu- 

iiov 

POWER-SUPPLY  REJECTION 
vs  FREQUENCY 


FREQUENCY  (Ht) 


FREQUENCY  (Hi) 


OPEN-LOOP  GAIN  NOISE  DENSITY  TOTAL  NOISE  DENSITY 

vs  LOAD  RESISTANCE  vs  FREQUENCY  vs  SOURCE  RESISTANCE 


LOAD  RESISTANCE  (kll)  FREQUENCY  (Hz)  SOURCE  RESISTANCE  (0) 


MAXIMUM  OUTPUT  SWING  MAXIMUM  OUTPUT  SWING 

OPEN-LOOP  GAIN  LINEARITY  vs  LOAD  RESISTANCE  vs  FREQUENCY 


-15       -tO        -5         0         S         10         15  10  100  Ik  Ut  100  ™  ™*  <00k 

OUTPUT  VOLTAGE  (VOLTS)  LOAO  RESISTANCE  (n)  FREQUENCY  (Hz) 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


OPEN-LOOP  GAIN, 
PHASE  vs  FREQUENCY 
(COc=0pF) 


tOJk  100k 
FREQUENCY  (Hi) 


TOTAL  HARMONIC 
DISTORTION 
PLUS  NOISE  vs  FREQUENCY 


— 1  1  1  Mill 

:ta-25'C 
_Y»«±1SV 

.nL-w»n 

"  V  >1VRU 

\ 

) 

I 

„ 

«  ■  + 

r 

'  A 

SMALL-SIGNAL  OVERSHOOT 
vs  CAPACITIVE  LOAD 


T.-25-C 
.V,-il5V 
*VCL"+' 

-eoc-opF 


no  ik 

FREQUENCY  (Hi) 


100  1000 
LOAD  CAPACITANCE  (pF) 


OPEN-LOOP  GAIN, 
PHASE  vs  FREQUENCY 
(Coc=1°0pF) 


10k  100k 
FREQUENCY  (Hi) 


SLEW  RATE  vs 
OVERCOMPENSATION 


w 

i 

m 

R,.  -  lOWlT 

:t 

»■ 

«'C  ' 

1 

15V 

cL. 

m 

=  T 

«■ 

-ss*c 

10  100  1000  10000 

OVERCOMPENSATION  CAPACITOR  (pF) 


GAIN-BANDWIDTH  PRODUCT  £3 
vs  OVERCOMPENSATION  jJ 


OVERCOMPENSATION  CAPACITOR  IpF) 


OPEN-LOOP  GAIN,  OPEN-LOOP  GAIN, 

PHASE  vs  FREQUENCY  PHASE  vs  FREQUENCY  CLOSED-LOOP  OUTPUT 

(COc=1000pF)  (COc  =  10,000pF)  RESISTANCE  vs  FREQUENCY 


FREQUENCY  (Hi)  FREQUENCY  (Hi)  FREQUENCY  (Hi) 


5-443 


8/87,  Rev.  B1 


pj^|\  PM-1012  LOW-POWER,  PRECISION  OPERATIONAL  AMPLIFIER 


APPLICATIONS  INFORMATION 

The  PM-1012  is  an  ideal  amplifier  for  general-purpose  appli- 
cations where  precision  is  critical  and  power  dissipation 
must  be  minimized.  Excellent  input  specifications  and  a  wide 
supply-voltage  range  allows  the  PM-1012  to  be  stocked  as  a 
standard  amplifier  for  a  wide  variety  of  circuits.  Overall  per- 
formance of  the  PM-1012  is  similar  to.  and  in  many  respects 
better  than  traditional  amplifiers  such  as  the  OP-07,  and  the 
PM-1012  will  directly  upgrade  these  sockets. 

Extremely  low  bias  current  over  the  full  military  temperature 
range  makes  the  PM-1012  attractive  for  use  in  sample-and- 
hold  amplifiers,  peak  detectors,  and  log  amplifiers  that  must 
operate  over  a  wide  temperature  range.  Balancing  input  res- 
istances is  not  necessary  with  the  PM-1012.  Offset  voltage 
and  TCVosare  degraded  only  minimally  by  high  source  res- 
istance, even  when  unbalanced. 

The  input  pins  of  the  PM-1012  are  protected  against  large 
differential  voltages  by  back-to-back  diodes.  Current-limiting 
resistors  are  not  used  so  that  low-noise  performance  is  main- 
tained. If  differential  voltages  above  ±  1 V  are  expected  at  the 
inputs,  series  resistors  must  be  used  to  limit  the  current  flow 
to  a  maximum  of  10mA.  Common-mode  voltages  at  the 
inputs  are  not  restricted,  and  may  vary  over  the  full  range  of 
the  supply  voltages  used. 

The  PM-1012  requires  very  little  operating  headroom  about 
the  supply  rails,  and  is  specified  for  operation  with  supplies 
as  low  as  ±2V.  Typically,  the  common-mode  range  extends 
to  within  one  volt  of  either  rail.  The  output  typically  swings  to 
within  one  volt  of  the  rails  when  using  a  10kl!  load. 

Offset  nulling  is  achieved  utilizing  the  same  circuitry  as  an 
OP-07.  A  potentiometer  between  5kn  and  100ktl  is  con- 
nected between  pins  1  and  8  with  the  wiper  connected  to  the 
positive  supply.  The  trim  range  is  between  300/iV  and  850pV, 
depending  upon  the  internal  trimming  of  the  device. 

FIGURE  1:  Optional  Input  Offset  Voltage  Nulling  and  Over- 
compensation Circuits 


FIGURE  2:  Small  Signal  Transient  Response 
(Cload=  100pF,  AVCL  =  +1) 


AC  PERFORMANCE 

The  PM-1012's  AC  characteristics  are  highly  stable  over  its 
full  operating  temperature  range.  Unity-gain  small  signal 
response  is  shown  in  Figure  2.  Extremely  tolerant  of  capaci- 
tive  loading  on  the  output,  the  PM-1012  displays  excellent 
response  even  with  1000pF  loads  (Figure  3).  In  large-signal 
applications,  the  input  protection  diodes  effectively  short  the 
input  to  the  output  during  the  transients  if  the  amplifier  is 
connected  in  the  usual  unity-gain  configuration.  The  output 
enters  short-circuit  current  limit,  with  the  flow  going  through 
the  protection  diodes.  Improved  large-signal  transient  re- 
sponse is  obtained  by  using  a  feedback  resistor  between  the 
output  and  the  inverting  input.  Figure  4  shows  the  large- 
signal  response  of  the  PM-1012  in  unity-gain  with  a  10kO 
feedback  resistor.  The  unity-gain  follower  circuit  is  shown  in 
Figure  5. 


FIGURE  3:  Small-Signal  Transient  Response 
(Cload=  1000pF,  AVCL  =  +1) 
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FIGURE  4:  Large  Signal  Transient  Response  (AvCL  =  +  1)  FIGURE  6:  Follower  Feedforward  Compensation 


FIGURE  5:  Unity-Gain  Follower 


FIGURE  7:  Feedforward  Compensation  Transient  Response 


USING  OVERCOMPENSATION 

The  overcompensation  pin  provides  flexibility  for  shaping  AC 
response  to  an  application's  requirements.  This  pin  may  be 
used  to  increase  the  stability  of  circuits  with  large  capacitive 
loads  or  gain  in  the  feedback  loop,  or  for  feedforward  com- 
pensation to  improve  slew  rate. 

Figure  6  shows  feedforward  compensation  for  a  unity-gain 
follower.  Slew  rate  is  increased  to  close  to  10V//js  in  this 
circuit.  Load  driving  ability  is  adversely  affected  by  this  com- 
pensation, and  gain  errors  are  incurred  even  with  10kfl  loads. 
Feedforward  compensation  should  be  used  with  care  to 
ensure  that  significant  errors  are  not  introduced. 

Capacitive  load  driving  ability  is  improved  by  using  over- 
compensation in  the  circuit  of  Figure  1.  The  signal  response 
in  Figure  8  was  made  under  the  same  conditions  as  Figure  3, 
except  for  the  addition  of  a  220pF  capacitor  placed  between 
pin  5  and  ground.  Overcompensation  in  this  manner  in- 
creases phase  margin  and  decreases  the  gain-bandwidth 
product  of  the  amplifier. 


FIGURE  8:  Small  Signal  Transient  Response  with  Overcom- 
pensation (Cload  =  1000pF,  AVCL  =  +1.  Coc  = 
220pF) 
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GUARDING  AND  SHIELDING 

To  maintain  the  extremely  high  input  impedances  of  the 
PM-1012,  care  must  be  taken  in  circuit  board  layout  and 
manufacturing.  Board  surfaces  must  be  kept  scrupulously 
clean  and  free  of  moisture.  Conformal  coating  is  recom- 
mended to  provide  a  humidity  barrier.  Even  a  clean  PC  board 
can  have  100pA  of  leakage  currents  between  adjacent  traces, 
so  that  guard  rings  should  be  used  around  the  inputs.  Guard 
traces  are  operated  at  a  voltage  close  to  that  on  the  inputs,  so 
that  leakage  currents  become  minimal.  In  noninverting 
applications,  the  guard  ring  should  be  connected  to  the 
common-mode  voltage  at  the  inverting  input  (pin  2).  In  invert- 
ing applications,  both  inputs  remain  at  ground,  so  that  the 
guard  trace  should  be  grounded.  Guard  traces  should  be 
made  on  both  sides  of  the  circuit  board. 

High  impedance  circuitry  is  extremely  susceptible  to  RF 
pickup,  line-frequency  hum,  and  radiated  noise  from  switching 


power-supplies.  Enclosing  sensitive  analog  sections  within 
grounded  shields  is  generally  necessary  to  prevent  excessive 
noise  pickup.  Twisted-pair  cable  will  aid  in  rejection  of  line- 
frequency  hum. 

A  precision  absolute-value  current-to-voltage  converter  that 
operates  over  a  wide  temperature  range  is  shown  in  Figure 
10.  The  PM-1012's  low  bias  current  over  its  full  common- 
mode  and  temperature  ranges  ensures  a  high  degree  of 
linearity  in  this  circuit.  The  PM-1012  acts  as  an  inverting  or 
noninverting  current-to-voltage  converter,  depending  upon 
the  polarity  of  the  input.  While  the  input  is  sinking  current, 
the  voltage  is  developed  across  the  resistor  at  the  noninvert- 
ing input,  hence  sources  must  have  reasonable  compliance. 
While  the  input  is  sourcing  current,  it  remains  at  one  diode 
drop  below  ground;  compliance  of  a  current  sink  at  the  input 
is  less  critical.  If  1  Mil  resistors  are  used,  the  circuit  will  output 
1V/fiA  of  input  current. 


FIGURE  9:  Guard  Ring  Layout  and  Connections 
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FIGURE  10:  Precision  Absolute-Value  Current-to-Voltage          FIGURE  11:  DAC  Output  Amplifier 
Converter  I  
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The  PM-1012  Is  an  excellent  amplifier  for  CMOS  and  bipolar 
DACs  where  high  linearity  is  critical.  Its  low  bias  current  and 
offset  voltage  ensures  that  linearity  errors  are  negligible, 
even  when  operating  with  high  resolution  DACs  and  low 
reference  vqjtages.  A  capacitor  should  be  placed  in  the  feed- 
back loop  of  the  amplifier  to  cancel  the  pole  formed  by  the 
additional  input  capacitance  from  the  OAC.  Twenty  to  forty 
picofarads  is  usually  adequate  for  compensation  with  CMOS 
or  bipolar  DACs. 

The  logarithmic  amplifier  in  Figure  12  eliminates  thermal  drift 
caused  by  temperature  dependencies  of  the  logging  transis- 
tors by  maintaining  a  monolithic  quad  matched  transistor  at  a 
predetermined  temperature.  The  MAT-04  has  four  transistors 
laid-out  at  the  corners  of  a  square  die.  Two  transistors  across 
a  diagonal  are  used  for  logging  elements.  One  of  the  remain- 
ing transistors  is  used  as  a  heaterto  maintain  a  constant  chip 


temperature,  and  the  remaining  transistor,  diagonally  oppo- 
site to  thetieater,  is  used  as  a  temperature  sensor. 

The  OP-90  servo  amplifier  uses  thermal  feedback  to  set  the 
temperature  of  the  die.  The  base-to-emitter  voltage  of  Q2  is 
maintained  at  the  level  set  by  the  resistive  divider  from  the 
REF-01,  by  controlling  the  current  flowing  through  Q4. 
Although  Q4  may  operate  at  higher  than  the  MAT-04's  rated 
levels,  this  does  not  degrade  operation  since  the  characteris- 
tics of  the  heater  transistor  are  non-critical.  For  best  thermal 
regulation,  the  MAT-04  package  should  be  encased  in  insula- 
tion. Urethane  foam  used  for  housing  insulation  is  excellent 
for  this  purpose. 

Gain  is  trimmed  using  the  2kfl  potentiometer.  The  zero- 
crossing  point  is  adjusted  by  changing  the  value  of  Rref- 
Input  scaling  may  be  changed  by  varying  resistor  R|N. 


FIGURE  12:  Logarithmic  Amplifier  with  Heated  Logging  Transistors 
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JAN  SINGLE  LOW-INPUT-  CURRENT 
OPERATIONAL  AMPLIFIER  (EXTERNALLY  COMPENSATED) 


Precision  Alonolithic.s  Inc. 


GENERAL  DESCRIPTION 

This  data  sheet  covers  the  electrical  requirements  for  a 
monolithic,  low  input-current,  externally-compensated 
operational  amplifier  as  specified  in  MIL-M-38510/101  for 
device  type  04.  Devices  supplied  to  this  data  sheet  are 
manufactured  and  tested  at  PMI's  MIL-M-38510  certified 
facility  and  are  listed  in  QPL-3SS10. 

Complete  device  requirements  will  be  found  in  MIL-M-38510 
and  MIL-M-38510/101  for  Class  B  processed  devices. 

GENERIC  CROSS-REFERENCE  INFORMATION 

This  cross-reference  information  is  presented  for  the  con- 
venience of  the  user.  The  generic-industry  types  listed  may 
not  have  identical  operational  performance  characteristics 
across  the  military  temperature  range  or  reliability  factors 
equivalent  to  the  MIL-M-38510  device. 


ORDERING  INFORMATION 


JAN  SLASH  SHEET 

PMI  DEVICE 

JM38510/10104BGC 

PM108AJ1/38510 

JM3B510/10104BGA 

PM108AJS/38510 

JM38510/10104BPB 

PM108AZ2/3S510 

JM38510/10104BPA 

PM108AZ5/38510 

PIN  CONNECTIONS 

Military  Device  Type 
04 


Generic-Industry  Type 
LM108A 


CASE  OUTLINE 

Per  MIL-M-38510,  Appendix  C,  Case  Outline  A-1  (8  Lead 
Can),  Package  Type  Designator  "G";  and  Appendix  C,  Case 
Outline  D-4  (8  Lead  Dual-in-Line),  Package  Type  Designator 

"P". 


SIMPLIFIED  SCHEMATIC 


TO-99 

GOLD  PLATE  LEAD  TYPE 
(J1-Suffix) 

SOLDER  DIPPED  LEAD  TYPE 
(J5-Sufflx) 


8-PIN  HERMETIC  DIP 
JJ  cow       TIN  REFLOW  LEAD  TYPE 
I]  v.  (Z2-Sufflx) 

7]  OUT 

JJ  N.c  SOLDER  DIPPED  LEAD  TYPE 
^  (ZS-Sufflx) 


ALL  RESISTANCE  AND  CAPACITANCE  VALUU  ARE  NOMINAL. 


4 
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5.3*11 

pWv— 


r  rx.7J.n 

R14 
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ELECTRICAL  CHARACTERISTICS  at  5V  <  ±VCC  £  20V  and  -55°C  <  TA<  +125°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

MAX 

UNITS 

Input  Offset  Voltage 

v,o 

(Note  2)    TA~  £0  u 

Rs  =  50O   -55°CSTA<  125aC 

-1.0 

+0.5 
+  1.0 

mV 

Input  Offset  Voltage 
Temperature  Sensitivity 

AT 

ATA  Irom  -SS'C  to  +25'C 
ATAfrom  +25*C  to +125°C 

-5.0 
-5.0 

+  5.0 
+5.0 

(.WC 

Input  Offset  Current 

■■0 

.    TA  =  25°C 
,N0,e2)  -sVc<TaS125-C 

-0.2 
-0.4 

+0.2 
+0.4 

nA 

Input  Offset  Current 
Temperature  Sensitivity 

Alio 
AT 

ATA  from  -Si'  C  to  +  25"  C 
ATAfrom  +25"C  to  +125°C 

-2.5 
-2.5 

+2.5 
+2.5 

pA/"C 

Input  Bias  Current 

+  I|B 
~'lB 

„      .  25°C<TA<125,C 

1N0,e2»  -55-C<TAS+25-C 

'  i     „  25°C<TA<125,C 
(Note  2)  _„.     *  ,+,s.c 

-1.0 
-0.1 
-1.0 
-0 1 

+2.0 
+3.0 
+  2.0 

nA 
nA 

Power  Supply  Rejection  Ratio 

+PSRR 

+VCC=10V                  TA  =  25»C 

\t  "  —  onu       9             _ecoLr**  t  t  «r  locor* 
-Vqq  — <OV                     ~DD  US  I^S  1«  I* 

-16 
-16 

+  16 
+  16 

jiV/V  • 

Power  Supply  Rejection  Ratio 

-PSRR 

+Vcc=20V       =         TA  =  25»C 

»Q£  —    IUV                        —DO  \s  —  1  £  —  ItO  O 

-16 
-16 

+  16 
+  16 

jiV/V 

Input  Voltage 
Common-Mode  Rejection 

CMR 

±vcc=2oy 

V.N  =  ±  15V 

Rs=son 

96 

MlustfnBnt  For 
Input  Offset  Voltage 

vlO 

ADJ  (+| 

±VCC  =  20V 

No  External 
Adjustment 

mV 

Adjustment  For 
Input  Offset  Voltage 

V.o 

ADJ  (-) 

±VCC  =  20V 

No  External 
Adjustment 

mV 

Output  Shorl-Clrcuit  Current 
(For  Positive  Output) 

1  OS  1 + 1 

±VCC=15V  t<25ms 
(Note  3) 

15 

mA 

Output  Short-Circuit  Current 
(For  Negative  Output} 

'OSI-I 

±VCC=15V  t<25ms 
(Note  31 

15 

mA 

Supply  Current 

Ice 

TA  =  -55»C 
±VCC=15V  TA=+25'C 
TA=+125"C 

0.8 
0.6 
0.6 

mA 

Output  Voltage  Swing 
(Maximum) 

V0p 

±VCC  =  20V.  RL=10kn 

4-W        —  Oftlf    D     —  OlrlT 
—  "CC~                    —  atKlI 

+  16 

V 

Open-Loop  Voltage  Gain 
(Single  Ended)  (Note  1 ) 

AVS  l±t 

RV-C.ok2n°V  T*=25'c 

ao 

40 

V/mV 

Open-Loop  Voltage  Gain 
(Single  Ended)  (Notel) 

Ays 

+VCC  =  5V 
RL = 10kn 
V0UT=±2V 

20 

V/mV 

Transient  Response  Rise  Time 

TBltr| 

CF-10pF 

1000 

nsec 

Transient  Response  Overshoot 

T"lOSl 

CF=10pF 

50 

% 

Noise  (Referred  to  Input) 
Broadband 

N,(BB) 

VcC  =  2"V  _ 
Bandwidth  =  5kHz  * 

15 

mV  rms 

Noise  (Referred  to  Input) 
Popcorn 

N,(PC) 

±VCC  =  20V  _ 
Bandwidth  =  5kHz  * 

40 

pV  peak 

NOTES: 

1.  Note  that  gain  is  not  specified  at  Vlo  (ADJ|  extremes.  Some  gain  reduction 
is  usually  seen  at  V,0  ,adji  extremes.  For  closed-loop  applications 
{closed-loop  gain  less  than  1.000),  the  open -loop  tests  (Avs)  prescribed 
herein  should  guarantee  a  positive,  reasonably  linear,  transfer  character- 
istic. They  do  not.  however,  guarantee  that  the  open-loop  gain  is  linear,  or 
even  positive,  over  the  operating  range.  If  either  of  these  requirements 


exist  ( positive  open-loop  gain  or  open-loop  gain  linearity),  they  should  be 
specified  in  the  individual  procurement  document  as  additional  require- 
ments. 

2.  Tests  at  common-mode  VCM  =  0.  VCM  =  - 1 5 V.  and  VCM  =  +  15V. 

3.  Continuous  short-circuit  limits  will  be  considerably  less  than  the  indicated 
test  limits.  Continuous  los  al  TA<  75"C  will  cause  Tjto  exceed  the  maxi- 
mum of  175°  C. 


Oh 


I 

o 

Ch 
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ELECTRICAL  CHARACTERISTICS  at  5V  <  ±VCC<  20V  and  -55°C  £  TA£  +125°C,  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONOITIONS 

HIN 

MAX 

UNITS 

Slew  Rate 

SR  (+) 

Av=1  -55,CSTAS2S,C 
V,N=+5V  TA=12S"C 

O.OS 
O.OS 

V/|isec 

Slew  Rate 

SR(-) 

Av=1  -55*C£TA£25,C 
VW=±SV  TA=1ZS*C 

0.0S 
0.05 

V/psec 

NOTES: 

1.  Note  that  gain  is  not  specified  at  Vl0  |A0J|  extremes.  Some  gain  reduction 
is  usually  seen  at  V,0  |ADJ)  extremes.  For  closed-loop  applications 
(closed-loop  gain  less  than  1.000),  the  open-loop  tests  <AVS)  prescribed 
herein  should  guarantee  a  positive,  reasonably  linear,  transfer  character- 
istic They  do  not,  however,  guarantee  that  the  open-toop  gain  Is  linear,  or 
even  positive,  over  the  operating  range.  It  either  ol  these  requirements 
exist  (positive  open-loop  gain  or  open-loop  gain  linearity),  they  should  be 


specified  in  the  individual  procurement  document  as  additional  require- 
ments. 

2.  Tests  at  common-mode  Vqm  «  0,  Vqm  «  -15V,  and  V^m  =  +  15V. 

3.  Continuous  short-circuit  limits  will  be  considerably  less  than  the  indicated 
test  limits.  Continuous  losat  TA<  75°C  will  cause  Tj  to  exceed  the  maxi- 
mum of  175°  C. 

For  Other  Test  Circuit  Diagrams,  See  MIL-M-38510/101 


BURN-IN  CIRCUIT 


Rl 

 WV  

ioui.  i/<*i.  s% 


POWER  AND  THERMAL  CHARACTERISTICS 


Package 

Can  outline 

Maximum  allowable 
power  dlttlpatlon 

Maximum 
SJ-C 

Maximum 
SJ— A 

8  Lead  Can 
(TO-891 

G 

330mWatTA  =  125'C 

WCflN 

150' C/W 

6  Lead  Hermetic 
(Dual-in-Llne) 

P 

417mWatTA=125«C 

S0"C/W 

120"C/W 
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JAN  DUAL  LOW-INPUT-CURRENT 
OPERATIONAL  AMPLIFIER  (EXTERNALLY  COMPENSATED) 


Precision  Monolith  ics  lr 


GENERAL  DESCRIPTION 

This  data  sheet  covers  the  electrical  requirements  for  a  dual 
low  input-current,  externally-compensated  operational 
amplifier  as  specified  in  MIL-M-38S1 0/101  for  device  type  06. 

Devices  supplied  to  this  data  sheet  are  manufactured  and 
tested  at  PMI's  MIL-M-38510  certified  facility  and  are  listed 
in  QPL-38510. 

Complete  device  requirements  will  be  found  In  MIL-M-38510 
and  MIL-M-38S10/101  for  Class  B  processed  devices. 

GENERIC  CROSS-REFERENCE  INFORMATION 

This  cross-reference  information  is  presented  for  the  con- 
venience of  the  user.  The  generic  industry  types  listed  may 
not  have  identical  operational  performance  characteristics 
across  the  military  temperature  range  or  reliability  factors 
equivalent  to  the  MIL-M-38510  device. 

Military  Device  Type      Generic  Industry  Type 
06  LM2108A 

CASE  OUTLINE 

Per  MIL-M-38510,  Appendix  C,  Case  Outline  D-2  (16-pin 
DIP).  Package  Type  Designator  "E". 


SIMPLIFIED  SCHEMATIC  (Each  Amplifier) 


PIN  CONNECTIONS 


I]  ™£  16-PIN  HERMETIC  DIP 
q  TIN  REFLOW  LEAD  TYPE 

|.[N(B)  (Q2-Su«lx) 

3 -in  ibi  SOLDER  DIPPED 

77)  IN  COMP  IB) 
7ol  OUT  COMP  (B) 
7]  V»  IB) 


LEAD  TYPE 
(Q5-Suffix) 


ORDERING  INFORMATION 


Jan  Device  Type 


PMI  Device  Type 


JM38510/10106BEB 
JM38510/10106BEA 


PM2108AQ2/38510 
PM2108AQ5/38510 


POWER  AND  THERMAL  CHARACTERISTICS 


Package     Cm  outline 


Maximum  allowable 
power  cftstlpatioa 


Maximum  Maximum 
SJ— C        8J— A 


400mWatTA=125*C    3S*C/W  120-CYW 
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.  |pj^JM38S10/10106  JAN  DUAL  LOW-INPUT-CURRENT  OPERATIONAL  AMPLIFIER  

ELECTRICAL  CHARACTERISTICS  at  5V<  +VCC^  20V  and  -55° C  <TA<  +125° C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

MAX 

UNITS 

Input  Olfset  Voltage 

V,o 

I  Note  2 )  TA=25°C 
Rs=5011      -55°C<TA<  125°C 

-0.5 
-1.0 

+0.5 
+  1.0 

mV 

Input  Ottset  Voltage 
Temperature  Sensitivity 

■W,0 
AT 

ATA  from  -55*C  to  +25°  C 
ATAfrom  +25°C  to  +  125°C 

-5.0 
-5.0 

+  5.0 
+5.0 

»iV/°C 

Input  Offset  Current 

■lO 

-55«C<TA<125«C 

-0.2 
-0.4 

+0.2 
+0.4 

nA 

Input  Oflset  Current 
Temperature  Sensitivity 

AI,o 
AT 

ATAfrom-5S*Cto+25°C 
ATAfrom  +25°C  to  +125'C 

-2.5 
-2.5 

+2.5 
+2.5 

pA/°C 

Input  Bias  Current ' 

+  'lB 
-l|B 

„,      .  25°C<TA<125°C 

,N0,e2»  -SS°C<TA<+25-C 

.  25°C<TA<125°C 
(Note2i              *  ,  .or./. 

-55*  C  <  TA  <  +  25  C 

-1.0 
-0.1 
-1.0 
-0.1 

+2.0 
+3.0 
+2.0 
+3.0 

nA 
nA 

Power  Supply  Rejection  Ratio 

+  PSRR 

+VCC=10V   R  =50u   TA  =  25°C 

-Vcc  =  -20  V    s             -55aC£TA<  125*C 

-16 
-16 

+  16 
+  16 

(iV/V 

Power  Supply  Rejection  Ratio 

-PSRR 

+Vcc=20V  TA=2S'C 

-Vcc  =  -tOV    *             -55°C£TA£  125°  C 

-16 
-16 

+  16 
+  16 

(iV/V 

Input  Voltage 
Common-Mode  Rejection 

CMR 

±VCC=20V 
V[N=±15V 
Rs  =  5011 

96 

dB 

Adjustment  For 
Input  Offset  Voltage 

Vio 

AOJ  (+) 

±Vcc=  »V 

No  External 
Adjustment 

mV 

Adjustment  For 
Input  Offset  Vottage 

V,0 

ADJ  (-) 

+VCC=20V 

No  External 
Adjustment 

mV 

Output  Short-Circuit  Current 
(For  Positive  Output) 

'osi+i 

± =  15V  t£25ms 
(Note  3) 

15 

mA 

Output  Short-Circuit  Current 
(For  Negative  Output) 

'0S|-| 

±Vcc=15V  t£25ms 
(Note  3) 

15 

mA 

Supply  Current 

ice 

TA=-55'C 
±Vcc=1SV  TA=+25*C 
TA=+125'C 

0.8 
0.6 
0.6 

mA 

Output  Vottage  Swing 
(Maximum) 

V0P 

+VCC=20V,  Rt=10kn 
±Vcc=  20V,  R|_  =  2kfl 

±16 

V 

Open-Loop  Voltage  Gain 
(Single  Ended)  (Notel) 

AVSIii 

tVCClT     TA  =  25'C 
"L-WMJ  -55'C<TA<125-C 
V0UT=»+i5V 

80 
40 

V/mV 

Open-Loop  Voltage  Gain 
{Single  Ended)  (Notel), 

AVS 

±VCC=5V 
RL=10MJ 
V0UT  =  +2V 

20 

V/mV 

Transient  Response  Rise  Time 

TR(tr> 

Cr=  lOpF 

1000 

nsec 

Transient  Response  Overshoot 

TR(OS| 

CF=10pF 

50 

* 

Noise  (Referred  to  Input) 
Broadband 

N,(BB) 

VCC=20V             T  —  25*  C 
Bandwidth  =  SkHi  * 

15 

pVrms 

N'(PC»        ia^wXskM,    T*  =  25°C  "  « 


Noise  (Referred  to  Input) 
Popcorn 

NOTES: 

1.  Note  that  gain  is  not  specified  at  V(0(AOJ)  extremes.  Some  gain  reduction 
is  usually  seen  at  V,0  (A0J)  extremes.  For  closed-loop  applications 
(closed-loop  gain  less  than  1,000),  the  open-loop  tests  ( Ayg)  prescribed 
herein  should  guarantee  a  positive,  reasonably  linear,  transfer  character- 
istic. They  do  not,  however,  guarantee  that  theopen-loop  gain  Is  linear,  or 
even  positive,  over  the  operating  range.  If  either  of  these  requirements 
exist  (positive  open-loop  gain  or  open-toop  gain  linearity),  they  should  be 
specified  in  the  individual  procurement  document  as  additional 
requirements. 


2.  Tests  at  common-mode      =  0.  Vcu  =  -15V,  and  Vc*,  •=  +1SV. 

3.  Continuous  short-circuit  limits  win  be  considerably  (ess  than  the  Indicated 
test  limits.  Continuous  Iqs  at  TA<  75* C  will  cause  Tj  to  exceed  the  maxi- 
mum of  175°  C.  For  dual  devices,  l0s  is  measured  one  channel  at  a  time. 
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JM38510/10106  JAN  DUAL  LOW-INPUT-CURRENT  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  SV  <  ±VCC<  20V  and  -55°  C  <  TA<  +125°C,  unless  otherwise  noted.  (Continued) 


lUBMlEYGS 

SYMBOL 

CONDITIONS 

MIN 

MAX 

UNITS 

Slew  Rate 

SR(+I 

Av=1  -55°C<TAS25°C 
V,N  =  +5V  TA=125°C 

O.OS 
0.05 

- 

V/fisec 

Slew  Rate 

SR  (-J 

Av=1  -55°C<TA£25°C 
V,N  =  ±5V  TA=<25°C 

0.05 
O.OS 

V/fisec 

Settling  Time 

t8l+) 

TA=25°C 
-55°CSTAS125°C 
TA  =  25°C 

ns 
ns 

ts(-l 

-55°C<TA<125°C 

Channel  Separation 

cs 

±VCC  =  20V 
TA  =  25°C 

60 

dB 

NOTES: 

1.  Note  that  gain  Is  not  specified  at  V,0  IADJI  extremes.  Some  gain  reduction 
Is  usually  seen  at  V,0  (A0JI  extremes.  For  closed-loop  applications 
(closed-loop  gain  is  less  than  1,000),  the  open-loop  tests  (AV8I  prescribed 
herein  should  guarantee  a  positive,  reasonably  linear,  transfer  character- 
istic. They  do  not,  however,  guarantee  that  the  open-loop  gain  Is  linear,  or 
even  positive,  over  the  operating  range.  If  either  of  these  requirements 
exist  (positive  open-loop  gain  oropen-loop  gain  linearity),  Iheyshould  be 


specified  in  the  individual  procurement  document  as  additional 
requirements. 

2.  Tests  at  common-mode  Vcu  =  0,  Vqu = -  1SV.  and  Vat = + 1SV. 

3.  Continuous  short-circuit  limits  will  be  considerably  less  than  the  Indicated 
test  limits.  Continuous  Iqs  at  TA  £  75°  C  will  cause  Tj  to  exceed  the  maxi- 
mum of  175°  C.  For  dual  devices,  los  is  measured  one  channel  at  a  time. 

For  other  Tost  Circuit  Diagrams,  See  MIL-M-38510/101 


BURN-IN  CIRCUIT 


«3Vdc  , 


r 


1  N£.0 


I — VW- 

16% 


LL, 


i 

o 

s 
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Precision  Monolith  ics  Inc. 


TM38510/11004 

JAN  QUAD  741-TYPE 
OPERATIONAL  AMPLIFIER 


FEATURES 

•  Low  Broadband  Noise  

•  RM-4136  Direct  Replacement 

•  Slllcon-Nltrlde  Passivation 

•  Low  Crossover  Distortion 

•  Continuous  Short-Circuit  Protection 

•  MIL-M-38510  Processed 

ORDERING  INFORMATION 


S/SVma  Max 


JAN  SLASH  SHEET 

PMI  DEVICE 

JM3B510/11004BCB 

PM-4136Y2/38510 

JM38SI0/110O4BCA 

PM-4I36YS/385I0 

GENERAL  DESCRIPTION 

The  PM-4136Y2/38510  provides  four  matched  741-type  opera- 
tional amplifiers  in  a  14-pin  hermetic  dual-in-line  package.  The 
device  is  manufactured  to  meet  or  exceed  all  terms  and 
conditions  of  the  MIL-M-38510/110A  slash  sheet,  under  the 
requirements  of  the  MIL-M-38510  general  microcircuit  speci- 
fications. Complete  device  specifications,  test  configurations, 
and  manufacturing  requirements  are  found  in  the  slash  sheet 
and  general  specifications. 

GENERIC  CROSS-REFERENCE  INFORMATION 

The  PM-4136Y2/38510  is  PMI's  product  name  for  the  JM38510/ 
11C04BCB.  The  PM-4136Y2/38510  is  a  38510-processed  version 
Of  the  industry-standard  RM4136. 


The  generic  industry  device  may  not  have  identical  operational 
performance  characteristics  across  the  Military  temperature 
range,  or  reliability  factors  equivalent  to  the  38S10  device. 

For  an  883-processed  device  with  improved  electrical  specifica- 
tions, review  the  OP-09  data  sheet. 

PIN  CONNECTIONS 


14-PIN  HERMETIC  DIP 
TIN  REFLOW  LEAD  TYPE 
(Y2-Suffix) 

SOLDER  DIPPED  LEAD  TYPE 
(YS-Suffix) 


POWER  AND  THERMAL  CHARACTERISTICS 


Case 
Outline 


Package 


Maximum  Allowable 
Power  Dissipation 


Maximum  Maximum 
9K  9a 


Oual-ln-Llne  400mW(j 


=  125»C  35»C/W 


SIMPLIFIED  SCHEMATIC  (One  of  Four  Amplifiers  is  Shown) 


1 

X 


NOTE:  BIAS  CIRCUIT  SHOWN  IN  DASHED  BOX  IS  COMMON  TO  ALL  DEVICES. 


3 


r 


 i 


 i 
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JM-38510/11004  JAN  QUAD  741-TYPE  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage  Range  (Note  1)  ±22V 

\npuA  Vottage  Range  (Note  2)  ±22V 

Differential  Input  Voltage  Range  (Note  3)  ±30V 

Input  Current  Range  10  to  0.1  mA 

Storage  Temperature  Range  -65°C  to  +150°C 

Output  Short-Circuit  Duration  (Note  4)  Unlimited 

Lead  Temperature  (Soldering,  60  sec)  300°C 

Junction  Temperature  (Tj)  (Note  5)  175°C 

NOTES: 


1.  Voltages  in  excess  of  these  may  be  applied  for  short-term  tests  il  voltage 
dlflerence  doos  not  exceed  44  volts. 

2.  For  supply  voltages  less  than  ±20V.  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 


3.  The  differential  input  voltage  range  shall  not  exceed  the  supply  voltage 
range. 

4.  Short  circuit  may  be  to  ground  or  either  supply.  Rating  applies  to  +125°  C 
case  temperature  or  +75°C  ambient  temperature. 

5.  For  short-term  test  (in  the  specific  burn-in  and  lite-test  configuration 
where  required  and  up  to  16B  hours  maximum)  T(  =  275°C. 

RECOMMENDED  OPERATING  CONDITIONS 

Supply  Voltage  Range  ±5V  to  +20V 

Ambient  Temperature  Range  -55°  to  +125°C 


ELECTRICAL  CHARACTERISTICS  at  ±5V  <  Vcc  <  ±20V  and  -55°C  <  TA  <  125°C,  Rs  =  50n,  unless  otherwise  noted. 


04  LIMITS 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

MAX 

UNITS 

Input  Offset  Voltage 

v,o 

TA  =  25° G 

-55°CSTA  S  125°C 

-5 
-6 

5 
6 

mV 

(Noto  1) 

Input  Offset  Voltage 
Temperature  Sensitivity 

4V10MT 

-55°C«  TA  <  125°C 

-25 

25 

IjV/'C 

Input  Offset  Current 

25°C  STA<  125°C.  Rs  =  20kll 
(Note  1) 

-75 

75 

nA 

■to 

TA  =  -55°  C.  Rs  •  20kl) 
(Note  1) 

-150 

150 

Input  Offset  Current 

■il,o"T 

-55°  C  <  TA  <  25°  C 

-1000 

1000 

pA/°C 

Temperature  Sonsitivity 

25°C<TA<125°C 

-500 

500 

Rs  =  20kl). 

25°C<TA<125°C 

-250 

-1 

♦Ira 
'10 

TA  = -55° C 

-400 

-1 

Input  Bias  Current 

(Note  l) 

nA 

"'it) 

Rs  =  20kll. 

25°C<TAS125°C 

TA  =  -55°C 
(Note  1) 

-250 
-400 

-1 
-1 

Power  Supply  Rejection 

♦  PSRR 

-Vcc  =  10V.  -Vcc  =  -20V 

-100 

100 

Ratio 

-PS  FIR 

♦Vcc  =  20V.  -Vcc  =  -10V 

-100 

100 

Input  Voltage  Common-Mode 

CMR 

Common-Mode  Range  =  30V 

76 

dB 

Rejection 

(Note  2| 

Output  Short  Circuit 

±VCC  =  ±15V.  25°CSTA<  12S°C 

-80 

Current 

'osci 

(Note  3) 

mA 

Output  Short  Circuit 

±VCC  =  ±15V.  TA  =  -55°C 

80 

Current 

"ost-i 

(Note  3) 

Supply  Current 

'cc 

TA  = -55° C 
VCC  =  ±15V  J~ 

T*  ■  25°  C 

(N0,e4'  TA=,25°C 

13 
11 
11 

mA 

Output  Voltage  Swing 

•V0P 

Vcc-20V.R^'°kn 

»cc  -'u"-RL  =  21ln 

♦  16 

♦  15 

V 

(Maximum) 

-v0p 

RL  =  toka 

Vrr  =  ±20V.  L 
cc             RL  =  2kn 

-16 
-15 

PS 


< 
z 
o 

pj 
O 
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JM-38S10/11004  JAN  QUAD  741-TYPE  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  ±5V  <VCC  <±20V  and  -55°  C  <TA  <  125°  C,  Rs = 50O,  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

04  LIMITS 

MIN  MAX 

UNITS 

AVS|.) 

RL  »  10kn.  ±V0  =  ±15V, 
TA  =  25°C 

-55«C£TA£125'C 

SO 
25 

- 

Open-Loop  Voltage  Gain 
(Single  Ended) 

AVS<-) 

—  £Kll,  X»q  —  XI3V, 

TA»25'C 

-55»CSTA<125'C 

50 
25 

— 

V/mV 

Avs 

RL  =  10kn.TA  =  25*C 
RL  »  2kO,  ±vcc  =  ±sv, 
-SS'CSTjSIZS'C 

10 
10 

— 

Transient  Response 
Rise  Time 

TR(I0 

iVcc  =  ±20V.  Av  =  1 

0.3 

Transient  Response 
Overshoot 

TR(os) 

±VCC  =  ±20V 

50 

/« 

Slew  Rate 

SRC) 

±VCC  »  ±20V.  A„  "  1 

0.6 

V/ps 

Noise 
(Broadband) 

N,(BB) 

TA  =  25°  C,  ±VCC  =  ±20V, 
RS  =  50I1 

5 

Noise 
(Popcorn) 

N,(PC) 

TA"25°C.  ±VCC  =  ±20V, 
Rs  =  20kn 

50 

Channel  Separation 

CS 

TA*25"C 

SO 

dB 

NOTES: 

1.  Tested  at       =  0,  »15Vand  -15V  with  ±VCC  =  ±20V:and  at  VCM  =  OVand  3.  Onlyoneampllfiershortedtogroundatonetime.O  <  t  <  25ms. Continuous 
-2.5V  with  ±VCC  -  ±SV.  limits  will  be  considerably  lower  and  apply  lor  -55°  C  <  TA  <  25"  C. 

2.  CMR  is  determined  by  measuring  Input  offset  voltage  as  follows:  4.   Icc  limits  are  the  total  lor  all  lour  amplifiers  at  no  load,  connected  as 
~  followers  with  the  noninverting  inputs  grounded. 


OFFSET  VOLTAGE 
CONDITION 

♦Vcc 

-vcc 

Vo 

1 

35V 

-5V 

15V 

2 

5V 

-35V 

-15V 

BURN-IN  CIRCUIT 
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PMi) 


JM38510/11401/11402/11403/ 
11404/11405/11406 


Precision  Monolithics  Inc. 


GENERAL  DESCRIPTION 

This  data  sheet  covers  the  electrical  requirements  for  a 
monolithic,  low-power,  internally-compensated  JFET-input 
operational  amplifier  as  specified  in  MIL-M-38510/114  for 
device  types  01  to  06.  Devices  supplied  to  this  data  sheet  are 
manufactured  and  tested  at  PMI's  MIL-M-38510  certified 
facility  and  are  listed  in  QPL-38510. 

Complete  device  requirements  will  be  found  in  MIL-M-38510 
and  MIL-M-38510/114  for  Class  B  processed  devices. 

GENERIC  CROSS-REFERENCE  INFORMATION 

This  cross-reference  information  is  presented  for  the  con- 
venience of  the  user.  The  generic-industry  types  listed  may 


JAN  JFET-INPUT 
OPERATIONAL  AMPLIFIERS 


not  have  identical  operational  performance  characteristics 
across  the  military  temperature  range  or  reliability  factors 
equivalent  to  the  MIL-M-38510  device. 


Military  Device  Type 

Generic-Industry  Type 

01 

LF-155 

04 

LF-155A 

02 

LF-156 

05 

LF-156A 

03 

LF-157 

06 

LF-157A 

SIMPLIFIED  SCHEMATIC 


NOTE:  For  values  of  CI,  C2,  R5,  R6  see  the 
followtng  table: 


01  04 

02  05 

03  OB 

CI 

7pF 

1.7pF 

C2 

7pF 

1.7pF 

RS 

T.2M 

3.6kfl 

R6  7.2M1  3.6kn 
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JM38S10/11401/11402/11403/11404/11405/11406  JAN  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


ABSOLUTE  MAXIMUM  RATINGS 


Supply  Voltage  Range   +22V 

Input  Voltage  Range  (Note  1 )  +20V 

Differential  Input  Voltage  Range  +40V 

Lead  Temperature  (Soldering,  60  sec)  . . . . .        300°  C 

Junction  Temperature   Tj  =  175°  C  (Note  3) 

Storage  Temperature  Range   -65,,Cto+150°C 

Output  Short-Circuit  Duration   Unlimited  (Note  2) 


NOTES: 

1.  The  absolute  maximum  negative  Input  voltage  is  equal  to  the  negative 
power  supply  voltage. 


2.  Short  circuit  may  be  to  ground  to  either  supply.  Rating  applies  to + 125*  C 
case  temperature  or+75°C  ambient  temperature. 

3.  For  short-term  test  (in  the  specific  bunvin  and  life  test  configuration  when 
required  and  up  to  188  hours  maximum),  Tj  =  275* C. 

RECOMMENDED  OPERATING  CONDITIONS 

Supply  Voltage  Range   ±5  to  ±20  VDC 

Ambient  Temperature  Range    -55"C  to  +125°C 


ELECTRICAL  CHARACTERISTICS  at  Vcc  from  ±SV  to  ±20V;  source  resistance  =  50  ohm;  ambient  temperature  range  = 
-55° C  to  +125°C  and  figure  1,  unless  otherwise  noted. 


01  LIMITS 

04  LIMITS 

PARAMETER 

SYMBOL 

CONOITtONS 

MEN 

MAX 

MIN 

MAX 

UNITS 

±Vcc=±5V.Vcm  =  0V 
TA  =  2S"C 

±Vnn  =  ±20V 

Vcm  =  ±15V,0V 

-ss'CsTaS+^'C 

-5 

5 

-2 

2 

Input  Offset 
Voltage 

"IO 

-7 

7 

-2.5 

2.5 

mV 

Input  Offset  Voltage 
Temperature  Sensitivity 

4V,0 
AT 

±VCC  =  ±20V 
Vcm°0V 

-30 

30 

-10 

10 

dW'C 

-f  V„„  =  4-9QV  V~ .  ■  OV 

tnput  Offset  Current 

IO 

Tj  =  25*C 

-20 

20 

-20 

20 

nA 

Tj  =  125*C 

-20 

20 

-20 

20 

nA 

±  Vcc  =  ±20V.  Vcm  =  +  15V 

Tj  =  2S'C 

-100 

3500 

-100 

3500 

PA 

tS25ms        T,  =  125°C 

-10 

60 

-10 

60 

nA 

+  I|B 

±  Vcc  =  ±15V,  Vc«  =  +  10V 

Input  Bias  Current 

Tj  =  25°  C 

-100 

300 

-100 

300 

PA 

(Notel) 

"'IB 

tS25ms        T|  =  125*C 

-10 

50 

-10 

50 

nA 

(Note  2) 

±Vcc  =  ±20V,  -15V  £  Vc  <  0V 

(Note  3) 

T|  =  25'C 

-100 

100 

-100 

100 

PA 

t<25ms       T|  =  125*C 

-10 

50 

-10 

50 

nA 

Power  Supply 
Rejection  Ratio 

+PSRR 
-PSRR 

+VCC=10V,-VCC  =  -20V 
+Vcc  =  20V,-Vcc  =  -10V 

85 

85 

dB 

Input  Voltage  Common-Mode 
Rejection  (Note  4) 

CMR 

±Vcc  =  ±20V 
V,N=±15V 

85 

65 

dB 

Adjustment  for 

V,0ADJ(+) 

+Vcc=±20V 

+8 

+8 

mV 

Input  Offset  Voltage 

V,0AOJH 

±Vcc  =  ±20V 

-8 

-8 

Output  Short-Circuit  Current 
(for  Positive  Output]  (Note  S) 

•osi+i 

±Vcc  =  ±15V 
t£25ms 

(Short  Circuit  to  Ground) 

-50 

-50 

mA 

Output  Short-Circuit  Current 

±Vcc=±15V 

(for  Negative  Output) 

'ost-i 

tS25ms 

50 

SO 

mA 

(Note  5) 

(Short  Circuit  to  Ground) 

TA  =  -55«C                        -            6              -  8 
SupplyCurrent                           Ice             ±VCc  =  ±15V.TA  =  +25,C                        —            4               —  4  mA 
 TA  =+12S*C  —  4  —  4 


Output  Voltage  Swing 
(Maximum) 

v0P 

±Vcc  =  ±20V,RL=10kn 
+Vcc  =  ±20V.Ri  =  2kn 

±16 
±15 

±16 
±15 

V 

Open-Loop  Voltage  Gain 
(Single  Ended)  (Note  6) 

AV81+I 

Avsi-i 

±  Vcc  »  ±20V,  V0UT  =  ±«V 
RL  =  2kn,TA  =  25"C 
-55'CSTAS+125»C 

SO 
25 

50 
25 

V/mV 

Open-Loop  Voltage  Gain 
(Single  Ended)  (Note  6) 

Avs 

±VCC  =  ±5V 
RL  =  2M> 
V0UT  =  ±2V 

10 

10 

V/mV 
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ELECTRICAL  CHARACTERISTICS  at  Vccfrom  ±5V  to  +20V;  source  resistance  =  50  ohm;  ambient  temperature  range  = 
-55°C  to  +125°C  and  figure  1,  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

01  LIMITS 

MIN  MAX 

04  LIMITS 

MIN  MAX 

UNITS 

Transient  Response 
Rise  Time 

™<trl 

± Vcc  =  ±1SV,  RL  =  2kn,  Av  =  1 
CL  =  lOOpF,  See  Figure  2 
ViN  =  50mV 

-  150 

—  150 

ns 

Transient  Response 
Overshoot 

TR(0»I 

±  Vcc  =  ±  1SV,  RL  =  2kft  Av  =  1 
CL  =  100pF,  See  Figure  2 
V,N  =  S0mV 

-  40 

—  40 

% 

Slew  Rale 

SR(+) 
and 

SR(-) 

V|N  =  ±SV,±VCC  =  ±1SV 
Av=  1,  See  Figure 2 
TA  =  2S°C 

TA  =  -55°C, +125-C 

2  — 
1  — 

3  — 
1.5  - 

V/ps 

Settling  Time 

ts(+) 

and 

ts(-) 

±vCC  =  ±1SV(0.1%error| 
TA  =  25°C,  Av  =  -1 
See  Figure  3 

—  4000 

-  4000 

ns 

Noise  (Referred  to  Input) 
Broadband 

N,(BBI 

±VCC=±20V,TA=25°C 
Bandwidth  =  5kHi 

-  10 

—  10 

Noise  I  Referred  to  Input) 
Popcorn 

N,(PC) 

±VCC  =  ±20V,TA  =  25»C 
Bandwidth  =  SkHz 

—  80 

—  80 

NOTES: 

1.  Bias  currents  are  actually  junction  leakage  currents  which  double 
(approximately)  for  each  10°C  increase  In  junction  temperature  T|. 
Measurement  of  bias  current  Is  specified  at  T|  rather  than  T*  since  normal 
warm-up  thermal  transients  will  affect  the  blascurrents.  The  measurements 
for  bias  currents  must  be  made  within  25ms  or  5  loop  time  constants  alter 
power  Is  first  applied  to  the  device  lor  test.  Measurement  at  TA  =  -55° C  is 
not  necessary  since  expected  values  are  too  small  for  typical  test  systems. 

2.  Bias  current  is  sensitive  to  power  supply  voltage,  common-mode  voltage 
and  temperature  as  shown  by  the  following  typical  curves: 


U4 


3.  Negative  lIB  minimum  limits  reflect  the  characteristics  of  device  with  bias 
current  compensation. 

4.  CMR  is  calculated  from  Vro  measurements  at  Vcu  =  +15V  and  -15V. 

5.  Continuous  limits  shall  be  considerably  lower.  Protection  tor  shorts  to 
either  supply  exists  providing  that  Tj(max)  £  175°C. 

6.  Because  of  thermal  feedback  effects  from  output  to  Input,  open-loop  gain 
is  not  guaranteed  to  be  linear  or  positive  over  the  operating  range.  These 
requirements,  if  needed,  should  be  specified  by  the  user  in  additional 
procurement  documents. 


I 
o 

I— 1 

S 

PL) 
Ph 

O 


CASE  OUTLINE 

Per  MIL-M-38510,  Appendix  C,  Case  Outline  A-1  (8  Lead 
Can),  Package  Type  Designator  "G";  and  Appendix  C,  Case 
Outline  D-4  (8  Lead  Dual-in-Line)  Package  Type  Designator  "F". 


POWER  AND  THERMAL  CHARACTERISTICS 


PIN  CONNECTIONS 


Package 

Case  outline 

Maximum  allowable  MaximumMaxImum 
power  dissipation     6J—C  0J— A 

8  Lead  Can 

(TO-99) 

G 

330mWatTA=125aC  40-C/W  150-C/W 

6  Lead  Hermetic  OIP 
(Dual-in-Line/ 

P 

417mWatTA=125°C  50"C/W  120"C/W 

BAL  fT    tf^  7]  N.C 

-'"[I-pN.  TJv. 

♦in  [T  3  0UT 

v-  lL  Zl  BAL 


8-PIN  HERMETIC  DIP 
TIN-REFLOW  LEAD  TYPE 
(Z2-Sullix) 

SOLDER-DIPPED 
LEAD  TYPE 
(ZS-Suffix) 


TO-99 

GOLD-PLATE  LEAD  TYPE 
(J1-Sullix) 

SOLDER-DIPPED 
LEAD  TYPE 
(JS-Sufflx) 
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ELECTRICAL  CHARACTERISTICS  at  Vcc  from  ±SV  to  ±20V;  source  resistance  =  50  ohm;  ambient  temperature  range  = 
-55° C  to  +125°C  and  figure  1 ,  unless  otherwise  noted. 


02  LIMITS 

05  LIMITS 

rnlUUMC  lEri 

SYMBOL 

CONDrtTONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Input  Offset 
Voltage 

vIO 

±VCC=±5V.VCM  =  0V 

TA=25"C 

±Vcc=  i20V 

CM  —  —  oil  vi 
-55°C  £  TA  <  +  125°C 

-5 
-7 

5 
7 

_2 

-2.5 

2 
2.5 

mV 

Input  Offset  Voltage 
Temperature  Sensitivity 

AVI0 
AT 

+Vcc  =  ±20V 
Vc«  =  0V 

-30 

30 

-10 

10 

(jV/°C 

±VCC=±20V.VCU  =  0V. 

Input  Offset  Current 

'lO 

T,  =  25«C 

-20 

20 

-20 

20 

PA 

T,=  125°C 

-20 

20 

-20 

20 

nA 

±VCC  =  ±20V,VCU  =  +15V 

Tj  =  25-C 

-100 

3500 

-100 

3500 

PA 

IS  25ms       Tj  =  125"C 

-10 

60 

-10 

60 

nA 

+  I|B 

±VCC=±15V.VCM  =  +10V 

Input  Bias  Current 

T|  =  25°C 

-100 

300 

-100 

300 

PA 

(Note  1) 

'IB 

t  £  25ms        Tj  =  125°C 

-10 

50 

-10 

50 

nA 

(Note  2) 

±Vcc  =  ±20V,  -15V  £  Vcu  S  OV 

(Note  3) 

T,  =  25°C 

-100 

100 

-100 

100 

PA 

t<25ms       T(  =  125*C 

-10 

50 

-10 

50 

nA 

Power  Supply 
Rejection  Ratio 

+PSRR 
-PSRR 

+ Vco  =  10V.  -  Vcc  =  -20V 
+VCC=20V.-VCC  =  -10V 

85 

— 

85 

— 

dB 

Input  Voltage  Common-Mode 
Rejection  (Note  4) 

CMR 

±  Vcc  n  ±20V 
VIN=±15V 

85 



85 



dB 

Adjustment  for 

'10  *™,»«lTl 

±Vqc=  ±20V 

+8 

— 

+8 

— 

mV 

Input  Offset  Voltage 

Vi#\  ADJM 

+ Vqc  =  ±20V 

— 

-8 

— 

-8 

Output  Short-Circuit  Current 
(for  Positive  Output)  (Note  5) 

tOS(+l 

±Vcc=±15V 
t  S  25ms 

(Short  Circuit  to  Ground) 

-50 

-50 

mA 

Output  Short-Circuit  Current 

±Vcc  =  ±15V 

(for  Negative  Output) 

'osi-i 

t<25ms 

50 

SO 

mA 

(Note  S) 

(Short  Circuit  to  Ground) 

TA  =  -55"C 

11 

11 

Supply  Current 

Ice 

±  Vcc  =  ±'SV,  TA  =  +25-C 

7 

7 

mA 

TA=+125"C 

7 

7 

Output  Voltage  Swing 

±VCC=±20V,  RL=10kn 

±16 

±16 

(Maximum) 

V0P 

±Vcc=±20V,RL  =  2kn 

±15 

±15 

V 

Open-Loop  Voltage  Gain 
(Single  Ended)  (Note  6) 

AVSIt) 
AVSI-| 

±VCC=±20V,VOUT  =  ±15V 

RL=2kn.TA=25'C 

-55"C£TA<+125°C 

50 
25 

50 
25 

WmV 

Open-Loop  Voltage  Gain 
'  (Single  Ended)  (Note  6) 

AVS 

±VCC  =  ±5V 
RL  =  2kfl 
Vout  =  ±2V 

10 

10 

V/mV 

Rise  Time 

THItrl 

±Vcc=+15V.RL=2kn,  Av=  1 
CL  =  100pF,  See  Figure  2 

"in  aumv 

— 

100 

— 

100 

ns 

Transient  Response 
Overshoot 

+VCC=±15V,  Rt=  2kn,  Av=  1 
CL=  lOOpF,  See  Figure  2 
V,N  =  50mV 

40 

40 

% 

Slew  Rate 

SR(+) 

and 

SR(-) 

V|N  =  ±5V,±Vcc  =  ±15V 
Av=  1.  See  Figure  2 
TA  =  25«C 

7.5 

10 

V/fiS 

TA  =  -S5«C.+125'C 

5 

7 

ts(+) 

±VCC  =  ±  15V  (0.1%  error) 

Settling  Time 

and 

ts(-) 

TA  =  25'"C.  Av=-1 
See  Figure  3 

1500 

1500 

ns 
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ELECTRICAL  CHARACTERISTICS  at  Vcc  from  +5V  to  ±20V;  source  resistance  =  50  ohm;  ambient  temperature  range = 
-55°C  to  +125°C  and  figure  1,  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

02  LIMITS 

MIN  MAX 

OS  LIMITS 
MIN  MAX 

UNITS 

Noise  (Referred  to  Input) 
Broadband 

N|(BB) 

±VCC  =  ±20V,TA'=25,C 
Bandwidth  =  5kHz 

-  10 

—  10 

Pvtm» 

Noise  (Referred  to  Input) 
Popcorn 

N,(PC) 

±Vcc=±aOV,TA  =  2S'C 
Bandwidth  ■>  SkHz 

-  80 

—  80 

NOTES: 

1.  Bias  currents  are  actually  junction  leakage  currents  which  double 
(approximately)  for  each  10°C  increase  In  junction  temperature  Tj. 
Measurement  of  bias  current  Is  specified  at  Tj  rather  than  TA,  since  normal 
warm-up  thermal  transients  will  affectthe  bias  currents.  The  measurements 
for  bias  currents  must  be  made  within  25ms  or  5  loop  time  constants  alter 
power  Is  first  applied  to  the  device  (or  test.  Measurement  at  TA = -SS*C  is 
not  necessary  since  expected  values  ere  too  small  (or  typical  test  systems. 

2.  Bias  current  Is  sensitive  to  power  supply  voltage,  common-mode  voltage 
and  temperature  as  shown  by  the  following  typical  curves: 


/«vcc  ■ 


3.  Negative  lIB  minimum  limits  reflect  the  characteristics  ol  device  with  bias 
current  compensation. 

4.  CMR  is  calculated  from  Vl0  measurements  at  V*cm  ~  +15V  and  -1SV. 

5.  Continuous  limits  shall  be  considerably  lower.  Protection  for  shorts  to 
either  supply  exists  providing  that  Tj(max)  £  17S°C. 

6.  Because  of  thermal  feedback  effects  from  output  to  input,  open-loop  gain 
Is  not  guaranteed  to  be  linear  or  positive  over  the  operating  range.  These 
requirements.  If  needed,  should  be  specified  by  the  user  In  additional 
procurement  documents. 


ORDERING  INFORMATION 


JAN  SLASH  SHEET 

PMI  DEVICE 

JAN  SLASH  SHEET 

PMI  DEVICE 

JM38510/11401B6C 
JM3B510/11401BGA 
JM38510/114O1BPB 
JM38510/11401BPA 

PM1S5J1/38510 
PM155JS/38510 
PM15SZ2/38510 
PM155Z5/38510 

JM38510/1140SBGC 
JM38S10/11405BGA 
JM38510/1140SBPB 
JM38510/11405BPA 

PM1S6AJ1/38510 
PM1S6AJ5/38510 
PM156AZ2/38S10 
PM1S6AZ5/38S10 

JM38510/11404BGC 
JM38510/11404BGA 
JM3B510/1M04BPB 
JM3B510/11404BPA 

PM155AJ1/38510 
PM155AJS/3B510 
PM155AZ2/38510 
PM155AZ5/38510 

JM38510/11403BGC 
JM38510711403BGA 
JM38510/11403BPB 
JM38S10/11403BPA 

PM157J1/38S10 
PM157J5/38510 
PM157Z2/38510 
PM157Z5/38510 

JM38S10/11402BGC 
JM3B510/11402BGA 
JM3BS10/11402BPB 
JM38510/11402BPA 

PM156J1/38S10 
PM156J5/3B510 
PM156Z2/3B510 
PM1S6Z5738S10 

JM38510/11406BGC 
JM38510/11406BGA 
JM38510/11406BPB 
JM38510/11406BPA 

PM157AJ1/38510 
PM157AJS/38510 
PM157AZ2/38510 
PM1S7AZS/3B510 
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ELECTRICAL  CHARACTERISTICS  at  Vcc  from  ±5V  to  ±20V;  source  resistance  =  50  ohm;  ambient  temperature  range = 
-55° C  to  +125°C  and  figure  1,  unless  otherwise  noted. 


03  LIMITS  06  LIMITS 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Input  Off  sot 
Voltage 

Vio 

±Vcc  =  ±5V.VCm  =  0V 

TA=25"C 

±VCC=±20V 

VCM  =  ±15V.0V 

-55»CSTA<+125°C 

-5 
-7 

5 
7 

-2 
-2.5 

2 

2.5 

mV 

Input  Offset  Voltage 
Temperature  Sensitivity 

AVto 
AT 

+Vrj-  =  ±20V 
Vcu  =  0V 

-30 

30 

-10 

10 

*<WC 

±  Vcc  =  ±2uV-  VCM  ~  ov. 

Input  Offset  Current 

ho 

T|  =  25°C 

-20 

20 

-20 

20 

pA 

Tj  =  125°C 

-20 

20 

-20 

20 

nA 

—  VCC~  —        "CM — MOV 

T,  =  25»C 

-100 

3500 

-100 

3500 

PA 

t£25ms  T|=125°C 

-10 

60 

-10 

60 

nA 

+  I(B 

±VCC=±15V,VCM  =  +10V 

Input  Bias  Current 

Tj  =  25«C 

-100 

300 

-100 

300 

PA 

(NotoD 

-l|B 

tS2Sms  T|=125»C 

-10 

50 

-10 

50 

nA 

(Note  2) 

±  Vcc  =  ±20V.  -15V  <  Vcm  £  0V 

(Note  3) 

^  =  25*0 

-100 

100 

-100 

IX 

pA 

. 

t  £  2Sms       Tj  =  125*C 

-10 

50 

-10 

50 

nA 

Powor  Supply 

+PSRR 
—  PSRR 

+ Vcc  ~  '^v.   "cc  20V 

xvcc  —  *UV,    'CC  luv 

85 

— 

85 

— 

dB 

Input  Voltage  Common-Mode 
nejecuon  (note  hj 

CMR 

±VCC  =  ±20V 
V!N=±15V 

85 

_ 

85 



dB 

Adjustment  for 

V,0ADJ(+) 

±VOC  =  ±20V 

+8 

— 

+8 

— 

mV 

Input  Otfset  Voltage 

V|0ADJ(-) 

±Vcc  =  ±20V 

— 

-8 

— 

-8 

Output  Short-Clrcult  Currant 
(tor  Positive  Output)  (Note  5) 

'osi+i 

±VC0  =  ±15V 
t-S25ms 

(Short  Circuit  to  Ground) 

-50 

-50 

mA 

Output  Short-Circuit  Current 

±VCC  =  ±15V 

(for  Negative  Output) 

'osi-i 

t<25ms 

50 

50 

mA 

(Note  5) 

(Short  Circuit  to  Ground) 

TA  =  -55»C 

11 

11 

Supply  Current 

'cc 

-  VCQ  =  ±15V.  TA  =  +25"C 

7 

7 

mA 

TA  =  +125"C 

7 

7 

Output  Voltage  Swing 

±Vcc=±20V,  RL=10kn 

±16 

±16 

(Maximum) 

V0P 

±VCC  =  ±20V.  RL  =  2kn 

±15 

±15  ' 

V 

Open-Loop  Voltage  Gain 
(Single  Ended)  (Note  6) 

AvS(+) 
AVS(-> 

±Vcc  =  ±20V.VOUT  =  ±15V 
HL  =  2kn.TA=25°C 
-55»C<TA<+125»C 

50 
25 

so 

25 

WmV 

Open-Loop  Voltage  Gain  ' 
(Single  Ended)  (Note  6) 

Avs 

±Vcc=±5V 
RL  =  2kn 
V0UT  =  ±2V 

10 

10 

V/mV 
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ELECTRICAL  CHARACTERISTICS  at  Vcc  from  ±5V  to  ±20V;  source  resistance  =  50  ohm;  ambient  temperature  range  = 
-55° C  to  +  125° C  and  figure  1,  unless  otherwise  noted.  (Continued) 


03  LIMITS 

08  LIMITS 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN        MAX  ■ 

MIN  MAX 

UNITS 

Transient  Response 
Rise  Time 

TR(tr) 

± Vcc  =  ±  1SV.  RL  =  2kfl,  A„  =  5 
CL  =  100pF.  See  Figure  2 
Vin  =  50mV 

-  450 

—  450 

ns 

Transient  Response 
Overshoot 

TR(OSI 

+VCC  =  ±15V.  RL  =  2kn,  A„=5 
CL=  100pF.  See  Figure  2 
V,N  =  50mV 

—  25 

—  25 

% 

Slew  Rate 

SR(+) 

and 

SR(-) 

V,N  =  ±1V.±VCC  =  ±1SV 
AV  =  S,  See  Figure  2 
TA=2S°C 
TA=-5S°C.+12S*C 

30  — 
20  — 

40  — 

25    '  - 

W|1S 

ts(+) 

±  Vcc  =  ±  1SV  (0.1%  errorl 

Settling  Time 

and 

ts(-) 

TA=25"C,  Av=-5 
See  Figure  3 

-  800 

-  800 

ns 

Noise  (Referred  to  Input) 
Broadband 

N|(BB) 

±V0C  =  ±20V,TA=25'C 
Bandwidth  =  SkHz 

—  10 

—  10 

Noise  (Referred  to  Input) 
Popcorn 

N|(PC) 

±V0C  =  ±20V,TA=25,'C 
Bandwidth  =  5kHz 

—  80 

-  80 

mVp„ 

NOTES: 

1.  Btas  currents  are  actually  junction  leakage  currents  which  double 
(approximately)  for  each  10°C  increase  En  junction  temperature  T,. 
Measurement  of  bias  current  is  specified  at  Tj  rather  than  T*.  since  normal 
warm-up  thermal  transients  will  affect  the  bias  currents.  The  measurements 
for  bias  currents  must  be  made  within  25ms  or  S  loop  tlmeconstants  after 
power  is  first  applied  to  the  device  for  test.  Measurement  at  TA  =  -55*C  is 
not  necessary  since  expected  values  are  too  small  for  typical  test  systems. 

2.  Bias  current  Is  sensitive  to  power  supply  voltage,  common-mode  voltage 
and  temperature  as  shown  by  the  following  typical  curves: 


HB(pA)' 

400  - 
200  -f- 


100  -  - 

10  -  - 

I  -- 


50      75  100 


-  TaPCI 


3.  Negative  lIB  minimum  limits  reflect  the  characteristics  of  device  with  bias 
current  compensation. 

4.  CMR  is  calculated  from  V|0  measurements  at  VCM  =  +1SV  and  -15V. 

5.  Continuous  limits  shall  be  considerably  lower.  Protection  for  shorts  to 
either  supply  exists  providing  that  Tjlmax)  <  175°C. 

6.  Because  of  thermal  feedback  effects  from  output  to  input,  open-loop  gain 
is  not  guaranteed  to  be  linear  or  positive  over  the  operating  range.  These 
requirements.  II  needed,  should  be  specified  by  the  user  in  additional 
procurement  documents. 
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-H(- 


XL 


D 


O 


NOTES: 


All  resistors  are  ±0.1%  tolerance  and  all  capacitors  are  ±10% 
tolerance,  unless  otherwise  specified. 

Precautions  shall  bo  taken  to  prevent  damage  to  the  D.U.T.  during 
Insertion  Into  socket  and  change  of  state  of  relays  (I.e.  disable 
voltage  supplies,  current  limit  ±Vc&  sic). 
Compensation  capacitors  should  be  added  as  required  for  test 
circuit  stability.  Two  general  methods  for  stability  compensation 
exist  One  method  Is  with  a  capacitor  for  nulling  amp  feedback.  The 
other  method  is  with  a  capacitor  In  parallel  with  the  49.9kfl  closed- 
loop  feedback  resistor.  Both  methods  should  not  be  used  simul- 
taneously. Proper  wiring  procedures  shall  be  followed  to  prevent 
unwanted  coupling  and  oscillations,  etc.  Loop  response  and 


settling  time  shall  be  consistent  with  the  test  rate  such  that  any 
value  has  settled  for  at  least  five  loop  time  constants  before  the 
value  Is  measured. 

4.  Adequate  settling  time  should  be  allowed  such  that  each  parameter 
has  settled  to  within  5%  of  Its  final  value. 

5.  All  relays  are  shown  In  the  normal  de-energized  state. 

8.  The  nulling  amplifier  shall  be  a  M3S510/10101XXX.  Saturation  of  the 
nulling  amplifier  Is  not  allowed  on  tests  where  the  E  (Pin  5)  value  Is 
measured. 

7.  The  load  resistors  2050n  and  11.  Ikn  yield  effective  load  resistances 
of  2kfl  and  10kn  respectively. 

8.  Any  oscillation  greater  than  300mV  in  amplitude  (peak-to-peak) 
shall  be  cause  for  device  failure. 


Figure  1.  Test  Circuit  tor  Static  Tests 


5-464 


8/87,  Rev.  A1 


JM38510A1401/11402/11403/11404/1140S/11406  JAN  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


WAVEFORM  1 
(TRANSIENT  RESPONSE) 


NOTES: 

1 .  Resistors  are  + 1 .0%  tolerance  and  capacitors  are  ±  10%  tolerance. 

2.  Thiscapacitance  includes  the  actual  measured  value  with  stray  and 
wire  capacitance. 

3.  Precautions  shall  be  taken  to  prevent  damage  to  the  O.U.T.  during 
Insertion  into  socket  and  In  applying  power. 


\    4  111 

iVoM 

A  VOI-) 

f  6IW 

WAVEFORM  2 
(POSITIVE  SLEW  RATE) 


WAVEFORM  3 
(NEGATIVE  SLEW  RATEI 


PARAMETER 
SYMBOL 

DEVICE 
TYPE 

input  pulse 
signal  at 

l,S50n» 

OUTPUT 
PULSE 
SIGNAL 

EQUATION 

TH  (trl 

ALL 

+50mV 

WAVEFORM  1 

TR|trl  = 

4t 

TB  (Osl 

ALL 

+50mV 

WAVEFORM  1 

TR  (Osl 

■>  100  UV0/V0)  % 

SRl+l 

0).  02. 04. 05 
03.06 

-5VIO+5VSTEP 
-IVto  +  lVSTEP 

WAVEFORM  2 
WAVEFORM  2 

SR(+I  = 

JV0(+)/Jt(+) 

SR<-> 

01.  02.  04.-05 
03,06 

+SV 10  -5V  STEP 
-IV  to  +  1V  STEP 

WAVEFORM  3 
WAVEFORM  3 

SRI-)  = 

iV0(-l/it(-l 

Figure  2.  Test  Circuit  for  Transient  Response  and  Slew  Rate. 
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JM38S10/11401/11402/11403/11404/11405/11406  JAN  JFET-INPUT  OPERATIONAL  AMPLIFIERS 


(l)  <Vcc  -  15V 


©  -Vcc  •  -15V 


NOTES: 

1.  Resistors  are  ±1.0%  and  capacitors  are  ±10%,  unless  otherwise 
specified. 

2.  Precaution  shall  be  taken  to  prevent  damage  to  the  D.U.T.  during 
insertion  into  socket  and  In  applying  power. 

3.  FordevicetypesOl, 02,04  andOS.SI  Isopen,  Av=-1and  V,N=10V. 

4.  For  device  types  03  and  08,  S1  iaclosed,  Av=-5andVlN=2V. 

5.  Settling  time,  ts  measured  on  Pin  5,  Is  the  Interval  during  which  the 
summing  node  is  not  nulled  within  the  specified  accuracy  referred 
to  the  output. 


Figure  3.  Test  Circuit  tor  Settling  Time 


BURN-IN 

Devices  supplied  by  PMI  have  been  subjected  to  burn-in  per 
Method  1015  of  MIL-STD-883  using  test  condition  C  with 
circuit  shown  on  Figure  4  or  test  condition  F  using  circuit 
shown  on  Figure  5. 


Figure  4.  Test  Circuit,  Burn-In  (Steady-State  Power  and 
Reverse  Bias)  and  Operating  Life  Test 


Figure  5.  Accelerated  Burn-In  and  Lite  Test  Circuit 
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PMi) 


l'reeisiim  Mmiolithics  Inc. 


TM38510/13501/13502 

ULTRA-LOW  OFFSET  VOLTAGE 
OPERATIONAL  AMPLIFIERS 


FEATURES 

•  LowVqs  SBfiV 

•  Low  Vqs  Drift  0.6*iV/°C 

•  Low  Noise  0.6/iVp.p 

•  Wide  Supply  Voltage  Range  ±4.SV  to  ±20V 

ORDERING  INFORMATION  

JAN  SLASH  SHEET  PMI  DEVICE 

JM3BS10/13501BGC  OP07AJ1/38510 
JM3B510/13501BGA  OP07AJ5/38510 

JM38510/13501BPB  OP07AZ2/38S10 
JM38510/13501BPA  OP07AZS/38510 

JM38510/13502BGC  OP07  J 1/38510 

JM38510/13S02BGA  OP07J5/38510 

JM38510/13502BPB  OP07Z2/38S10 
JM38510/13502BPA  OP07ZS/38510 


GENERAL  DESCRIPTION 

This  data  sheet  covers  the  electrical  requirements  for  a  mono- 
lithic, low  offset  voltage,  internally-compensated  operational 
amplifier  as  specified  in  M I L-M-38510/135  for  device  type  01  and 
02.  Devices  supplied  to  this  data  sheet  are  manufactured  and 
tested  at  PMI's  MIL-M-38510  certified  facility  and  are  listed  in 
QPL-38510. 

Complete  device  requirements  will  be  found  in  MIL-M-38510 
and  MIL-M-38510/135  for  Class  B  processed  devices. 


GENERIC  CROSS-REFERENCE  INFORMATION 

This  cross-reference  information  is  presented  for  the  con- 
venience of  the  user.  The  generic-industry  types  listed  may  not 


have  identical  operational  performance  characteristics  across 
the  military  temperature  range  or  reliability  factors  equivalent  to 
the  MIL-M-38510  device. 


MILITARY  DEVICE  TYPE 


GENERIC-INDUSTRY  TYPE 


01 


OP07A 


02 


OP07 


For  an  833-processed  device  with  improved  electrical  speci- 
fications, review  the  OP-07  data  sheet. 


PIN  CONNECTIONS 


a  VOS  TRIM 

VoSTRIMfT 

• 

TJVOSTRIM 

VOS  TRIM  1   >vL     j  v* 

-im(T 

T]v+ 
T"]out 

-ttilO — 1  O60UT 

v-E 

JJ  NjC. 

8-PIN  HERMETIC  DIP 

•  V-  (CASE) 

TIN-REFLOW  LEAD  TYPE 

TO-99 

(Z2-Sutfix) 

GOLD-PLATE  LEAD  TYPE 

SOLDER-DIPPED 

(J1-Sufflx) 

LEAD  TYPE 

SOLDER-DIPPED  LEAD  TYPE 

(Z5-Sufflx) 

(J5-SuHiX) 

POWER  AND  THERMAL  CHARACTERISTICS 


Case 

Outline  Package 


Maximum  Allowable  Maximum  Maximum 
Power  Dissipation       8JC  eJ» 


P  Dual-ln-Line  208mW  @  TA  =  125°C  SCC/W  120°C/W 
G      8-LeadCAN  167mW  @  TA  =  12S"C  40°C/W  150°C/W 


»— . 
3 

Oh 


1 

o 

S 

s 


SIMPLIFIED  SCHEMATIC 


•NOTE: 

R2A  AND  fl»  ARE 
ELECTRONICALLY 
ADJUSTED  ON  CHIP 
AT  FACTOR  V. 


5-467 


8/87,  Rev.  A2 


JM38510/13501/13502  ULTRA-LOW  OFFSET  VOLTAGE  OPERATIONAL  AMPLIFIERS 


ELECTRICAL  CHARACTERISTICS  at  ±4.5V  <  VCc£  ±20V  and  -55°C  <  TA<  125°C,  Rs = 50n  unnulled.  unless  otherwise  noted. 
(Continued) 


01  LIMITS 

'  02  LIMITS 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Common-Mode  Rejection  Ratio 

VCM  =  ±13V.  TA  =  25'C.  Vcc  =  ±15V 

110 

110 

CMRR 

VCM    -  ,dV-  VCC    —  "» 

106 

106 

  dB 

Adjustment  for  Input  Offset 

V..  Arii  f+i 

T.  =  9*%°C:  /Note  \  \ 

0.5 

0.5 

V.«.Adi  M 

jA  —  25°C  (Note  1 ) 

-0.5 

-0.5 

  mV 

Output  Short-Circuit  Current 

J0S(*) 

1<25ms  (Notes  1,3) 

-65 

" 

-65 

— 

■osh 

t<  25ms  (Notes  1,3) 

— 

65 

- 

65 

  mA 

Supply  Current 

'cc 

T*  =  25'C  (No,e1, 

—  - 
- 

4 
5 

_ 
- 

4 

5 

mA 

Output  Voltage  Swing  {Minimum)  , 

RL=  Ikli.  (Note  1) 

-10 

10 

-10 

10 

Vqp 

RL=2kn.  (Notel) 

-12 

12 

-12 

12 

—  V 

Open  Loop  Voltage  Gain 
(Single-Ended) 

AVS 

,  *          (Notes  1,2) 

300 
200 

200 
150 

V/mV 

Slew  Rate 

SR(+).  SR(-) 

VCN  -  10V.  TA  =  25»C.  (Note  1 ) 

.08 

.08 

V/|iS 

f0  =  10Hz 

18 

16 

Input  Noise  Voltage  Density 

en 

!0  =  100Hz.       TA=25'C  (Nolel) 

14 

14 

nV/v/ST 

l0=1kH2 

12 

12 

Low  Frequency  Input  Noise 
Voltage 

enp-p 

1  =  0.1HZ  10  10Hz.  TA»  25'C.  (Note  1) 

0.6 

0.6 

NOTES: 

1.  Tested  at  VCM  =  0,VCC  =  ±15V. 

2-  Vqut = 0  to  +  10V  lor  Avs(+>  and  VouT  =  0  to  -  10V  lor  AV5(-).  RL  =  2.00011. 
3.  Continuous  short-circuit  limits  are  considerably' less  than  the  indicated 
test  limits,  since  maximum  power  dissipation  cannot  be  exceeded. 
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 |PJ^JJ^  ■'M3B510/13501/13502  ULTRA-LOW  OFFSET  VOLTAGE  OPERATIONAL  AMPLIFIERS  

ABSOLUTE  MAXIMUM  RATINGS  RECOMMENDED  OPERATING  CONDITIONS 

Supply  Voltage  (Vcc)  ±22V       Supply  Voltage  Range  ±4.5V  to  ±20V 

Input  Voltage  Range  (VIN)  .;.  ±Vcc       Ambient  Temperature  Range  -55"Cto+125°C 

Differential  Input  Voltage  Range  ±30V 

Output  Short-Circuit  Duration  (Note  1 ) 

Lead  Temperature  (Soldering,  60  sec)  +300°C 

Storage  Temperature  Range  .-65°C  to  +150"C 

Junction  Temperature  (Tj)  +150°C 

Maximum  Power  Dissipation  (P0)  (Note  2)   SOOmW 

NOTES: 

1.  Output  may  be  shorted  to  ground  Indefinitely  at  Vs  =  ±15V,  TA  =  25*C. 
Temperature  and/or  supply  voltages  must  be  limited  to  ensure  dissipation 
rating  Is  not  exceeded. 

2.  Maximum  power  dissipation  versus  ambient  temperature. 

ELECTRICAL  CHARACTERISTICS  at  ±4.SV  <  Vcc<  ±20V  and  -55°C  <  TA<  125°C,  Rs = SOU  unnulled,  unless  otherwise  noted. 

01  LIMITS  02  LIMITS 

PARAMETER  SYMBOL       CONDITIONS  MIN  .     MAX  MIN        MAX  UNITS 

T.  =  25''C  -25  25  -75  75 

Input  Offset  Vttttage  V1C)  *  (Notes  t.  2)  M  M  _2M         2M  „V 

Input  Olfset  Voltage  _06         M  _,3  ,3  mV/„c 

Temperature  Sensitivity 

■    '    >     ^=25°c<no.oi.  :l     ;  --ll 

Input  Bias  Current   '■   '  nA 

TA  =  2S»C    ,  .  -2  2  -3  3 

-'■B  (No,e1»  -4  4  -6  6 

T.  =  25°C  .  -2  2  -2.8  2.8 

Input  Offset  Current  ll0  "  (Notel)  _4  4  _6  5g  nA 

^        ♦Vee-iov-w-vcc.-w  I         ~  I  ~ 

.  TA  =  25  C  -   

-PSRR  ■        ;VCC=15V.-VCC  =  -20V.0-5V  _  _ 

Power  Supply  Rejection  Ratio      .        +PSRR         -f      ^  20V  to  5V, -Vqc  = -15V   20   20  ,A//V 

-PSRR  +Vcc=15V.-Vcc  =  -20Vto-5V  —  20  —  20 

VCc=±4.5Vto±20V  _,0  -  10 

PSRR  TA-25*C  

Vcc=±4.5Vto+20V  -  20  -  20 

NOTES: 

1.  Tested  at  Vc„  -  0,  V,^  =  ±15V. 

2.  Due  to  the  inherent  warm-up  drift,  testing  shall  occur  no  sooner  than  three 
(3)  minutes  after  application  of  power. 


2 

W 

I— I 

a, 

3 

a, 


i 

o 
o 
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pmi)  JM38510/13503 

LOW-NOISE  PRECISION 
OPERATIONAL  AMPLIFIER 


Precision  Monolithics  Inc. 


FEATURES 

•  LowVos   25„V 

•  Low  Vos  Drift  0.6m V/°C 

•  High  Speed   1.7V/ms 

•  Low  Noise  0.18/iVp.p 

•  High  Gain   1.0  Million 

•  Wide  Supply  Voltage  Range  ±4.5V  lo  ±  18V 

ORDERING  INFORMATION 


JAN  SLASH  SHEET 

PMI  DEVICE 

JM3B510/13503BGC 

OP27AJ 1/36510 

JM3B510/13503BGA 

OP27AJ5/38510 

JM36510/13503BPB 

OP27AZ2/3B510 

JM38510/13503BPA 

OP27AZ5/38510 

GENERAL  DESCRIPTION 

This  data  sheet  covers  the  electrical  requirements  (or  a  mono- 
li.thic,  low  offset  voltage,  internally-compensated  operational 
amplifier  as  specified  in  MIL-M-38510/135  for  device  type  03. 
Devices  supplied  to  this  data  sheet  are  manufactured  and 
tested  at  PMI's  MIL-M-38510  certified  facility  and  are  listed  in 
QPL-38510. 

Complete  device  requirements  will  be  found  in  MIL-M-38510 
and  MIL-M-38510/135  for  Class  B  processed  devices. 


GENERIC  CROSS-REFERENCE  INFORMATION 

This  cross-reference  information  is  presented  for  the  con- 
venience of  the  user.  The  generic-industry  types  listed  may  not 
have  identical  operational  performance  characteristics  across 


the  military  temperature  range  or  reliability  (actors  equivalent  to 
the  MIL-M-38510  device. 


MILITARY  DEVICE  TYPE 

GENERIC-INDUSTRY  TYPE 

03 

OP27A 

For  an  833-processed  device  with  improved  electrical  speci- 
fications, review  the  OP-27  data  sheet. 


PIN  CONNECTIONS 


1   VQS  TRIM 
Vas  TfllM  1  >*>L     T  y» 

V0S  TRIM  (T 

9 

T|  VqS  TRIM 

-in(T 

Tj  V* 

T]out 

-in  i  o — >             6 1  our 

v-E 

T]  N.C. 

»IN  I^^q^^S  N.C. 

4  V-  ICASEI 

8-PIN  HERMETIC  DIP 

TO-99 

TIN  REFLOW  LEAD  TYPE 

GOLD  PLATE  LEAD  TYPE 

(Z2-Suf(ix) 

(Jl-Suflix) 

SOLDER  DIPPED 

SOLDER  DIPPED 

LEAD  TYPE 

LEAD  TYPE 

(ZS-Suffix) 

(J5-Sufffx) 

POWER  AND  THERMAL  CHARACTERISTICS 


Case 

Outline  Package 


Maximum  Allowable  Maximum  Maximum 
Power  Dissipation        9JC  oJA 


P  Dual-ln-Line  208mW@TA=  125°C  50°C/W  120"C/W 
G      8-Lead  CAN   167mW  @  TA=  125°C    40°C/W  150°C/W 


SIMPLIFIED  SCHEMATIC 
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JM38510/13503  LOW-NOISE  PRECISION  OPERATIONAL  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage  (Vcc)  ±22V 

Input  Voltage  Range  ( V|N)   . .  ±  Vcc 

Differential  Input  Voltage  Range   ±0.7V 

Output  Short-Circuit  Duration  (Note  1 ) 

Lead  Temperature  (Soldering,  60  sec)   +300°C 

Storage  Temperature  Range  -65°C  to  +150°C 

Junction  Temperature  (Tj)  +150°C 

Maximum  Power  Dissipation  (PD)  (Note  2)    500mW 

NOTES: 


1.  Output  may  be  shorted  to  ground  indefinitely  at  Vs  =  ±  15V,  TA  =  25° C. 
Temperature  and/or  supply  voltages  must  be  Eimited  to  ensure  dissipation 
rating  is  not  exceeded. 

2.  Maximum  power  dissipation  versus  ambient  temperature. 


RECOMMENDED  OPERATING  CONDITIONS 

Supply  Voltage  Range  ±4.5V  to  ±18V 

Ambient  Temperature  Range   -55CC  to  +125°C 


ELECTRICAL  CHARACTERISTICS  at  ±4.5V  <  Vcc<  ±20V  and  -55X<TA<125°C,Rs=50nunnulled,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

03  LIMITS 
MtN  MAX 

UNITS 

Input  OHset  Voltage 

V,o 

T*=25°C  (Notes  1.2) 

-25 
-60 

25 
60 

»v 

Input  Offset  Voltage 
Temperature  Sensitivity 

•1V|0MT 

(Note  1) 

-0.6 

0.6 

(.WC 

Input  Bias  Current 

+  I|B 

T*=25°C<Note1) 

-40 
-60 

40 
60 

~'lB 

TA  =  25°C(Note1| 

-40 
-60 

40 
60 

—  nA 

Input  Offset  Current 

'ro 

TA  =  25°C(Notei) 

-35 
-50 

35 
50 

nA 

+PSRR 

+VCC  =  1BV  to  5V.  -Vcc  =  -15V 
TA=25"C 

10 

-PSRR 

+VCC  =  15V,  -V^;  =  _16V  10  "5V 
TA=25°C 

10 

Power  Supply  Rejection  Ratio 

+PSRR 

+VCC=  18VI0  5V,-VCC  =  -15V 

16 

j<V/V 

-PSRR 

+VCC  =  15V.  -Vcc  =  -18V  to  -5V 

16 

PSRR 

Vcc  =  ±4.5VIO±18V 
TA  =  25"C 

10 

Vcc=±4.5VIO±1BV 

16 

IX) 
Mi 

MM 

Gh 


I 

O 
O 


NOTES: 

1.  Tested  at  Vcm  =  0.  Vcc  =  ±  15V. 

2.  Oue  to  the  inherent  warm-up  drift,  testing  shall  occur  no  sooner  than  three 
(3)  minutes  after  application  of  power. 
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JM385WI3503  LOW-NOISE  PRECISION  OPERATIONAL  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  ±4.5V  <  VCc^  ±20V  and  -55°C  <  TA<  125°C.  Rs=  50n  unnulled,  unless  otherwise  noted. 
(Continued) 


03  LIMITS 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

MAX 

UNITS 

Common-Mode  Rejection  Ratio 

VCM  =  ±11 V.  TA  =  25°C.  Vcc  =  ±15V 

CMRR 

VCM  -  ±11 V.  Vcc  -  ±15V 

108 

  dB 

Adjustment  for  Input  Offset 

V|0  AO|  (+) 

1 A    A  C  INOte  1 ) 

0.5 

Vio  Adj  (-) 

1A  =  £0  (*.  iNoie  1} 

-0.5 

  mV 

Output  Short-Circuit  Current 

'os(+i 

t<25ms.  (Notes  1.3) 

-60 

- 

'OS(-) 

1<  25ms.  (Notes  1.3) 

- 

70 

Supply  Current 

Ice 

T»  =  25°C 
A          (Nole  1) 

- 

4 

5 

mA 

Output  voltage  Swing  (Minimum) 


RL  =  60011,  (Note  1) 

-10 

10 

v0P 

RL  =  2kfl.  (Nole  1) 

—11.5 

11.5 

  V 

Opftn  Loop  VoIt&QB  Gsin 
(Single-Ended) 

Avs 

T*=25*C(Note2) 

1000 
600 

- 

V/mV 

Stew  Rate 

SR(+).  Sfl(-) 

V,N  =  10V.  TA  =  25"C.  (Note  1) 

1.7 

V/(iS 

f0  =  10Hz 

5.5 

Input  Noise  voltage  Density 

«r 

f0  =  100Hz      TA  =  25*C.  (Nole  1) 
f0=  1kHz 

4.0 
3.8 

nV/v/Hz" 

Low  Frequency  Input  Noise 

1  =  0.1Hz  lo  10Hz 

0.18 

Voltage 

enp-P 

TA  =  25'C.  (Notel) 

l0  =  10Hz 

4.0 

Input  Noise  Current  Density 

f0  =  100Hz      TA  =  25°C.  (Nole  1 ) 
l0=  1kHz 

1.5 
0.8 

pA/v/Hz 

NOTES: 

1.  Tested  at  Vcj,  =  o.  Vcc  =  ± 15v- 

2.  V0UT = 0  to  +10V  lor  Avs(+)  and  Vqu,- = 0  to  -10V  for  Avs(-).  RL=  2,0001). 

3.  Continuous  short-circuit  limits  are  considerably  less  than  the  indicated 
test  limits,  since  maximum  power  dissipation  cannot  be  exceeded. 
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INSTRUMENTATION 
AMPLIFIERS 


Precision  Monolithics  Inc. 


INTRODUCTION 

An  instrumentation  amplifier  is  a  committed 
gain  block  that  amplifies  a  differential  input  vol- 
tage by  a  precisely  set  gain.  Voltages  common 
to  both  inputs  are  rejected.  Differential  gain  is 
set  by  one  or  two  external  resistors,  usually  over 
a  range  of  1  to  1000.  Instrumentation  amplifiers 
are  designed  to  have  very  high  input  impedance; 
this  assures  that  the  gain  will  not  be  affected  by 
signal-source  impedances  (Rs).  Input  bias  cur- 
rent must  be  low  to  minimize  input  offset  vol- 
tages due  to  Ib  x  Rs-  ln  tne  output  stage,  low 
output  impedance  keeps  the  output  voltage  from 
being  affected  by  the  load  impedance.  Instru- 
mentation amplifiers  employ  heavy  negative 
feedback  which  provides  excellent  gain  linearity 
even  at  high  gains. 

The  essential  characteristics  of  instrumentation 
amplifiers— high  input  impedance,  low  output 
impedance,  low  offset,  high  linearity,  stable 
gain,  and  ability  to  reject  common-mode 
inputs — make  them  very  useful  for  amplifying 
low-level  transducer  outputs.  Transducers  such 
as  thermocouples,  strain-gage  bridges,  biologi- 
cal probes,  and  current  shunts  produce  small 
differential  signals  superimposed  on  common- 
mode  bias  voltages.  In  addition,  common-mode 
ground  noise  is  usually  prevelant.  Instrumenta- 
tion amplifiers  are  gain  blocks  that  have  been 
optimized  for  preamplifying  low-level  transducer 
signals  in  the  presence  of  common-mode  noise. 

The  PMI  AMP-01  instrumentation  amplifier  has 
all  the  features  needed  for  use  in  high-accuracy 
data-acquisition  systems,  and  high-performance 
instruments,  including  a  wide  gain  range,  low 
noise  voltages,  and  16-bit  linearity. 

Unlike  conventional  instrumentation  amplifiers, 
the  AMP-01  has  high  output  drive  capability;  it 
can  supply  ±10V  at  ±50mA.  This  enhanced  out- 
put drive  capability  enables  the  AMP-01  to  drive 
unusually  large  capacitive  loads  without  en- 
countering stability  problems. 
Output  sense  and  reference  points  are  provided. 
The  AMP-01  is  unusually  versatile,  and  can  be 
connected  as  a  precision  current  source  or 
high-performance  op  amp  as  well  as  a  conven- 
tional instrumentation  amplifier. 


The  AMP-02  has  many  similarities  to  the  AMP-01 
in  terms  of  precision  and  accuracy,  but  is 
packaged  in  an  8-pin  mini-dip.  The  small  pack- 
age provides  significant  saving  in  board  space 
and  complexity.  Gain  is  set  with  a  single  exter- 
nal resistor.  With  its  laser-trimmed  input  offset 
voltage  of  less  than  50/uV,  external  offset  nulling 
is  generally  not  required,  however  a  reference  pin 
does  provide  a  means  of  zeroing  or  offsetting 
the  output  as  required.  The  AMP-02  has  a  laser- 
trimmed  gain  equation  accuracy  of  0.1%,  and  a 
gain  tempco  below  50ppm/°C. 

The  AMP-05  JFET  instrumentation  amplifier 
supports  high-speed  applications,  such  as 
analog-multiplexed  data  acquisition  and  fast 
analog  signal  processing.  The  design  offers  a 
15/us  maximum  settling-time  to  12  bits  at  gains 
up  to  1000,  with  14-bit  linearity.  The  AMP-05 
also  provides  on-board  circuits  for  guard 
driving,  which  maximizes  input  signal  speed, 
and  a  precision  current  source  for  transducer  or 
reference  excitation. 

DEFINITIONS 

Voltage  Offsets  —  Offset  at  the  output  of  an 
instrumentation  amplifier  consists  of  two  terms, 
a  gain-dependent  input-offset-voltage  and  a 
gain-independent  output-offset-voltage.  Total 
offset  is  the  sum  of  the  unity-gain-output-offset 
(Voos)  P|us  input-offset  (Vios)  multiplied  by  the 
gain  (Output  Offset  =  V0os  +  GVios)-  At  high 
gain,  the  input  offset  term  dominates.  For  the 
AMP-01  and  AMP-05,  both  input  and  output 
offsets  can  be  trimmed  externally  if  desired. 

Power  Supply  Rejection  —  Offset  changes  with 
variations  in  the  power  supply  voltages.  The 
ability  of  the  instrumentation  amplifier  to  reject 
fluctuation  in  power  supply  voltage  is  referred 
to  as  "power  supply  rejection".  It  varies  with 
gain  and  is  different  for  the  positive  and  nega- 
tive supplies.  The  offset  change  referred-to- 
input  (RTI)  is  usually  specified  in  dB  form.  For 
example,  a  PSR  of  100dB  at  a  gain  of  1000  would 
imply  an  input-offset-voltage  change  of  10^V- 
per-volt  of  power  supply  change.  The  output 
offset  change-per-volt  of  power-supply  change 
would  be  10mV.  PSR  in  the  specification  tables 
is  measured  at  DC. 
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Input  Bias  Current  — The  input  bias  currents 
are  currents  flowing  into  (or  out  of )  the  two 
inputs  of  the  amplifier.  The  value  given  in  the 
specification  table  is  the  maximum  current  into 
either  input.  Input  offset  current  is  the  differ- 
ence between  the  two  input  bias  currents. 

Input  Voltage  Range  —  The  linear  operating 
range  of  the  amplifier  is  referred  to  as  the  "input 
voltage  range".  When  operating  at  high  gains 
with  small  differential  inputs,  this  input  range  is 
the  common-mode  input  voitage  range. 

Common-Mode  Rejection  —  Common-mode 
rejection  (CMR)  specifies  the  amplifiers  ability 
to  reject  common-mode  inputs.  The  ratio  of 
change  in  output  voltage  to  a  change  in 
common-mode  input  voltage  is  the  common- 
mode  gain  (AVo/AVcm)-  The  ratio  of  differen- 
tial gain  (G)  to  common-mode  gain  (Aqm)  is 
defined  as  common-mode  rejection  ratio 
(CMRR).  The  CMR  is  conventionally  specified  in 
log  form;  CMR  =  20  logio  CMRR. 


Since  instrumentation  amplifiers  are  designed  to 
amplify  differential  signals  while  rejecting 
common-mode  inputs,  common-mode  gain 
stays  essentially  independent  of  gain  setting. 
Therefore,  CMRR  increases  almost  directly  with 
the  gain  setting. 

As  an  example,  consider  a  CMR  of  120dB  at  a 
gain  of  1000  with  a  common-mode  input  range 
of  ±10V.  The  120dB  of  CMR  implies  a  CMRR  of 
1000/Acm=  1,000,000,  or  a  common-mode  gain 
of  1/1000.  A  ±10V  common-mode  input  will 
cause  an  output  change  of  ±  10mV  for  this 
example  (CMR  =  120dB,  G  =  1000). 

Gain  Equation  Accuracy  —  Differential  gain  is 
given  as  a  function  of  one  or  two  external 
resistors.  The  specified  accuracy  limits  indicate 
the  accuracy  of  the  amplifier  given  an  exact 
ratio  of  gain  setting  resistors  Rs  and  Rq.  when 
two  resistors  are  used,  or  an  exact  value  of  Rq 
when  only  one  resistor  is  used. 


INSTRUMENTATION  AMPLIFIER  FUNCTIONAL  DIAGRAM 
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AMP- 01 
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PRECISION  INSTRUMENTATION  AMPLIFIER 


FEATURES  , 

•  .  Low  Offset  Voltage      50-iV  Max 

•  Very  Low  Offset  Voltage  Drift   0.3/iV/°CMax 

•  .  Low  Noise   0.12fiVp.p  (0.1  Hz  to  10Hz) 

•  Excellent  Output  Drive     +10Vat+50mA 

•  Capacltlve  Load  Stability    to1/iF 

•  Gain  Range   0.1  to  10,000 

•  Excellent  Linearity   16-Bit  atG  =  1000 

•  .  ffjgh  CMR,    12MB  Mln  (G  =  1000) 

•  Low  Bias  Current      4riA  Max 

•  May  be  Configured  as  a  Precision  Op-Amp 

•  Output-Stage  Thermal  Shutdown 


ORDERING  INFORMATION! 


PIN  CONNECTIONS 


PACKAGE 

OPERATING 

CERDIP 

PLASTIC 

TEMPERATURE 

18-PIN 

LCC 

20-PIN 

RANGE 

AMP01AX* 

MIL 

AMP01BX" 

AMP01BTC/883 

MIL 

AMP01EX 

IND 

AMP01FX 

IND 

AMPOIGStt 

COM 

'  For  devices  processed  in  total  compliance  to  MIL-STD-8B3,  add  /883  alter 

part  number.  Consult  factory  for  883  data  sheet. 
1  Bum-in  is  available  on  commercial  and  Industrial  temperature  range  parts  In 

cerdlp,  plastic  dip.  andTO-can  packages.  For  ordering  Information,  see  1888 

Data  Book,  Section  2. 
tt  For  availability,  and  burn-in  Information  on  SO  and  PLCC  packages, 

contact  your  local  sales  office. 


AMP-01BTC/883 
28-LEAD  LCC 
(TC-Suffix) 


RO(T 
N.C.  (T 

-m  rr 

VoosNUU-E 

VoojNULL  [T 
TEST  PIN*  [T 
SENSE  E 
REFERENCE  [T 
OUTPUT  (V 


N.C 
VoojNULL 


voos  "UU. 

N.C 


18-PIN  HERMETIC  DIP 
(X-Sutflx) 


t  s  S  S  I  S 
liJliilIlLJl2ll2ll?!l\ 

3  H  ViosNULL 

3  E 
3 

3  g 


3  E  ,vop 

TEST  PIN*  w]  |S  N.C. 

n)  [»  V* 

33  +IN 
33  Vim  NULL 
w]  V,0,NUU 

«!«• 

33  +v0P 

«]  v+ 

irj  v- 


20-PIN  SOL 
(S-Sufflx) 


'Maka  no  electrical  connection  to  thee©  pins.  , 


SIMPLIFIED  SCHEMATIC 
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Manufactured  under  the  following  U.S.  patents:  4,471,321  and  4,503,381. 
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GENERAL  DESCRIPTION 

The  AMP:01  is  a.  monolithic  instrumentation  amplifier 
designed  for  high-precision  data  acquisition  and  instrumen- 
tation applications.  The  design  combines  the  conventional 
features  of  an  instrumentation  amplifier  with  a  high-current 
output  stage.  The  output  remains  stable  with  high  capaci- 
tance loads  (ipF),  a  unique  ability  for  ah  instrumentation 
amplifier.  Consequently,  the  AMP-01  can  amplify  low-level 
signals  for  transmission  through  long  cables  without  requir- 
ing an  output  buffer.  The  output  stage  may  be  configured  as  a 
voltage  or  current  generator. 

Input  offset,  voltage  is  very  low  (20/tV)  which  generally 
eliminates  the  external  null  potentiometer.  Temperature 
changes  have  minimal  effect  on  offset;  TCVios  is  typically 
0.15*iV/°C.  Excellent  low-frequency  noise  performance  is 
achieved  with  a  minimal  compromise  on  input  protection. 
Bias  current  is  very  low,  less  than  10nA  over  the  military 
temperature  range.  High  common-mode  rejection  of  130dB, 
16-bit  linearity  at  a  gain  of  1000,  and  50mA  peak  output 
current  are  achievable  simultaneously.  This  combination 
takes  the  instrumentation  amplifier  one  step  further  towards 
the  ideal  amplifier. 

AC  performance  complements  the  superb  DC  specifications. 
The  AMP-01  slews  at  4.5V/uS  into  capacitive  loads  of  up  to 
15nF,  settles  In  50ps  to  0.01%  at  a  gain  of  1000,  and  boasts  a 
healthy  26MHz  gain-bandwidth  product.  These  features' 
make  the  AMP-01  ideal  for  high-speed  data-acquisition 
systems. 

Gain  is  set  by  the  ratio  of  two  external  resistors  over  a  range 
of  0.1  to  10,000.  A  very  low  gain-temperature-coefficient  of 
10ppm/°C  is  achievable  over  the  whole  gain  range.  Output 
voltage  swing  isguaranteed  with  three  load  resistances;  50(1, 
500O,  and  2kn.  Loaded  with  500O,  the  output  delivers  ±13.0V 
minimum.  A  thermal  shutdown  circuit  prevents  destruction 
of  the  output  transistors  during  overload  conditions. 

The  AMP-01  can  also  be  configured  as  a  high-performance 
operational  amplifier.  In  many  applications,  the  AMP-01  can 
be  used  in  place  of  op-amp/power-buffer  combinations. 

THEORY  OF  OPERATION 

An  instrumentation  amplifier,  unlike  an  op  amp,  requires 
precise  internal  feedback.  The  two  techniques  presently  in 
use  are  resistive  and  current  feedback. 

The  AMP-01  employs  the  current  feedback  approach  which 
has  significant  advantages  over  resistive  feedback.  Advan- 
tages of  current-feedback  are: 

a.  The  technique  yields  a  very  high  common-mode  rejec- 
tion ratio.  The  AMP-01  CMR  is  in  excess  of  13MB  at  a 
gain  of  1000. 

b.  The  gain  of  the  current  feedback  design  is  set  by  the 
ratio  of  two  external  resistors.  Using  external  resistors 
allows  any  practical  gain  to  be  set  with  high  precision 
and  very  low  gain  temperature  coefficient. 


c.  The  current-feedback  design  is  immune  to  CMR  degra- 
dation when  series  resistance  is  added  to  the  reference 
input.  A  small  (trimmable)  offset  change  results  from 
added  resistance,  e.g.  a  printed  circuit  track. 

The  AMP-01  utilizes  low-drift  thin-film  resistors  to  minimize 
output  offset  temperature  drift.  A  feedback  voltage-to-current 
converter  is  employed  having  high  linearity  and  low  noise, 
particularly  at  low  frequencies.  Parameter  shifts  during 
packaging  are  eliminated  by  a  post-assembly  trimming 
technique  which  electronically  adjusts  the  output  offset 

voltage.  . 

•     .  "i 

The  AMP-01  input  transistors  Q1  and  Q2  feed,  active  loads, 
yielding  stage  gain  in  excess  of  4000  (see  simplified 
schematic)  The  output  amplifier.  At,  is  a  two-stage  design 
having  a  gain  of  about  50,000  driving  a  100O  load.  Overall 
gain  of  2  x  108  yields  excellent  linearity,  even  at  high 
closed-loop  gains. 

Low  bias  current  is  achieved  by  using  ion-implanted  super- 
beta  transistors  combined  with  a  new  bias-current  cancella- 
tion system,  patents  applied  for.  Input  bias  current  remains 
below  10nA  over  the:  military  temperature  range,  -55s  C 
to  +125°  C. 

Superbeta  transistors  use  a  new  transistor  geometry  result- 
ing in  an  input  noise  of  only  5nV/VHz  at  G  =  1000.  Noise 
includes  contributions  from  the  gain-setting  resistor  and 
internal  overload-protection  resistor.  The  input  stage 
achieves  an  offset  voltage  drift  of  less  than  0.3jiV/°C 
(E  Grade). 

The  AMP-01  uses  a  unique  two-pole  compensation  scheme 
where  the  load  capacitance  is  incorporated  into  the  dominate 
pole.  Stable  operation  results  even  with  high  capacitance 
loads.  The  high  output  current  capability  (90mA  peak)  allows 
the  4.5Wps  slew-rate  to  be  maintained  with  load  capacitance 
as  high  as  15nF. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 


Supply  Voltage   ±18V 

Internal  Power  Dissipation  (Note  1)    500mW 

Common-Mode  Input  Voltage   Supply  Voltage 

Differential  Input  Voltage,  RQ  >  2kn  ±20V 

RQ<2kn  +10V 

Output  Short-Circuit  Duration   Indefinite 

Storage  Temperature  Range   -65°Cto+150',C 

Operating  Temperature  Range 

AMP-01A,  B    -55°Cto+125,,C 

AMP-01  E,  F    -25°Cto+85°C 

AMP-01  G    0°Cto+70oC 

Lead  Temperature  (Soldering,  60  sec)   300° C 

DICE  Junction  Temperature  (T|)    -65oCto+150oC 


MAXIMUM  AMBIENT        DERATE  ABOVE 
TEMPERATURE  FOR     MAXIMUM  AMBIENT 
PACKAGE  TYPE  RATING  TEMPERATURE 

16-Pin  Hermetic  DIP  (X>  100' C  IQmW/'C 

NOTES: 


1.  See  table  for  maximum  ambient  temperature  rating  and  derating  (actor. 

2.  Absolute  ratings  apply  to  both  DICE  and  packaged  parts,  unless  otherwise 
noted. 
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AMP-01  LOW-NOISE  PRECISION  INSTRUMENTATION  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  Rs  =  10kfl,  RL  =  2kn,  TA  =  25°  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

AMP-01  A 

TYP 

MAX 

MIN 

AMP-01  B 

TYP 

MAX 

UNITS 

OFFSET  VOLTAGE 

Input  Offset  Voltage 

V,os 

TA=2S"C 

-55°C<TA<+12S"C 

20 
40 

50 
80 

- 

40 
60 

100 
150 

«v 

Input  Offset  Voltage  Drift 

TCV,0S 

-5S°CSTAS  +  125°C 

- 

0.15 

0.3 

0.3 

1.0 

Output  Offset  Voltage 

VnnQ 
"OOS 

TA  =  25'C 

-55"CSTA<+125«C 

1 

3 

3 
6 

2 
6 

6 

10 

mV 

Output  Offset  Voltage  Drift 

TCVoos 

R0  =  " 

-SS0C<TA<+125°C 

20 

50 

50 

120 

liWC 

Offset  Referred  to  Input 

PSR 

G  =  1000 
G  =  100 
G  =  10 
G  =  1 

120 
110 
95 
75 

130 
130 
110 

80 

- 

110 
100 
90 
70 

120 
120 
100 
80 

- 

dB 

vs.  Positive  Supply 
V+  =  +5Vto  +  15V 

-5S"C<TA£+125°C 
G  =  1000 
G  =  100 
G  =  10 
G  =  1 

120 
110 
95 
75 

130 
130 
110 
90 

— 

110 
100 
90 
70 

120 
120 
100 
80 

_ 

dB 

Offset  Referred  to  Input 

PSR 

G  =  10t>0 
G  =  100 
G  =  10 
G  =  1 

105 
90 
70 
50 

125 
105 
85 
65 

_ 

105 
90 
70 
50 

115 
95 
75 
60 

_ 

d8 

vs.  Negative  Supply 
V-  =  -SVto-15V 

-55"CSTA<+12S"C 
G  =  1000 
G  =  100 
G  =  10 
G  =  1 

105 
90 
70 
50 

125 
105 
85 
65 

105 
90 
70 
50 

115 
95 
75 
60 

dB 

Input  Offset  voltage  Trim 
Range 

Vs  =  ±4.5Vto±1SV 
(Note  1) 

±6 

±6 

mV 

Output  Offset  Voltage  Trim 
Range 

Vs=±4.SVtO±18V 
(Notel) 

±100 

±100 

roV 

INPUT  CURRENT 

Input  Bias  Current 

Ib 

TA=25»C 

-55"CSTA<+125"C 

1 
4 

4 
10 

2 
6 

6 
15 

nA 

Input  Bias  Current  Drift 

TCIB 

-SS^CsTaS+WS'C 

40 

50 

pA/'C 

Input  Offset  Current 

I  OS 

TA  =  25«C 

-55°CSTAS  +  125°C 

0.2 
0.5 

1.0 
3.0 

0.5 
1.0 

2.0 
6.0 

nA 

Input  Offset  Current  Drift 

TCIos 

-S5°CSTA<+125»C 

3 

5 

pA/"C 

INPUT 

Input  ReBiBtance 

R|N 

Differential.  G  =  1000 
Differential,  G  <  100 
Common-Mode,  G  =  1000 

1 

10 
20 

1 

10 
20 

Gil 

Input  Voltage  Range 

IVR 

TA  =  2S°C(Note2) 
-SS-CSTaS+^C 

±10.5 
±10.0 

+  10.5 
±10.0 

V 

Common-Mode 
Rejection 

CMR 

VCM  =  ±10V,  1kfl 
source  imbalance 

G  =  1000 

G  =  100 

G  =  10 

G  =  1 

125 
120 
100 
85 

130 
130 
120 
100 

115 
110 
95 
75 

125 
125 
110 
90 

dB 

-55"C<TA<+125«C 
G  =  1000 
G  =  100 
G  =  10 
G  =1 

120 
115 
95 
80 

125 
125 
115 
95 

110 
105 
90 
75 

120 
120 
105 
90 

dB 

2 

I — I 

3 

Oh 


z 
o 

I 

z 


I 

2 


NOTES: 

1.  Vios  and  V00s  nulling  has 
respectively. 


minimal  affect  on  TCV]0s  and  TCVqqs, 


2.    Refer  to  section  on  common-mode  rejection. 
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AMP-01  LOW-NOISE  PRECISION  INSTRUMENTATION  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  Rs=  10kfi.  Ru=  2kn,  TA=  25° C,  unless  otherwise  noted. 


AMP-01  E 

AMP-01F/G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP  MAX 

UNITS 

OFFSET  VOLTAGE 

Input  Offset  Voltage 

vIOS 

TA=2S'C 

-25"C<TA£+85"C 

- 
— 

20 
40 

50 
SO 

— 
— 

40 
60 

100 
150 

mV 

Input  Offset  Voltage  Drift 

TCVios 

-25'C<  J^S+SS'C.  (Note  2) 



0.15 

0.3 



0.3 

1.0 

pV/'C 

Output  Offset  Voltage 

Voos 

TA  =  2S'C 

1 
3 

3 

g 

2 

g 

6 
10 

mV 

Output  Offset  Voltage  Drift 

TCV00S 

Rq  =  *.  (Note  2) 
-25°C  5  TA  <  +85°C 

20 

100 



50 

120 

/iVrc 

G  =  1000 

120 

130 

— 

110 

120 

— 

G  =  100 

110 

130 

— 

100 

120 

— 

<JB 

G  -  10 

95 

110 

so 

100 

— 

Offset  Referred  to  Input 

PSR 

G  =  1 

75 

90 

70 

60 

— 

vs.  Positive  Supply 

-25'C<TA<+85,C 

V+  =  +5V  to+15V 

G  -  1000 

120 

130 

— 

110 

120 

— 

G  =  100 

110 

130 

100 

120 

dB 

G  =  10 

95 

110 

- 

90 

100 

- 

G  °  1 

75 

90 

70 

60 

G  °  1000 

110 

125 

- 

105 

115 

- 

Q  =  100 

95 

105 

90 

95 

dB 

G  =  10 

75 

85 

70 

75 

Offset  Referred  to  Input 

PSR 

G  =  1 

55 

65 

50 

60 

vs.  Negative  Supply 

-2S'C<TA£+85''C 

V-  =  -5Vto-15V 

G  =  1000 

110 

125 

105 

115 

G  =  100 

95 

105 

90 

95 

dB 

G  =  10 

75 

85 

70 

75 

G  =  1 

55 

65 

50 

60 

Input  Offset  Voltage  Trim 
Range 

Vs=±4.SVto±18V 
(Note  1) 

±6 

±6 

mV 

Output  Offset  Voltage  Trim 
Range 

Vs=±4.5Vto±18V 
(Note  1) 

±100 

±100 

mV 

INPUT  CURRENT 

Input  Bias  Current 

Ib 

TA  =  25"C 

-25»C<TA<+85'C 

1 
4 

4 

10 

2 
6 

6 
15 

nA 

Input  Bias  Current  Drift 

TCI„ 

^•CSTaS+BS'C 

40 

50 

pA/'C 

Input  Offset  Current 

los 

Ta=25'C 

^s'Csi^s+es'C 

0.2 
0.5 

1.0 
3.0 

0.5 
1.0 

2.0 
6.0 

nA 

Input  Offset  Current  Drift 

TCIqs 

-2S'C<Ta<+85"C 

3 

5 

pA/'C 

INPUT 

Differential,  G  =  1000 

1 

1 

Input  Resistance 

RIN 

Differential,  G  <  100 

10 

10 

Gil 

Common-Mode,  G  - 1000 

20 

20 

Input  Voltage  Range 

IVR 

TA  =  25°C(Note3) 
-25"C<TA<+85"C 

±10.5 
±10.0 

±10.5 
±10.0 

V 

VCU  =  ±10V,  mn 

source  imbalance 

G  =  1000 

125 

130 

115 

125 

G  =  100 

120 

130 

110 

125 

dB 

G  =  10 

100 

120 

95 

110 

Common-Mode 

CMR 

G  =  1 

85 

100 

75 

90 

Rejection 

-25'C<TA<+85«C 

G-1000 

120 

125 

110 

120 

G  =  100 

115 

125 

105 

120 

dB 

G  =  10 

95 

115 

90 

105 

G  =  1 

80 

95 

75 

90 

NOTES: 

1.  Vios  and  Voos  nulling  has  minimal  affect  on  TCVI0S  and  TCVqqs,         2.  Sample  tested. 

respectively.  3.  Refer  to  section  on  common-mode  rejection. 
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AMP-01  LOW-NOISE  PRECISION  INSTRUMENTATION  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  1SV,  Rs  =  10kfi,  RL  =  2kn,  TA  =  25°  C,  unless  otherwise  noted. 


NOTES: 

1.  Guaranteed  by  design. 

2.  Gain  tempco  does  not  Include  the 
tempco  match. 

3.  -550C£TA£+125"CiorA/BgrBde5. 
0°C  £  TA<  70°C  (or  E  grade. 


PARAMETER 

SYMBOL 

CONDITIONS 

AMP-01  A/E 

MIN       TYP  MAX 

AMP-01  B/F7G 

MIN       TYP  MAX 

UNITS 

GAIN 

Gain  Equation 
Accuracy 

r_  20XRS 

Accuracy  Measured 
from  G  =  1  to  1000  - 

0.3 

'. ,  0.6 

0.5 

0.8 

% 

Gain  Range 

G 

0.1 

10k 

0.1 

10k 

v/v 

Nonlinear!  ty 

G  =  1000 
G  =  100 

G  =  ,0  (N0,e1) 
G  =  1 

0.0007 

0.005 
"  0.005 
0.005 
0.010 

0.0007 

0.005 
0.005 
0.007 
0.015 

% 

Temperature  Coefficient 

Gtc 

1  <  G  £  1000 
(Notes  1,2) 

5 

10 

5 

15 

ppm/°C 

OUTPUT  RATING 

Output  Voltage 
Swing 

Vqut 

RL  =  2kn 
RL  =  soon 

RL  =  50I1 

±13.0 
±13.0 
±2.5 

±13.8 
±13.5 
±4.0 

±13.0 
±13.0 
±2.5 

±13.8 
±13.5 
±4.0 

V 

RL  =  2kll      Over  Temp. 
RL  =  500(1    (Note  3) 

±12.0 
±12.0 

±13.8 
+  13.5 

±12.0 
±12.0 

±13.8 
±13.5 

V 

Positive  Current  Limit 

Output-to-Ground  Short 

60 

100 

120 

60 

100 

120 

mA 

Negative  Current  Limit 

Output-to-Ground  Short 

60 

80 

120 

60 

90 

120 

mA 

Capacitive  Load  Stability 

l<GS  1000 

No  Oscillations.  (Note  1) 

0.1 

1 

0.1 

1 

ff 

Thermal  Shutdown 
Temperature 

Junction  Temperature 

165 

165 

•c 

NOISE 

Voltage  Density,  RTI 

8n 

f0=1kHz 
G  =  1000 
G  =  100 
G  =  10 
G  =  1 

5 
10 
59 
540 

5 
10 
59 
540 

nV/vTiT 

Noise  Current  Density.  RT1 

<n 

f0=  1kHz,  G  =  1000 

0.15 

0.15 

Input  Noise  Ullage 

enp-p 

0.1Hz  to  10Hz 
G  =  1000 
G  =  100 
G  =  10 
G=1 

0.12 
0.16 
1.4 
13 

0.12 
016 
1.4 
13 

"Vp 

Input  Noise  Current 

'np-p 

0.1Hz  to  10Hz,  G  =  1000 

2 

2 

pAp.p 

DYNAMIC  RESPONSE 

Small-Signal 
Bandwidth  (-3dB> 

BW 

G  =  1 
G  =  10 
G  =  100 
G  =  1000 

570 
100 
82 
26 

570 
100 
82 
26 

kHz 

Slew  Rate 

SR 

G  =  10 

3.5 

4.5 

3.0 

4.5 

V/pS 

Settling  Time 

ts 

To  0.01%,  20V  step 
G  =  1 
G  =  10 
G  =  100 
G  =  1000 

12 
13 
15 
50 

12 
13 
15 
50 

PS 

3 

P— * 
p— I 

i— I 


2 
O 

I 


3 

2 


effects  of  gain  and  scale  resistor 
-25"  C  £  TA<  +  85'  C  for  E/F  grades. 
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AMP-01  L0W-N0I8E  PRECISION  INSTRUMENTATION  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  Rs  =  10kn.  RL  =  2kn.  TA  =  25°  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

AMP-01  AVE 
MIN      TVP  MAX 

AMP-01  B/F/G 
MIN      TYP  MAX 

UNITS 

SENSE  INPUT 

input  Resistance 

R|N 

35 

50 

65 

35 

50 

65 

kn 

Input  Current 

■in 

Referenced  to  V- 

280 

280 

Voltage  Range 

(Note  1) 

-10.5 

+15 

-10.5 

+  15 

V 

REFERENCE  INPUT 

Input  Resistance 

RIN 

35 

SO 

S5 

35 

50 

65 

kn 

Input  Current 

"in 

Referenced  to  V- 

280 

280 

Voltage  Range 

(Note  1) 

-10.5 

+  15 

-10.5 

+  15 

V 

Gain  to  Output 

1 

1 

v/v 

POWER  SUPPLY  -25"  C  £  TA 

£  +65'  C  tor  E/F  Grades.  -55"  C  <  TAS  +12S"C  lor  A/B  Grades 

Supply  Voltage  Range 

Vs 

+V  linked  to  +V0P 
-V  linked  to -VOP 

±4.5 

±18 

±4.5 

±18 

V 

Quiescent  Current 

lo 

+V  linked  to  +V0P 
-V  linked  to  -V<jp 

3.0 
3.4 

4.8 
4.8 

3.0 
3.4 

4.8 
4.8 

mA 

NOTE: 

1.  Guaranteed  by  design. 
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AMP-01  LOW-NOISE  PRECISION  INSTRUMENTATION  AMPLIFIER 


DICE  CHARACTERISTICS 


DIE  SIZE  0.111  X  0.149  Inch,  16,539  sq.  mils 
(2.82  X  3.78  mm,  10.67  sq.  mm) 


WAFER  TEST  LIMITS  at  VS  =  ±15V,  Rs=  10k!!,  RL  =  2kl!,  TA=  25°C.  unless  otherwise  noted. 


AMP-01  NBC 

AMP-01GBC 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

UNITS 

Input  Oflset  Voltage 

Vios 

60 

120 

nV  MAX 

Output  Otlset  Voltage 

Voos 

4 

8 

mV  MAX 

V+  =  +5VtOTl5V 

Offset  Referred  to  Input 
vs.  Positive  Supply 

PSR 

G  -  1000 
G  =  100 
G  =  10 
G  =  1 

120 
110 
95 
75 

110 
100 
90 
70 

dB  MIN 

V-  =  -5V  to -15V 

Offset  Referred  10  Input 
vs.  Negative  Supply 

PSR 

G  =  1000 
G  -  100 
G  -  10 

105 
90 
70 

105 
90 
70 

dB  MIN 

G  -  1 

50 

50 

Input  Bias  Current 

lB 

4 

8 

nA  MAX 

Input  Otlset  Current 

'OS 

1 

3 

nA  MAX 

Input  Voltage  Range 

IVR 

Guaranteed  by  CMR  Tests 

110 

±10 

V  MIN 

Common- Mode 
Rejection 

CMR 

VCM  =  ±10V 
G  =  1000 
G  =  100 
G  =  10 
G  -  1 

125 
120 
100 
85 

115 
110 
95 
75 

dB  MIN 

Gain  Equation 
Accuracy 

20XRS 

0.6 

0.8 

"/»  MAX 

RL=  2k(l 

±13 

±13 

Output  Voltage  Swing 

VOUT 

RL  -  500(1 
RL  -  50(1 

±13 
±2.5 

±13 
±2.5 

V  MIN 

Output-Current  Limit 

Output-to-Ground  Short 

±60 

±60 

mA  MIN 

Output-Current  Limit 

Output-10-Ground  Short 

±120 

1120 

mA  MAX 

Ouiasconi  Currant 

>0 

-  V  Linked  to  +Vop 
-V  Linked  to-V01, 

4.8 

4.8 

mA  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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AMP-01  LOW-NOISE  PRECISION  INSTRUMENTATION  AMPLIFIER 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  Rs  =  10kn,  RL  =  2kn,  TA  =  25°  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

AMP-OTNdC 
TYPICAL 

amo  mror* 
AMr-OluBL 

TYPICAL 

UNITS 

Input  Offset 
Voltage  Drift 

TCV.os 

0.15 

0.30 

,iV/°C 

Output  Oflset 
Voltage  Drift 

TCV00S 

R0  =  - 

20 

50 

(iWC 

Input  Bias 
Current  Drift 

TCIB 

40 

50 

pA/°C 

Input  Offset 
Current  Drift 

TCI0S 

3 

5 

pA/°C 

Nonlinearity 

G  =  1000 

0.0007 

0.0007 

% 

Voltage  Noise  Density 

e„ 

G  =  1000 
f0=1kHz 

5 

5 

nV/v/Ttz" 

Current  Noise  Density 

'n 

G  —  1000 
f0=  1kHz 

0.1S 

0.15 

pa/v/hT 

Voltage  Noise 

enp-P 

G  =  1000 
0.1Hz  to  10Hz 

0.12 

.  0.12 

"Vp 

Current  Noise 

'np-p 

G  =  1000 
0.1Hz  to  10Hz 

2 

2 

BAp-p 

Small-Signal 
Bandwidth  (-3dB) 

BW 

G  =  1000 

26 

26 

kHz 

Slew  Rate 

SR" 

G  =  10 

4.5 

4.5 

V/|lS 

Settling  Time 

<S 

To  0.01%.  20V  Step 
G  =  1000 

50 

50 

(is 
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AMP-01  LOW-NOISE  PRECISION  INSTRUMENTATION  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


INPUT  OFFSET  VOLTAGE 
vs  TEMPERATURE 


0  30 

2 

1  - 

g  0 

S-,o 


1  1 

-75  -50  -25     0      25    SO     7S    100  125  (50 
TEMPERATURE  PC) 


INPUT  OFFSET  VOLTAGE 
vs  SUPPLY  VOLTAGE 


I 

 A 

U 

»T  No. 

■1   

2 

3   

4 

is        ;io  ;is 

POWER  SUPPLY  VOLTAGE  (VOLTS) 


OUTPUT  OFFSET  VOLTAGE 
vs TEMPERATURE 


-!1! 

V_ 

-76  —SO  -25 


25  SO  75  100  12S  ISO 
TEMPERATURE  (°CI 


OUTPUT  OFFSET  VOLTAGE 
CHANGE  vs  SUPPLY  VOLTAGE 


29 

I  2.0 

1.8 

1.0 
Si 

>  OS 
►» 

.8 


S 


Oj0 
■03 
-1.0 


- 

ta- 

JS*C 

>S  :10  S16  120 
POWER  SUPPLY  VOLTAGE  IVOLTSI 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


- 1 — I- 

Vs  -  11SV 


-76  -SO  -2S     0     26    SO     78    10O  125  ISO 
TEMPERATURE  TO 


INPUT  BIAS  CURRENT 
vs  SUPPLY  VOLTAGE 


-OS 
-1.0 
-1.S 


1 

POWER  SUPPLY  VOLTAGE  (VOLTS) 


INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


3  a2 

g  0.0 

o 

I  -0-2 
-0.4 
-OA 


-ne 

V 

-7»  -60  -26     0     26    60     75    100  126  160 
TEMPERATURE  l*CI 


COMMON-MODE  REJECTION 
vs  VOLTAGE  GAIN 


I 

vs 

1 1  llll! 

•  t!5V 

I 

A 

■  21 

10  100  1k  10k 

VOLTAGE  GAIN.  G 


COMMON-MODE  REJECTION 
vs  FREQUENCY 


FREQUENCY  IHil 
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AMP-01  LOW-NOISE  PRECISION  INSTRUMENTATION  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


COMMON-MODE  VOLTAGE 
RANGE  vs  TEMPERATURE 


S  4 

X 


v 

iu  - 

0 

vs 

•  ;1 

V  — 

V 

.11 

IV 

V) 

■;5V 

-75  -SO  -25    0     28    SO    75    100   125  150 
TEMPERATURE  l*C) 


POSITIVE  PSR 
vs  FREQUENCY 


NEGATIVE  PSR 
vs  FREQUENCY 


FREQUENCY CHt] 


FREQUENCY  (Nil 


MAXIMUM  OUTPUT  VOLTAGE  MAXIMUM  OUTPUT  SWING  CLOSED-LOOP  OUTPUT 

vs  LOAD  RESISTANCE  vs  FREQUENCY  IMPEDANCE  vs  FREQUENCY 


IOAO  RESISTANCE  IQI  FREQUENCY  IHil  FREQUENCY  CHil 


TOTAL  HARMONIC  TOTAL  HARMONIC 

CLOSED-LOOP  VOLTAGE  DISTORTION  DISTORTION 

GAIN  vs  FREQUENCY  vs  FREQUENCY  vs  LOAD  RESISTANCE 


FREQUENCY 1M,I  FREQUENCY  (Hit  LOAD  RESISTANCE  (H I 
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AMP-01  LOW-NOISE  PRECI8ION  INSTRUMENTATION  AMPLIFIER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


SLEW  RATE  vs 
VOLTAGE  GAIN 


SLEW  RATE  vs 
LOAD  CAPACITANCE 


SETTLING  TIME  TO  0.01% 
vs  VOLTAGE  GAIN 


I 

I 
£ 


TTTTTT 


VOLTAGE  OAIN.O 


tOn  100n 
LOAD  CAPACITANCE  (Fl 


3  so 

t 

Si 


i  mi 

Vs  -  I16V 

2 

IV 

S 

EP 

VOLTAGE  GAIN.  G 


VOLTAGE  NOISE  DENSITY 
vs  FREQUENCY 


100 

FREQUENCY  <Hl) 


1 

| 


RTI  VOLTAGE  NOISE 
DENSITY  vs  GAIN 


-  115V 

POSITIVE  SUPPLY  CURRENT 
vs  SUPPLY  VOLTAGE 


1 

VOLTAGE  GAIN,  G 


POWER  SUPPLV  VOLTAGE  IVOLTSI 


NEGATIVE  SUPPLY  CURRENT 
vs  SUPPLY  VOLTAGE 


I 


3  " 


1 

  'A  * 

£5  110  115  ±20 

POWER  SUPPLY  VOLTAGE  (VOLTS) 


POSITIVE  SUPPLY  CURRENT 
vs  TEMPERATURE 


v: 

.  !1! 

V 

-75  -SO  -25     0      2S     50     75    100    125  150 
TEMPERATURE  (°C) 


NEGATIVE  SUPPLY  CURRENT 
vs  TEMPERATURE 


1  1 

Vs-*ISV 

_  W  a  XJ  

0V- 

-a 

tN5t 

r 

Er 

-75  -60  -26     0     25     SO     75    100  126  ISO 
TEMPERATUR6  (*C>  j 
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AMP-01  LOW-NOISE  PRECISION  INSTRUMENTATION  AMPLIFIER 


INPUT  AND  OUTPUT  OFFSET  VOLTAGES 

Instrumentation  amplifiers  have  independent  offset  voltages 
associated  with  the  input  and  output  stages.  While  the  initial 
offsets  may  be  adjusted  to  zero,  temperature  variations  will 
cause  shifts  tn  offsets.  Systems  with  auto-zero  can  correct 
for  offset  errors,  so  initial  adjustment  would  be  unnecessary. 
However,  many  high-gain  applications  don't  have  auto  zero. 
For  these  applications,  both  offsets  can  be  nulled,  which  has 
minimal  effect  on  TCV|0sand  TCV0os- 

The  input  offset  component  is  directly  multiplied  by  the 
amplifier  gain,  whereas  output  offset  Is  Independent  of  gain. 
Therefore,  at  low  gain,  output-offset-errors  dominate,  while 
at  high  gain,  input-offset-errors  dominate.  Overall  offset 
voltage,  V0s.  referred  to  the  output  (RTO)  is  calculated  as 
follows;  .  . 

Vos(RTO)= <V,oSx  G)+ Voosr - —  d ) 
where  V|0s  and  V0os  are  the  input  and  output  offset  voltage 
specifications  and  G  is  the  amplifier  gain.  Input  offset  nulling 
alone  is  recommended  with  amplifiers  having  fixed  gain 
above  50.  Output  offset  nulling  alone  is  recommended  when 
gain  is  fixed  at  SO  or  below. 

In  applications  requiring  both  initial  offsets  to  be  nulled,  the 
input  offset  is  nulled  first  by  short-circuiting  Rg,  then  the 
output  offset  is  nulled  with  the  short  removed. 

The  overall  offset  voltage  drift  TCVos,  referred  to  the  output, 
is  a  combination  of  input  and  output  drift  specifications. 
Input  offset  voltage  drift  Is  multiplied  by  the  ampllflergain,  G, 
and  summed  with  the  output  offset  drift; 

TCVos  ( RTO)  =  (TCVios*  G )  +  TCVoos (2) 
where  TCV|0s  is  the  input  offset  voltage  drift,  and  TCV0os  <s 
the  output  offset  voltage  specification.  Frequently,  the 
amplifier  drift  is  referred  back  to  the  input  (RTI )  which  is  then 
equivalent  to  an  input  signal  change; 

TCVos(RTI)  =  TCV|os+  I£Y00S  (3) 

G 

For  example,  the  maximum  input-referred  drift  of  an 
AMP-01  EX  set  to  G  =  1000  becomes; 

TCVos  (RTI)  =  0.3mV/°C  +  100*iW°c  =  0.4,1  W°C  max. 

1000 

INPUT  BIAS  AND  OFFSET  CURRENTS 

Input  transistor  bias  currents  are  additional  error  sources 
which  can  degrade  the  input  signal.  Bias  currents  flowing 
through  the  signal  source  resistance  appear  as  an  additional 
offset  voltage.  Equal  source  resistance  on  both  inputs  of  an 
IA  will  minimize  offset  changesdue  to  bias  current  variations 
with  signal  voltage  and  temperature.  However,  the  difference 
between  the  two  bias  currents,  the  input  offset  current, 
produces  a  non-trimmable  error.  The  magnitude  of  the  error 
is  the  offset  current  times  the  source  resistance. 

A  current  path  must  always  be  provided  between  the  differen- 
tial inputs  and  analog  ground  to  ensure  correct  amplifier 
operation.  Floating  inputs,  such  as  thermocouples,  should 
be  grounded  close  to  the  signal  source  for  best  common- 
mode  rejection. 


GAIN 

The  AMP-01  uses  two  external  resistors  for  setting  voltage 
gain  over  the  range  0.1  to  10,000.  The  magnitudes  of  the 
scale  resistor,  Rs,  and  gain-set  resistor,  Rq,  are  related  by  the 
formula:  G = 20  x  Rs/Rq,  where  G  is  the  selected  voltage  gain 
(Refer  to  Figure  1). 


o 


0 

ho -HA  v- 

VOLTAGE  GAIN.  G  •  [     „  ) 
\    BG  / 


Figure  1.  Basic  AMP-01  connections  for  gains  0.1  to  10,000. 


The  magnitude  of  Rs  affects  linearity  and  output  referred 
errors.  Circuit  performance  is  characterized  using  Rs  =  1 Okft 
when  operating  on  ±15  volt  supplies  and  driving  a  ±10  volt 
output.  Rs  may  be  reduced  to  5kn  in  many  applications 
particularly  when  operating  on  ±5  volt  supplies  or  if  the 
output  voltage  swing  is  limited  to  ±5  volts.  Bandwidth  is 
improved  with  Rg  =  5kfl  and  this  also  increases  common- 
mode  rejection  by  approximately  6dB  at  low  gain.  Lowering 
the  value  below  5kn  can  cause  instability  in  some  circuit 
configurations  and  usually  has  no  advantage.  High  voltage 
gains  between  two  and  ten  thousand  would  require  very  low 
values  of  Rq  .  For  Rs  -  10kn  and  Av  =  2000  we  get  Rq  =  100ft; 
this  value  is  the  practical  lower  limit  for  RG.  Below  loon, 
mismatch  of  wirebond  and  resistor  temperature  coefficients 
will  introduce  significant  gain  tempco  errors.  Therefore,  for 
gains  above  2,000,  Rq  should  be  kept  constant  at  100ft  and 
Rs  increased.  The  maximum  gain  of  10,000  is  obtained  with 
Rs  set  to  50kft. 

Metal-film  or  wirewound  resistors  are  recommended  for  best 
results.  The  absolute  values  and  TC's  are  not  too  important, 
only  the  ratiometric  parameters. 

AC  amplifiers  require  good  gain  stability  with  temperature 
and  time,  but  DC  performance  is  unimportant.  Therefore,  low 
cost  metal-film  types  with  TC's  of  50ppm/°C  are  usually 
adequate  for  Rs  and  Rq.  Realizing  the  full  potential  of  the 
AMP-01  's  offset  voltage  and  gain  stability  requires  precision 
metal-film  or  wirewound  resistors.  Achieving  a  15ppm/°C 
gain  tempco  at  all  gains  requires  Rs  and  Rg  temperature 
coefficient  matching  to  5ppm/°  C  or  better. 


6-16 


6/87,  Rev.  C 


AMP-01  LOW-NOISE  PRECISION  INSTRUMENTATION  AMPLIFIER 


VOLTAGE  GAIN 


Rq  AND  Rs  SELECTION 

Gain  accuracy  is  determined  by  the  ratio  accuracy  of  Rs  and 
Rq  combined  with  the  gain  equation  error  of  the  AMP-01 
(0.6%  max  for  A/E  grades). 

All  Instrumentation  amplifiers  require  attention  to  layout  so 
thermocouple  effects  are  minimized.  Thermocouples  formed 
between  copper  and  dissimilar  metals  can  easily  destroy  the 
TCVos  performance  of  the  AMP-01  which  is  typically 
0.15pV/°  C.  Resistors  themselves  can  generate  thermoelectric 
EMFs  when  mounted  parallel  to  a  thermal  gradient.  "Vishay" 
resistors  are  recommended  because  a  maximum  value  for 
thermoelectric  generation  is  specified.  However,  where 
thermal  gradients  are  low  and  gain  TC's  of  20-50ppm  are 
sufficient,  general-purpose  metal-film  resistors  can  be  used 
forRoandRs. 

COMMON-MODE  REJECTION 

Ideally,  an  Instrumentation  amplifier  responds  only  to  the 
difference  between  the  two.  input  signals  .and  rejects 
common-mode  voltages  and  noise.  In  practice,  there  is  a 
small  change  in  output  voltage  when  both  inputs  experience 
the  same  common-mode  voltage  change;  the  ratio  of  these 
voltages  is  called  the  common-mode  gain.  Common-mode 
rejection  (CMR)  Is  the  logarithm  of  the  ratio  of  differential- 
mode  gain  to  common-mode  gain,  expressed  in  dB.  CMR 
specifications  are  normally  measured  with  a  full-range  input 
voltage  change  and  a  specified  source  resistance  unbalance. 

The  current-feedback  design  used  in  the  AMP-01  Inherently 
yields  high  common-mode  rejection.  Unlike  resistive  feed- 
back designs,  typified  by  the  three-op-amp  I  A,  the  CMR  is  not 
degraded  by  small  resistances  in  series  with  the  reference 
input.  A  slight,  but  trimmable,  output  offset  voltage  change 
results  from  resistance  In  series  with  the  reference  input. 

The  common-mode  input  voltage  range,  CMVR,  for  linear 
operation  may  be  calculated  from  the  formula: 


CMVR  =  ± 


IVR  is  the  data  sheet  specification  for  input  voltage  range; 
Vqut  >s  the  maximum  output  signal;  and  G  is  the  chosen 


voltage  gain.  For  example,  at25°C,  IVR  is  specified  as  ±10.5 
volt  minimum  with  ±15  volt  supplies.  Using  a  ±10  volt 
maximum  swing  output  and  substituting  the  figures  in  (4) 
simplifies  the  formula  to: 

CMVR  =  ±  ^10.5 -|j  (5) 

For  all  gains  greater  than  or  equal  to  10,  CMVR  is  ±10  volt 
minimum;  at  gains  below  10,  CMVR  is  reduced. 

ACTIVE  GUARD  DRIVE 

Rejection  of  common-mode  noise  and  line  pick-up  can  be 
improved  by  using  shielded  cable  between  the  signal  source 
and  the  IA.  Shielding  reduces  pick-up,  but  increases  input 
capacitance,  which  In  turn  degrades  the  settling-time  for 
signal  changes.  Further,  any  imbalance  in  the  source  resis- 
tance between  the  inverting  and  noninverting  inputs,  when 
capacitively  loaded,  converts  the  common-mode  voltage  into 
a  differential  voltage.  This  effect  reduces  the  benefits  of 
shielding.  AC  common-mode  rejection  is  improved  by  "boot- 
strapping" the  input  cable  capacitance  to  the  input  signal,  a 
technique  called  "guard  driving".  This  technique  effectively 
reduces  the  input  capacitance.  A  single  guard-driving  signal 
is  adequate  at  gains  above  100  and  should  be  the  average 
value  of  the  two  inputs.  The  val  ue  of  external  gain  resistor  Rq 
is  split  between  two  resistors  Rqi  and  Rq2;  the  center  tap 
provides  the  required  signal  to  drive  the  buffer  amplifier 
(Figure  2). 

GROUNDING 

The  majority  of  instruments  and  data  acquisition  systems 
have  separate  groundsf  or  analog  and  digital  signals.  Analog 
ground  may  also  be  divided  Into  two  or  more  grounds  which 
will  be  tied  together  at  one  point,  usually  the  analog  power- 
supply  ground.  In  addition,  the  digital  and  analog  grounds 
may  be  joined,  normally  at  the  analog  ground  pin  on  the 
A-to-D  converter.  Following  this  basic  grounding  practice  is 
essential  for  good  circuit  performance  (Figure  3). 

Mixing  grounds  causes  interactions  between  digital  circuits 
and  the  analog  signals.  Since  the  ground  returns  have  finite 
.resistance  and  inductance,  hundreds  of  millivolts  can  be 
developed  between  the  system  ground  and  the  data  acquisi- 
tion components.  Using  separate  ground  returns  minimizes 
the  current  flow  In  the  sensitive  analog  return  path  to  the 
system  ground  point.  Consequently,  noisy  ground  currents 
from  logic  gates  do  not  interact  with  the  analog  signals. 

Inevitably,  two  or  more  circuits  will  be  joined  together  with 
their  grounds  at  differential  potentials.  In  these  situations, 
the  differential  input  of  an  instrumentation  amplifier,  with  its 
high  CMR,  can  accurately  transfer  analog  information  from 
one  circuit  to  another. 

SENSE  AND  REFERENCE  TERMINALS 

The  sense  terminal  completes  the  feedback  path  for  the 
instrumentation  amplifier  output  stage  and  is  normally 
connected  directly  to  the  output.  The  output  signal  Is 
specified  with  respect  to  the  reference  terminal,  which  is 
normally  connected  to  analog  ground. 
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Figure  2.  AMP-01  evaluation  circuit  showing  guard-drive  connection. 
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Figure  3.  Basic  grounding  practice. 
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If  heavy  output  currents  are  expected  and  the  load  is  situated 
some  distance  from  the  amplifier,  voltage  drops  due  to  track 
or  wire  resistance  will  cause  errors.  Voltage  drops  are  partic- 
ularly troublesome  when  driving  50fl  loads.  Under  these 
conditions,  the  sense  and  reference  terminals  can  be  used  to 
"remote  sense"  the  load  as  shown  in  Figure  4.  This  method  of 
connection  puts  the  IXR  drops  inside  the  feedback  loop  and 
virtually  eliminates  the  error.  An  unbalance  in  the  lead 
resistances  from  the  sense  and  reference  pins  does  not 
degrade  CMR,  but  will  change  the  output  offset  voltage'.  For 
example,  a  large  unbalance  of  3n  will  change  the  output 
offset  by  only  1mV. 

DRIVING  500  LOADS 

Output  currents  of  50mA  are  guaranteed  into  loads  of  up  to 
50fl  and  26mA  into  500fl.  In  addition,  the  output  is  stable  and 
free  from  oscillation  even  with  a  high  load  capacitance.  The 
combination  of  these  unique  features  in  an  instrumentation 
amplifier  allows  low-level  transducer  signals  to  be  condi- 


tioned and  directly  transmitted  through  long  cables  in 
voltage  or  current  form.  Increased  output  current  brings 
increased  internal  dissipation,  especially  with  son  loads.  For 
this  reason,  the  power-supply  connections  are  split  into  two 
pairs;  pins  10  and  13  connect  to  the  output  stage  only  and 
pins  11  and  12  provide  power  to  the  input  and  following 
stages.  Dual  supply  pins  allow  dropper  resistors  to  be 
connected  in  series  with  the  output  stage  so  excess  power  is 
dissipated  outside  the  package.  Additional  decoupling  is 
necessary  between  pins  10  and  13  to  ground  to  maintain 
stability  when  dropper  resistors  are  used.  Figure  5  shows  a 
complete  circuit  for  driving  501)  loads. 

HEATSINKING 

To  maintain  high  reliability,  the  die  temperature  of  any  IC 
should  be  kept  as  low  as  practicable,  preferably  below 
100°  C.  Although  most  AMP-01  application  circuits  will 
produce  very  little  internal  heat  —  little  more  than  the 
quiescent  dissipation  of  90m W— some  circuits  will  raise  that 


*IN4148  DIODES  ARE  OPTIONAL.  DIODES  LIMIT  THE  OUTPUT 
VOLTAGE  EXCURSION  IF  SENSE  AND/OR  REFERENCE  LINES 
BECOME  DISCONNECTED  FROM  THE  LOAD. 
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Figure  4.  Remote  load  sensing. 
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Figure  S.  Driving  SOft  loads. 
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to  several  hundred  milliwatts  (for  example,  the  4-20mA 
current  transmitter  application,  Figure  8).  Excessive  dissipa- 
tion will  cause  thermal  shutdown  of  the  output  stage  thus 
protecting  the  device  from  damage.  A  heatsink  is  recom- 
mended in  power  applications  to  reduce  the  die  temperature. 

Several  appropriate  heatsinks  are  available;  the  Thermalloy 
6010B  is  especially  easy  to  use  and  is  inexpensive.  Intended 
for  dual-in-line  packages,  the  heatsink  may  be  attached  with 
a  cyanoacrylate  adhesive.  This  heatsink  reduces  the  thermal 
resistance  between  the  junction  and  ambient  environment  to 
approximately  80s  C/W.  Junction  (die)  temperature  can  then 
be  calculated  by  using  the  relationship: 

where  Tj  and  Ta  are  the  junction  and  ambient  temperatures 
respectively,  6ja  is  the  thermal  resistance  from  junction  to 
ambient,  and  P<j  is  the  device's  internal  dissipation. 

OVERVOLTAGE  PROTECTION 

Instrumentation  amplifiers  invariably  sit  at  the  front  end  of 
instrumentation  systems  where  there  is  a  high  probability  of 
exposure  to  overloads.  Voltage  transients,  failure  of  a  trans- 
ducer, or  removal  of  the  amplifier  power  supply  while  the 
signal  source  is  connected  may  destroy  or  degrade  the 
performance  of  an  unprotected  amplifier.  Although  it  is 
impractical  to  protect  an  IC  internally  against  connection  to 
power  lines,  it  is  relatively  easy  to  provide  protection  against 
typical  system  overloads. 

The  AMP-01  is  Internally  protected  against  overloads  for 
gains  of  up  to  100.  At  higher  gains,  the  protection  is  reduced 
and  some  external  measures  may  be  required.  Limited 
internal  overload  protection  is  used  so  that  noise  perfor- 
mance would  not  be  significantly  degraded. 

AMP-01  noise  level  approaches  the  theoretical  noise  floor  of 
the  input  stage  which  would  be  4nV/%/  Hz  at  1kHz  when  the 
gain  is  set  at  1000.  Noise  is  the  result  of  shot  noise  in  the  input 
devices  and  Johnson  noise  in  the  resistors.  Resistor  noise  is 
calculated  from  the  values  of  Rq  (200fl  at  again  of  1000)  and 
the  input  protection  resistors  (250(1).  Active  loads  for  the 
input  transistors  contribute  less  than  1  nV/\/  Hz  of  noise.  The 
measured  noise  level  is  typically  5nV/\/  Hz  . 

Diodes  across  the  input  transistor's  base-emitter  junctions, 
combined  with  250H  input  resistors  and  Rg.  protect  against 
differential  inputs  of  up  to  ±20V  for  gains  of  up  to  100.  The 
diodes  also  prevent  avalanche  breakdown  that  would  degrade 
the  I  b  and  los  specifications.  Decreasing  the  value  of  Rq  for 
gains  above  100  limits  the  maximum  input  overload  protec- 
tion to  ±10V.  External  series  resistors  could  be  added  to 
guard  against  higher  voltage  levels  at  the  input,  but  resistors 
alone  increase  the  input  noise  and  degrade  the  signal-to- 
noise  ratio,  especially  at  high  gains. 


Protection  can  also  be  achieved  by  connecting  back-to-back 
9.1V  zener  diodes  across  the  differential  inputs.  This  tech- 
nique does  nor  affect  the  input  noise  level  and  can  be  used 
down  to  a  gain  of  2  with  minimal  increase  in  input  current. 
Although  voltage-clamping  elements  look  like  short  circuits 
at  the  limiting  voltage,  the  majority  of  signal  sources  provide 
less  than  50mA,  producing  power  levels  that  are  easily 
handled  by  low-power  zeners. 

Simultaneous  connection  of  the  differential  inputs  to  a  low- 
impedance  signal  above  10V  during  normal  circuit  operation 
is  unlikely.  However,  additional  protection  involves  adding 
100n  current-limiting  resistors  in  each  signal  path  prior  to  the 
voltage  clamp;  the  resistors  increase  the  input  noise  level  to 
just  5.4nV/V  Hz  (refer  to  Figure  6). 

Input  components,  be  they  multiplexers  or  resistors,  should 
be  carefully  selected  to  prevent  the  formation  of  thermo- 
couple junctions  which  would  degrade  the  input  signal. 


*OPTIONAL  PROTECTION 
RESISTORS,  SEE  TEXT. 


won  1W* 

•  tNO— VW 


LINEAR  INPUT  RANGE. 

»5V  MAXIMUM 
DIFFERENTIAL  PROTECTION 
TO  »30V 


Figure  6.  Input  overvoltage  protection  for  gains  2  to  10,000. 

POWER  SUPPLY  CONSIDERATIONS 

Achieving  the  rated  performance  of  precision  amplifiers  in  a 
practical  circuit  requires  careful  attention  to  external  influ- 
ences. Forexample,  supply  noise  and  changes  in  the  nominal 
voltagedirectly  affect  the  input  offset  voltage.  A  PSRof  80dB 
means  that  a  change  of  100mV  on  the  supply,  not  an 
uncommon  value,  will  produce  a  10pV  input  offset  change. 
Consequently,  care  should  be  taken  in  choosing  a  power  unit 
that  has  a  low  output  noise  level,  good  line  and  load 
regulation,  and  good  temperature  stability. 
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Figure  7.  High-compliance  bipolar  current  source  with  13-blt  linearity.  q? 

w 


-0-5V 


COMPLIANCE  OF  toUT.  +20V  WITH  *30V  SUPPLY  (OUTPUT  w.r.t.  Oy) 
DIFFERENTIAL  INPUT  OF  lOOmV  FOR  16mA  SPAN. 
OUTPUT  RESISTANCE  -  5M11  AT  (OUT  "  20mA. 
LINEARITY  0.01%  OF  SPAN. 


Figure  8.  13-blt  linear  4-20mA  transmitter  constructed  by  adding  a  voltage  reference.  Thermocouple  signals  can  be  accepted 
without  preampllf  Icatlon. 
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Figure  9.  Adding  two  transistors  Increases  output  current  to  ±1 A  without  affecting  the  quiescent  current  of  4mA.  Power  band- 
width Is  60kHz. 
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Figure  10.  The  AMP-01  makes  an  excellent  programmable-gain  Instrumentation  amplifier.  Combined  gain-switching  and 
settling  time  to  13-blts  falls  below  IOOjis.  Linearity  Is  better  than  12-blts  over  a  gain  range  1  to  1000. 
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Figure  11 .  A  dfflerential  Input  Instrumentation  amplifier  with  dlfterentlsl  output  replaces  a  transformer  In  many  applications.  The  j 
output  will  drive  a  6000  load  at  low  distortion,  (0.01%).  £5 
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Figure  12.  Configuring  the  AMP-01  as  a  nonlnverting  operational  amplifier  provides  exceptional  performance.  The  output 
handles  low  load  Impedances  at  very  low  distortion,  0.006%. 
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Figure  13.  The  inverting  operational  amplifier  configuration  has  excellent  linearity  over  the  gain  range  1  to  1000,  typically 
0.005%.  Offset  voltage  drift  at  unity  gain  is  improved  over  the  drift  in  the  instrumentation  amplifier  configuration. 


♦15V 


Figure  14.  Stability  with  large  capacitive  loads  combined  with  high  output  current  capability  make  the  AMP-01  ideal  for  line 
driving  applications.  Offset  voltage  drift  approaches  the  TCVIOs  limit,  (0.3/iV/"C). 
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AMP-02 

HIGH-ACCURACY  8-PIN 
INSTRUMENTATION  AMPLIFIER 

ADVANCE  PRODUCT  INFORMATION 


FEATURES 

•  OtbetVoitage   SOpVMax 

•  Low  Dim  OJpVTCMax 

•  WHeGabtRange   G  =  1to10\000 

•  High  Common-Mode  Refection   125dBMln 

•  Bandwidth  Independent  of  Gain  300kHz  Typ 

•  Low  Gain  Tempco   50ppm/°C  Max 

•  Gain  Equation  Accuracy  0.1%  Max 

•  Extended  Industrial  Temp  Range  -WC  to  +BiFC 

•  Single  Resistor  Gain  Programmabllity 

GENERAL  DESCRIPTION 

The  AMP-02  isa  precision  monolithic  instrumentation  amplifier 
encased  in  space-saving  8-pin  mini-dips.  An  instrumentation 
amp  accepts  differential  input  signals  into  a  high-impedance 
front-end  and  delivers  an  amplified  single-ended  output.  High 
common-mode  rejection  is  achieved  without  resistor  matching. 
Gain  is  set  by  a  single  external  resistor,  and  is  variable  over  a 
range  of  1  to  10,000.  Linearity  of  the  AMP-02  is  extremely  high  in 
all  gain  configurations.  Input  protection  networks  allow  the 
inputs  to  be  taken  36V  beyond  either  supply  rail  without  damag- 
ing the  device. 

Laser-trimming  at  wafer-sort  reduces  input  offset  voltage  to 
below  50juV,  and  maintains  gain  equation  accuracy  to  a  tight 
0.1%.  Input  offset  voltage  drift  less  than  0.3pV/°C  eliminates  the 
need  for  nulling  circuitry  in  most  applications.  PMI's  proprie- 
tary state-of-the-art  thin-film  resistor  process  keeps  gain  temp- 
erature coefficient  under  S0ppm/°C. 

The  AMP-02's  bandwidth  remains  constant  at  300kHz,  regard- 
less of  gain-setting.  Slew  rate  is  above  2V//<s,  providing  a  full- 
power  bandwidth  of  at  least  30kHz  for  a  20VP.P  sine-wave  out- 
put. Since  full-power  bandiwdth  is  directly  proportional  to 
signal  size,  at  2VP.P  the  full  300kHz  bandwidth  of  the  amplifier 
may  be  utilized. 

A  reference  pin  is  provided  to  allow  the  output  to  be  referenced 
to  an  arbitrary  DC  level.  This  pin  may  be  used  for  offset  correc- 
tion or  level  shifting  as  required.  In  most  applications  it  will  be 


connected  to  ground  to  provideaground-referenced  output.  In 
DIP  devices,  sense  is  internally  connected  to  the  output. 

For  an  instrumentation  amplifier  having  similar  precision  to  the 
AMP-02,  but  capable  of  driving  50mA  output  current  steady- 
state  with  90mA  peaks  and  excellent  capacitive  load  stability, 
consult  the  AMP-01  data  sheet. 

PIN  CONNECTIONS 


H.c.[T 

• 

ll]  NX. 

ROI  (T 

3D  Roa 

H.C.  (T 

j3  N.C. 

-m  [J_ 

u]  v» 

+m(T 

llj  SENSE 

nc-fT 

JO  OUT 

v-FT 

u)  REFERENCE 

N.e.LT 

JJ  N.C. 

R01  fT 
-IN  fT 
♦IN  [T 


T]  R03 

7]  y+ 

T)  OUT 

3  REFERENCE 


18-PIN  SOL 
(S-Sulflx) 


CERDIP 
(Z-Sufflx) 

EPOXY  MINI-DIP 
(P-Sufftx) 


BASIC  CIRCUIT  CONNECTIONS 


(■HN)-(-IN) 
FOR  SOL  CONNECT  SENSE  TO  OUTPUT 


Oh 


2 
O 


ThU  advance  product  Information  describes  a  product  In  development  at  the  time  of  this  printing.  Final  specifications  may  vary.  Please  contact  local 
sales  office  or  distributor  for  final  data  sheet. 
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AMP-02  HIGH-ACCURACY  8-PIN  INSTRUMENTATION  AMPLIFIER  —  ADVANCE  INFORMATION 


ABSOLUTE  MAXIMUM  RATINGS  (Note 1) 

Supply-voltage.. . . ; . .....  .  »,-<  ,±18V 

Internal  Power  Dissipation  (Note  2)..  J..  . .  .  .  500mW 

Common-Mode  Input  Voltage 

 [(V-)-36V]  to[(V+)  +  36V] 

Differential  Input  Voltage 

 . . . .  [  (V-)  -  36V]  ;to  [  (V+)  +  36V] 

Output  Shorl-Circuit  Duration  .10  seconds 

Operating  Temperature  Range 

AMP-02A  (Z)     -55-C  to  f  125°C 

AMP-02E  (Z,  P)    -40°C  to  +85°C 

Storage  Temperature  Range  -65°C  to  -H750C 


■Junotion  Temperature  flange  -65°C  to  +175°C 

Lead'Temperature  (Soldering.  10  sec)   300°C 

NOTES: 

1.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 


otherwise  noted. 
2.  See  table  lor  maximum  ambient  temperature  and  rating. 

.        PACKAGE  TYPE 

MAXIMUM  AMBIENT    DERATE  ABOVE 
TEMPERATURE    MAXIMUM  AMBIENT 
FOR  RATING  TEMPERATURE 

.    8-PJn  Cerdip  (21 

75"C  6.7mW/»C 

8-Pin  Plastic  DIP  (P) 

62«C  S.8mW/-C 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  VCM  =  0V,  TA  =  25»C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

AMP-02A/E 

TYP 

MAX 

- 

UNITS 

Input  Olfset  Voltage 

v,os 

— 

— 

50 

(iV 

Output  Offset  Voltage 

voos 

2.5 

mV 

onset  Voltage  ' 
Temperature  Coefficient 

TCV,0S 
TCVqos 

Input  Offset 
Output  Olfset 

0.3 
15 

Input  Bias  Current  - 

is 

25 

nA 

Input  Offset  Current 

'OS 

5 

nA 

Common-Mode  Rejectiom- 

CMR 

G  =  1 

G  =  1000  ' 

85 
125 

dB 

Power-Supply  Rejection 

PSR 

Vs  =  ±4.5Vto±18V       °  =  ' 
3                           G  =  1000 

80 
115 

dB 

Gain  Equation 

(50kn/RQ)  +  1 

Gain  Equation  Error 

0.1 

* 

Temperature  Coefficient 
ol  Gain 

TCqain 

so 

ppm/*C 

Output  Voltage  Swing 

Vo  ' 

RL=  Ikn 

±12 

V 

Slew  Rate                t  ', 

SR 

•s  '.  '  • 

■i  * 

Closed-Loop  Bandwidth 

'  .  BW 

All  Gains 

300 

kHr 

Settling  Time 

<S 

10V  Step,  to  0.01% 

20 

K* 

Noise  Voltage  Density 

<V 

1  kHz,  Input  Relerred 

8 

nV/s/H? 

Supply  Current 

'SY 

4.5 

mA 
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Precision  Monoltthics  Inc. 


AMP- 05 


FAST- SETTLING  JFET 
INSTRUMENTATION  AMPLIFIER 


FEATURES 

•  Settling-Time  to  12-Bit  Accuracy,  G  <  2000   15/»s  Max 

•  Overload  Recovery  Time,  G  =  1000   15/is 

•  14-Bit  Gain  Linearity  at  G  <  1000 

•  On-Board  Dual  Guard  Drivers 

•  On-Board  100uA  Precision  Current  Source 

•  Low  Bias  Current  50pAMax@2S°C 

 20nA  Max  @  125°C 

•  Temperature  Stable  CMR 

 105dB  Min  Over-55°C  to  +125°C 

•  High  Slew-Rate  with  500pF  Load  5V/usMin 

•  Input  Overload  Protected  to  ±30V  Differential 

ORDERING  INFORMATION! 


PIN  CONNECTIONS 


V0oi  NULL  IT 

R«cmi[T 
reference  [7 

SENSE  (T 


JS]  Vios  kuu 

2*\  Vro»  KUU 
CURRENT 
SOURCE 

77]  v+ 
ID  v~ 

To]  OUTPUT 


18-PIN  HERMETIC  DIP 
(X-Suffix) 


CERDIP 

OPERATING 

18-PIN 

TEMPERATURE 

PACKAGE 

RANGE 

AMP05AX' 

MIL 

AMP05BX* 

MIL 

AMP05EX 

IND 

AMP0SFX 

IND 

'  For  devices  processed  In  total  compliance  to  Ml  L-STD-883,  add  /B83  alter 

part  number.  Consult  factory  lor  863  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts 

in  cerdlp,  plastic  dip,  and  TO-can  packages.  For  ordering  Information,  see 

J9BS  Data  Book.  Section  2. 


GENERAL  DESCRIPTION 

The  AMP-05  is  a  fast  JFET  instrumentation  amplifier  designed 
for  high-speed  analog  signal-processing  and  analog-multi- 
plexed data  acquisition  systems.  Settling-time  to  12-bits  is  1Sus 
maximum,  with  better  than  14-bit  linearity  at  all  gains  up  to  1000. 
Two  functions  are  added  to  the  instrumentation  amplifier  that 
reduce  external  component  count  in  many  applications.  On- 
board dual  guard  drivers  maintain  good  settling-time  and 
common-mode  rejection  performance  when  shielded  cable 
connects  the  input  signal  to  the  AMP-05.  A  precision  100uA 
current  source  isalso  provided  for  transducer  excitation,  power- 
ing a  low-current  voltage  reference,  and  other  functions. 


SIMPLIFIED  SCHEMATIC 


E 

Oh 


z 
o 


1 

z 


-Ov- 
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AMP-OS  FAST-SETTLING  JFET  INSTRUMENTATION  AMPLIFIER 


The  AMP-OS  employs  a  current-feedback  technique  which 
provides  a  high  and  stable  common-mode  rejection,  105dB 
minimum  over  the  military  temperature  range.  JFET  inputs 
reduce  bias  current  to  50pA  maximum  at  2S°C  and  only  20nA 
maximum  at  125°C;  low  bias  current  reduces  errors  due  to 
signal-source  resistance.  Internal  input  protection  allows  a  30V 
differential  overload  at  all  gain  settings.  The  AMP-OS  recovers 
rapidly  when  an  input  overload  is  removed.  Recovery  time  is 
typically  15/is  following  a  1000:1  overload,  voltage  gain  set  to 
1000.  AMP-05  voltage  gain  is  set  by  the  ratio  of  two  external 
resistors  over  the  range  0.1  to  2000  and  a  low  gain  temperature- 
coefficient  of  20ppm/°C  maximum  is  achievable  in  the  range  1 
to  1000. 

The  AMP-05's  outputs  can  all  drive  large  capacitive  loads 
without  oscillation.  The  amplifier  output  is  guaranteed  stable 
with  loads  up  to  2,0O0pF  and  the  guard  drivers  can  tolerate  up  to 
10.000pF  without  oscillation. 

Sense  and  reference  pins  complete  the  output  feedback-loop 
and  provide  an  output  ground  reference,  respectively.  The 
reference  pin  may  be  used  for  zeroing  system  offsets,  where 
auto-zero  hardware  is  employed.  Resistance  in  series  with  the 
reference  terminal  does  not  degrade  common-mode  rejection 
on  PMI'sAMP-05,  which  is  a  significant  problem  with  instrumen- 
tation amplifiers  employing  the  three  op-amp  configuration. 

For  applications  requiring  very  low  input  offset  voltage  and  low 
offset  drift,  or  higher  output  drive  capability,  refer  to  the  AMP-01 
data  sheet. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage  ±18V 

Internal  Power  Dissipation  (Note  1 )  SOOmW 

Common-Mode  Input  Voltage  Supply  Voltage 

Differential  Input  Voltage  ±30V 

{Inputs  must  not  exceed  supply  voltages.) 

Output  Short-Circuit  Duration    Indefinite 

Storage  Temperature  Range    -65°C  to  +150°C 

Operating  Temperature  Range 

AMP-05A,  B  -55°C  to  +125"C 

AMP-05E,  F  -25°C  to  +85°C 

Lead  Temperature  (Soldering,  60  sec)  300°C 

DICE  Junction  Temperature  (Tj)  -65°C  to  +150°C 

MAXIMUM  AMBIENT        DERATE  ABOVE 
TEMPERATURE  FOR      MAXIMUM  AMBIENT 
PACKAGE  TYPE  RATING  TEMPERATURE 

18-Pin  Hermetic  DIP  (X)  100'C  IQmW^C  

NOTES: 

1.  See  table  lor  maximum  ambient  temperature  rating  and  derating  factor. 

2.  Absolute  ratings  apply  to  both  DICE  and  packaged  parts,  unless  otherwise 
noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1SV,  Rs  =  Skn,  RL  =  2ka  TA  =  25°C,  unless  otherwise  noted. 


PARAMETER 


SYMBOL 


CONDITIONS 


AMP-0SA/E 
MIN         TYP  MAX 


AMP-05B/F 

MIN         TYP  MAX 


UNITS 


GAIN 


Gain  Range 

0.1 

2000 

0.1 

2000 

Gain  Equation 

G  =  20  x  Rj/Bq 

0.25 

0.5 

0.4 

1.0 

* 

Accuracy 

G  =  1  to  1000 

G  =  1 

0.001 

0.001 

G=10 

0.002 

0.002 

* 

G  =  100 

0.007 

0.007 

Gain  Nonllnearity 

G  =  1000 

0.020 

0.020 

rl  =  iokn 

G  =  100 

0.004 

0.004 

G=  10O0 

0.004 

0.004 

Gain  Temperature 
Coefficient 

G  =  1  to  100 
G=  1000 
iNotes  1. 2) 

1.7 
8 

10 
20 

1.7 
8 

10 
20 

ppm/*C 

OUTPUT  RATING 

Output  Voltage 

nL  =  ikn 

±11 

±12 

±11 

±12 

V 

Swing 

Vqut 

Over  Temperature 

±10.5 

±12 

+  10.5 

±12 

Short  Circuit 
Current 

Isc 

Output 

Shorted  to  Ground 

±20 

±35 

±20 

±35 

mA 

Capacitive  Load 
Stability 

Full  Gain  Range 
No  Oscillations 

2 

10 

2 

10 

nF 

NOTES: 

1.  Gain  tempco  does  not  include  the  effects  of  gain  and  scale  resistor  tempco  match. 

2.  Guaranteed  but  not  100%  production  tested. 
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.  AMP-05  FAST-SETTLING  JFET  INSTRUMENTATION  AMPLIFIER 


iriYii;  

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  Rs  = 

5kn,RL  =  2kn,TA  = 

25°C,  unless  otherwise  noted.  (Continued) 

PARAMETER                 SYMBOL  CONDITIONS 

MIN 

AMP-05A/E 

TYP  MAX 

MIN 

AMP-05B/F 

TYP 

MAX 

UNITS 

INPUT 

Input  Bias  ! 
Current  B 

TA<25'C 

TA  =  eS°C(E/FGradesi 
TA  -  125°C  iA/B  Gradesi 

- 

20 
0.5 
7 

50 
4 
20 

- 

30 
1 

12 

100 
8 
30 

pA 
nA 
nA 

Input  Offset 

Current  05 

TA  <  25°C 

TA  =  8S°CiE/F  Gradesi 
TA  =  125°C  iA/B  Gradesi 

5 

0.05 
1 

25 
0.5 
5 

- 

10 
0.1 
2 

50 
1 

10 

pA 
nA 
nA 

Input  Resistance  R[N 

- 

1012 

10'2 

fl 

Input  Capacitance  CIN 

8 

8 

PF 

Input  Voltage  |yR 
Range 

TA  =  25"C 

Over  Temperature 

±11 
±10 

±11.5 
±11 

±11 
±10 

±11.5 
±11 

V 

Common-Mode  CMR 

vc„  =  ±"V 
G  =  t000 
G=  100 
G=  10 
G=  1 

110 
105 
100 
90 

115 
115 
110 
98 

100 
95 
90 
80 

110 
110 
100 
90 

0B 

Rejection 

VCM  =  ±10V,  Over  Temperature 

G  =  10OO 

G-100 

G=  10 

G  =  1 

105 
100 
95 
85 

110 
110 
105 
95 

95 
90 
85 
75 

105 
105 
95 
85 

dB 

OFFSET  VOLTAGE 

Input  Offset 

Voltage  l0s 

Vcm  =  0V 
TA  =  2S"C 
Over  Temperature 

0.3 
0.8 

1.0 
2.0 

0.5 
1.0 

2.0 
4.0 

mV 

Input  Offset 

voltage  Drift  los 

5 

10 

7 

20 

Output  Offset 

Voltage  V°os 

TA  =  25°C 

Over  Temperature 

3 
9 

15 
25 

5 
11 

25 
40 

mV 

Output  Offset 
Voltage  Drift  TCV°°S 

50 

100 

70 

150 

Ottset  Referred  to 

Input  vs.  Positive  

„     ,  +PSR 
Supply 

V+  =  +5Vto  +  15V 

G  =  1000 
G  =  100 
G=  10 
G  =  1 

115 
110 
95 
75 

120 
118 
105 
85 

110 
105 
90 

70 

115 
110 
100 
80 

dB 

Over  Temperature 
G  =  1000 
G  =  100 
G  =  10 
G  =  1 

110 
105 
90 
75 

116 
114 
102 
84 

105 
100 
85 
70 

110 
105 
98 
80 

dB 

Offset  Referred  to 
Input  vs.  Negative  pgR 
Supply 

V-  =-5Vto-15V 

G  =  1000 
G  =  100 
G  =  10 
G=  1 

110 
95 
75 
55 

118 
104 
84 
84 

105 
90 
70 
50 

110 
98 
80 
60 

dB 

Over  Temperature 
G  = 1000 
G=  100 
G  =  10 
G  =  1 

105 
95 
75 
55 

113 
104 
84 
64 

100 
90 
70 
50 

105 
95 
80 
60 

dB 

3 

m 

PL, 

a 

a, 


2 

O 

I 

z 

WJ 

I 

2 
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AMP-05  FAST-SETTLING  JFET  INSTRUMENTATION  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  Rg  =  5k«,  RL  =  2kn,  TA  =  25°C,  unless  otherwise  noted.  (Continued) 


AMP-05A/E 

AMP-05B/F 

PARAMETER 

SYMBOL 

CONDITIONS 

•'  MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

tnput  Offset  Voltage 
Trim  Range 

Vs  =  ±4.5Vto±18V 

±2.5 

±5 

±2.5 

±5 

mV 

Output  Offset  Voltage 
Trim  Range 

Vs  =  +4.5V  to  ±18V 

±25 

±40 

±25 

+40 

mV 

SENSE  INPUT 

Input  Resistance 

40 

50 

60 

40 

50 

60 

k!l 

Input  Current 

'in 

Referenced  to  V- 

280 

280 

«A 

REFERENCE  INPUT 

Input  Resistance 

RIN 

40 

50 

60 

40 

50 

60 

kll 

Input  Current 

l|N 

Referenced  to  V- 

280 

280 

MA 

Voltage  Range 

-10.5 

+20 

-10.5 

+20 

V 

Gain  to  Output 

1 

1 

v/v 

NOISE 

f0  =  1kHz 

Voltage  Density 
RTI 

e„ 

G>100 
G  =  10 

16 
38 

16 
38 

G  =  1 

350 

350 

Noise  Current 
Density 

'ri 

f0  =  1kHz 

10 

10 

ia/x/hT 

tnput  Noise 
VoMage 

e"P-P 

Measured  at  G  =  1000. 
0.1Hz  to  10Hz  Bandwidth 

4 

4 

Output  Noise 
Voltage 

Vt 

Measured  at  G  =  0. 
01Hz  to  10Hz  Bandwidth 

7 

7 

»Vp 

Input  Noise 
Current 

-  'np-p 

0.1Hz  to  10Hz  Bandwidth 

0.12 

0.12 

PVp 

DYNAMIC  RESPONSE 

Smatl  Signal 

ew 

G  =  1 

3 

3 

MHz 

Bandwidth  -3dB 

G>10 

120 

120 

kHz 

Cl  = 500pF 

Slew  Rate 

SH 

G2  10 

5 

7.5 

5 

7.5 

V/fiS 

Over  Temperature 

3.5 

5.5 

3.5 

5.5 

1  <  G  <  2000 

-  10V  to  +  10V  Step 

Settling  Time 

's 

Note  1i 
to  0.1% 

5 

7 

5 

7 

US 

to  0.05% 

7 

10 

7 

10 

to  0.025% 

10 

15 

10 

15 

Overload  Recovery 
Time 

'fee 

G  =  1000 

VIN  =  10V  to  10mV 

15 

15 

NOTE: 

1.   Guaranteed  but  not  100%  production  tested. 
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AMP-05  FAST-SETTLING  JFET  INSTRUMENTATION  AMPLIFIER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  Rg  =  5kn,  RL  =  2kn,  TA  =  25°C,  unless  otherwise  noted.  (Continued) 


AMP-05A/E 

AMP-05B/F 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

GUARD  DRIVERS 

Output  Voltage 

Vo 

Volts  above  respective 
input  over  temperature. 

0.S 

1.2 

2.0 

0.5 

1.2 

2.0 

V 

Peak  Output  Current 

8 

15 

8 

15 

mA 

Slew  Rate 

SR 

Cl  =  1000pF 

16 

16 

V/jiS 

Capacitive  Load 
Stability 

No  Oscillations 
(Note  11 

10 

100 

10 

100 

nF 

CURRENT  SOURCE 

Current  Output 

'out 

Over  Full 

Compliance  Range  ' 

90 

100 

.  120 

90 

100 

120 

<|A 

Output  Compliance 
Range 

Voc  Volts  Below  V+ 
(Irrespective  of  V-t 

4 

30 

4 

30 

V 

Output  Impedance 

"out 

Over  Full  Compliance 
Range  (Note  11 

1 

3 

1 

3 

Gf) 

Temperature 
Coefficient 

100 

100 

ppm/°C 

Power  Supply 
Rejection 

150 

150 

nA/V 

POWER  SUPPLY  -25°C  <  TA  <  +85°C  for  E/F  Grades.  -S5"C  £  TA 

<+125°C  for  A/6  Grades 

Supply  Voltage 
Range 

vs 

±4.5 

±18 

±4.5 

±18 

V 

Quiescent  Current 

'o 

70 

9.0 

7.5 

10.0 

mA 

NOTE: 

1.  Guaranteed  but  not  100%  production  tested. 
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AMP-05  FAST-SETTLING  JFET  INSTRUMENTATION  AMPLIFIER  - 


DICE  CHARACTERISTICS 


DIE  SIZE  0.127  X  0.176  inch.  22.352  sq.  mils 
(3.23  X  4.47mm,  14.42  sq.  mm) 


WAFER  TEST  LIMITS  at  Vs  =  ±  15V,  Rs 

=  5k!!.  RL  =  2k!!,  TA  = 

25°C,  unless  otherwise  noted. 

AMP-05GBC 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Input  Olfsei  Voltage 

v,os 

vcu  =  ° 

2.0 

mV  MAX 

Output  Offset  Voltage 

v00s 

25 

mV  MAX 

V-  -5V10-15V 

Offset  Referred  to  Input 
vs.  Positive  Supply 

PSR 

G  1000 
G  100 
G  10 
G  1 

no 
105 
90 
70 

dB  MIN 

V- =  5V10-15V 

Offset  Referred  to  Input 
vs.  Negative  Supply 

PSR 

G  1000 
G  100 
G  10 
G  =  1 

105 

90 
70 
50 

dB  MIN 

Input  Bias  Current 

Id 

100 

pA  MAX 

Input  Ottset  Current 

'os 

50 

pA  MAX 

Input  Voltage  Range 

IVR 

Guaranteed  by  CMR  Tests 

ill 

V  MIN 

Common-Mode 
Rejection 

CMR 

G  1000 
G  100 
G  10 
G  1 

100 
95 
90 
80 

dB  MIN 

Gain  Equation 
Accuracy 

G    20  x  RS/RG 
G     1  to  100 

1.0 

%  MAX 

Output  Voltage  Swing 

V0UI 

RL  lkf! 

111 

V  MIN 

Output-Current  Limit 

Output-to-Ground  Short 

120 

mA  MIN 

Current  Source 

'out 

90 
120 

„A  MIN 
lift.  MAX 

Quiescent  Current 

'o 

110.0 

mA  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not 
guaranteed  (or  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing 
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TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1SV,  Rs  =  5kll,  RL  =  2kll,  TA  =  2S°C,  unless  otherwise  noted. 


AMP-05GBC 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

UNITS 

Input  Offset 
Voltage  Drill 

TCV^ 

7 

*iV/*C 

Output  Offset 
voltage  Drift 

TCVqqs 

R0  =  - 

70 

mV7*C 

Nonfinearity 

G  =  1000 
RL  =  lOkll 

0.004 

% 

Voltage  Noise  Density 

«n 

G  =  1000 
l0=1kHz 

16 

nV/\/  Hz 

Current  Noise  Density 

'n 

G=1000 
l0  =  1kHz 

10 

IA/\Zhz~ 

Voltage  Noise 

enp*P 

G  =  1000 
0.1Hz  10  10Hz 

4 

mVm 
p*p 

Current  Noise 

'np-p 

G  =  1000 
0.1Hz  to  10Hz 

0.12 

Small-Signal 
Bandwidth  i-3dBi 

BW 

G  =  1000 

120 

kHz 

Slew  Rate 

SR 

G  =  10 

7.5 

V/ms 

lb  0.025% 

Settling  Time 

«S 

-10Vto+10VStep 
1SGS2000 

10 

*s 

Overload  Recovery 
Time 

G  =  1000 

V,N  -  10V  to  10mV 

15 

flS 

Hi 

l-H 


TYPICAL  PERFORMANCE  CHARACTERISTICS 

INPUT  OFFSET  VOLTAGE 
vs  TEMPERATURE 


INPUT  OFFSET  VOLTAGE 
vs  SUPPLY  VOLTAGE 


UNIT 

1 

J 

as 

r 

0  23  50  73  100  125  150 
TllCPERATUHf  fC) 


is  ±10  trs 

powtn  auppur  voltaqb  (voura) 


INPUT  OFFSET  VOLTAGE 
WARM-UP  DRIFT 


2  0 
TIMS  (MTKUTE8) 


2 
O 

I 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


OUTPUT  OFFSET  VOLTAGE 
vs  TEMPERATURE 


OUTPUT  OFFSET  VOLTAGE 
vs  SUPPLY  VOLTAGE 


-75  -SO   -25     0     25     50    75    100  125 
TEMPERATURE  fC) 


15  ±10  ±15 

POWER  SUPPLY  VOLTAGE  (VOLTS) 


OUTPUT  OFFSET  VOLTAGE 
WARM-UP  DRIFT 


TIKE  (MINUTES) 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


COMMON-MODE  REJECTION 
vs  VOLTAGE  GAIN 


-75  -50  -25    0     25    50    75   no  125  150  175 
TEMPERATURE  (*0 


100 

VOLTAGE  GAIN  (O) 


COMMON-MODE  REJECTION 
vs  FREQUENCY 


FREQUENCY  (Hi) 


POSITIVE  PSR 
vs  FREQUENCY 


NEGATIVE  PSR 
vs  FREQUENCY 


MAXIMUM  POSITIVE  OUTPUT 
VOLTAGE  vs  LOAD  RESISTANCE 


FREQUENCY  (Hi) 


FREQUENCY  (Hi) 


LOAD  RESISTANCE  (R) 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


MAXIMUM  NEGATIVE  OUTPUT 
VOLTAGE  vs  LOAD  RESISTANCE 


MAXIMUM  OUTPUT  SWING 
VS  FREQUENCY 


S  25 
g 

g  » 

$ 


CLOSED-LOOP  OUTPUT 
IMPEDANCE  vs  FREQUENCY 


LOAD  RESISTANCE  (ft) 


FREQUENCY  (Hi) 


100  1k  10k         tOOk  1M 

FREQUENCY  [Hz) 


1 

8  ° 


VOLTAGE  GAIN 
vs  FREQUENCY 


llll 

a -1000 

llll 
a -too 

o-u 

III 

i     in     it     a    ion  im 

FREQUENCY  (Hi) 


OUTPUT  SLEW-RATE 
vs  VOLTAGE  GAIN 


p 

) 

ITIVE  S4-E' 

-R 

K 

new 

OUTPUT  SLEW-RATE 
vs  LOAD  CAPACITANCE 


1" 

33r 

n 

E3LEW-R 

V 

E 

NE 

a 

a 

iLE 

»- 

V 

re 

VOLTAGE  GAIN  (G) 


In  lOn  tOOn 

LOAD  CAPACITANCE  (F) 


SETTLING-TIME  TO  0.025% 
vs  VOLTAGE  GAIN 


s 


VOLTAGE  NOISE  DENSITY 
vs  FREQUENCY 


0 

n 

r 
t 

rm 

00 

VOLTAGE  NOISE  DENSITY 
vs  GAIN 


VOLTAGE  GAIN  (G) 


FREQUENCY  (H<) 


VOLTAGE  GAIN  (G) 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


POSITIVE  SUPPLY  CURRENT 
vs  SUPPLY  VOLTAGE 


15  ±n  -15  ±20 
POWER  SUPPLY  VOLTAGE  (VOLTS) 


NEGATIVE  SUPPLY  CURRENT 
vs  SUPPLY  VOLTAGE 


1 

£  -r 

W 

cc 

s 


±s       ±10      ±is  ±ao 

POWER  SUPPLY  VOLTAGE  (VOLTS) 


POSITIVE  SUPPLY  CURRENT 
vs  TEMPERATURE 


-75  -50   -25     0     25     SO    73    100   125  150 
TEMPERATURE  CO 


NEGATIVE  SUPPLY  CURRENT 
vs  TEMPERATURE 

•10  ■  1  1  1  1  1  1       i       I  1 


-75  -SO   -25     0     25     50     75    100    125  150 
TEMPERATURE  (*C) 


APPLICATIONS  INFORMATION 
VOLTAGE  GAIN 

The  AMP-OS  uses  two  external  resistors  for  setting  voltage  gain 
over  the  range  0.1  to  2000.  The  magnitudes  of  the  scale  resistor, 
Rs,  and  gain-set  resistor,  RQ,  are  related  by  the  formula:  G  =  20 
x  Rs/Rq,  where  G  is  the  selected  voltage  gain.  Figure  1  shows 
the  amplifier  connections.  Rq  can  be  selected  using  the  graph 
in  Figure  2. 

Circuit  performance  is  characterized  using  Rs  =  5kll  operating 
on  ±15  volt  supplies  and  driving  a  ±10  volt  output. 

Metal-film  or  wirewound  resistors  are  recommended  for  Rs  and 
Rc.  The  absolute  resistance  values  and  temperature  coeffi- 
cients of  resistance  are  not  too  important;  only  the  ratiometric 
parameters  are  important  for  gain  accuracy  and  stability. 


FIGURE  1:  Basic  AMP-05  Connections  For  Gains  0.1  to  2000 


REMOTE  SENSE 


REFERENCE 
p<KORMAU.Y  GROUKO) 


VOLTAGE 0AIM.0 -( 
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FIGURE  2:  Selection  of  RGA,N 


FIGURE  3:  Input  and  Output  Offset  Voltage  Nulling 


AC  amplifiers  require  good  gain  stability  with  temperature  and 
time,  but  DC  performance  is  unimportant.  Therefore,  low  cost 
metal-fil  m  types  with  TCs  of  50ppm/°C  are  usually  adequate  for 
Rs  and  Rq.  Realizing  the  full  potential  of  the  AMP-05's  gain 
stability  requires  precision  metal-film  or  wirewound  resistors. 
Achieving  a  25ppm/t'C  max.  gain  tempco  at  all  gains  will  require 
Rs  and  Rq  temperature  coefficient  matching  to  5ppm/°C  max. 

Gain  accuracy  is  determined  by  the  ratio  accuracy  of  R$  and  RG 
combined  with  the  gain  equation  error  of  the  AMP-05  10.5%  for 
A/E  gradesl. 

Note:  The  AMP-05  is  inherently  stable  at  all  gains.  However,  like 
all  amplifiers  with  a  high  gain-bandwidth  product,  instability 
can  occur  if  layout  precautions  are  not  observed:  (a)  the 
amplifier  should  be  decoupled  close  to  the  supply  pins,  and  (b) 
the  output  must  be  kept  well  away  from  the  inputs,  the  null  pins, 
and  Rqain- 

The  AMP-05  is  capable  of  gain-bandwidth  products  in  the 
hundreds  of  megahertz  when  operated  at  its  highest  gain 
settings.  Under  these  conditions,  even  a  few  picofarads  of  stray 
feedback  to  the  inputs  can  cause  instability,  and  the  situation  is 
exacerbated  if  the  input  signal  has  a  high  source  impedance.  If 
instability  does  occur,  the  problem  is  easily  eliminated  by 
placing  a  small  capacitor  directly  between  the  AMP-05's  input 
pins,  2  and  17. 

INPUT  AND  OUTPUT  OFFSET  VOLTAGES 

Instrumentation  amplifiers  have  independent  offset  voltages 
associated  with  the  input  and  output  stages.  While  the  initial 
offsets  may  be  adjusted  to  zero,  temperature  variations  will 
cause  shifts  in  offsets.  Systems  with  auto-zero  can  correct  for 
offset  errors,  so  initial  adjustment  would  be  unnecessary. 
However,  many  high-gain  applications  do  not  have  auto-zero. 
For  these  applications  both  offsets  can  be  nulled.  Nulling  has 
minimal  effect  on  TCV|0s  and  TCV00S  i refer  to  Figure  3  for 
connections). 


b 
v 


The  input  offset  component  is  directly  multiplied  by  the 
amplifier  gain,  whereas  output  offset  is  independent  of  gain. 
Therefore,  at  low  gain,  output  offset  errors  dominate,  while  at 
high  gain,  input  offset  errors  dominate.  Overall  offset  voltage, 
V0s.  referred  to  the  output  ( RTO )  is  calculated  as  follows: 

V0SiRTOl  =  (ViosXG)  +  V0os   tt) 

where  Viqs  and  Vqos  are  the  input  and  the  output  offset  voltage 
specifications  and  G  is  the  amplifier  gain.  Input  offset  nulling 
alone  can  be  used  for  fixed  gains  above  50.  Otherwise,  both 
nulls  are  required.  When  nulling  both  initial  offsets,  the  input 
offset  is  nulled  first  by  short-circuiting  Rq,  then  the  output 
offset  is  nulled  with  the  short  removed. 

The  overall  offset  voltage  drift,  TCVos,  referred  to  the  output,  is 
a  combination  of  input  and  output  drift  specifications.  Input 
offset  voltage  drift  is  multiplied  by  the  amplifier  gain,  G,  and 
summed  with  the  output  offset  drift; 

TCVos  I  RTO)  =  (TCVios  X  G)  +  TCVoos   (2) 

where  TCV|0S  is  the  input  offset  voltage  drift,  and  TCVqos 's 
the  output  offset  voltage  drift  specification.  Frequently,  the 
amplifier  drift  is  referred  back  to  the  input  (RTI I  which  is  then 
equivalent  to  an  input  signal  change: 


TCVqs  (RTI)  =  TCVI0S  + 

S3 


(3) 


For  example,  the  maximum  input-referred  drift  of  an  AMP-05EX 
set  to  G  =  100  becomes: 

TCV0S  l RTI)  =  10^V/°C  1  100|u^/°C  =  11'iV/°c  max- 


p-i 

»— < 


2 

O 

is 
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u-i 

D 
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INPUT  BIAS  AND  OFFSET  CURRENTS 

Input  bias  currents  are  additional  error  sources  which  can 
degrade  the  input  signal.  Bias  currents  flowing  through  the 
signal  source  resistance  appear  as  an  additional  offset  voltage. 
Equal  source  resistance  on  both  inputs  of  an  instrumentation 
amplifier  will  minimize  offset  changes  due  to  bias  current 
variations  with  signal  voltage  and  temperature.  However,  the 
difference  between  the  two  bias  currents,  the  input  offset 
current,  produces  a  nontrimmable  error.  The  magnitude  of  the 
error  is  the  offset  current  times  the  source  resistance. 

The  AMP-OS  has  FET  inputs  which  have  negligible  bias  and 
offset  currents  at  room  temperature  and  consequently  can 
accurately  measure  signals  from  high  source  impedances. 
However,  like  all  FET  devices,  the  bias  current  doubles  approxi- 
mately every  10°C  increase  in  junction  temperature  and  there- 
fore bias  and  offset  currents  must  be  carefully  considered  when 
operating  up  to  +125°C. 

Note:  If  very  high  source  impedances  (-1  Mfi)  are  used  and  the 
AMP-05  is  used  at  high  gain,  then  it  is  recommended  that  a 
small  capacitor  is  connected  across  the  inputs  to  prevent 
instability. 

A  current  path  must  always  be  provided  between  the  differential 
inputs  and  analog  ground  to  ensure  correct  amplifier  operation. 
Floating  inputs,  such  as  thermocouples,  should  be  grounded 
close  to  the  signal  source  for  best  common-mode  rejection. 

OVERVOLTAGE  PROTECTION 

The  AMP-OS  features  a  unique  internal  protection  circuit  which 
permits  differential  input  voltages  of  up  to  ±30V  even  when  set 
for  high  gain  operation.  It  should  be  noted  however,  that  the 
output  state  during  such  an  overload  is  not  defined.  Typically,  at 
gains  above  10,  severe  overloads  (=1000%  overrange)  will  cause 
the  output  to  sit  at  about  +10V  with  a  low-level  oscillation 
apparent. 

Additionally,  gross  overdriving  will  cause  input  currents  of  up  to 
100/iA  to  flow  in  the  lower  of  the  two  inputs.  The  increased  input 
current  should  be  borne  in  mind  if  interfacing  to  extremely 
delicate  transducers. 

OVERLOAD  RECOVERY  TIME 

Following  an  input  overload,  an  amplifier  takes  a  finite  time  to 
recover,  i.e.  the  amplifier's  output  has  to  return  to  the  linear 
operating  region  after  limiting  at  one  or  other  supply.  The  AMP- 
05  is  designed  to  recover  rapidly  from  input  overloads;  typically 
recovery  time  is  15/is  following  a  1000:1  overload;  voltage  gain 
set  to  1000. 


Rapid  overload  recovery  is  particularly  important  in  a  multi- 
plexed data  acquisition  system  using  programmable  gain.  In 
this  application,  it  is  possible  for  the  input  to  be  switched  to  a 
high-level  signal  with  gain  set  high,  thus  overloading  the 
amplifier.  To  maintain  system  speed,  it  is  vital  for  the  amplifier  to 
recover  quickly  once  the  overload  is  removed  by  reprogram- 
ming  the  gain. 

COMMON-MODE  REJECTION 

Ideally,  an  instrumentation  amplifier  responds  only  to  the 
difference  between  the  two  input  signals  and  rejects  common- 
mode  voltages  and  noise.  In  practice,  there  is  a  small  change  in 
output  voltage  when  both  inputs  experience  the  same  common- 
mode  voltage  change;  the  ratio  of  these  voltages  is  called  the 
common-mode  gain.  Common-mode  rejection  iCMR)  is  the 
logarithm  of  the  ratio  of  differential-mode  gain  to  common- 
mode  gain,  expressed  in  dB.  CMR  specifications  are  normally 
measured  with  a  full-range  input  voltage  change  and  a  specified 
source  resistance  unbalance. 

The  current-feedback  design  used  in  the  AMP-05  inherently 
yields  high  common-mode  rejection.  Unlike  resistive  feedback 
designs  typified  by  the  three-op-amp  IA,  the  CMR  is  not 
degraded  by  small  resistances  in  series  with  the  reference 
input.  A  slight,  but  trimmable,  output  offset  voltage  change 
results  from  resistance  in  series  with  the  reference  input. 

The  common-mode  Input  voltage  range,  CMVR,  for  linear 
operation  may  be  calculated  from  the  formula: 

CMVR  =  ±(  IVR-i^li  )   W 

I VR  is  the  data  sheet  specification  for  input  voltage  range;  Vqut 
is  the  maximum  output  signal;  and  G  is  the  chosen  voltage  gain. 
For  example,  at  25°C,  IVR  is  specified  as  ±11  volts  minimum 
with  ±  15  volt  supplies.  Using  a  ±  10  volt  maximum  swing  output 
and  substituting  the  figures  in  (4)  simplifies  the  formula  to: 

CMVR  =  ±  (  11  -|  )   (5) 

For  all  gains  greater  than  or  equal  to  5,  CMVR  is  ±10  volt 
minimum;  at  gains  below  5,  CMVR  is  reduced. 


S-40 


6/87,  Rev.  B1 


AMP-OS  FAST-SETTLING  JFET  INSTRUMENTATION  AMPLIFIER 


GUARD  DRIVERS 

Dual  guard  drivers  are  included  to  restore  bandwidth,  settling- 
time,  and  high  frequency  common-mode  rejection  (CMR) 
when  shielded  cable  is  used  at  the  input.  The  guard  drivers  can 
handle  large  capacitive  loads  and  transient  currents,  but  they 
are  not  intended  for  large  DC  loads.  The  DC  path  to  ground 
should  be  30kn  or  greater;  lower  values  can  upset  the  AMP-05's 
internal  biasing  circuits. 

Shielded  cable  is  often  employed  to  minimize  capacitively 
coupled  noise  pickup  along  the  signal  path  from  source  to 
amplifier.  When  coaxial  cable  connects  a  transducer  to  the 
amplifier's  input,  the  cable's  capacitance  interacts  with  the 
transducer's  source  impedance  to  form  a  low-pass  filter.  This 
filter  function  reduces  the  amplifier's  bandwidth  and  degrades 
settling-time  and  CMR.  The  AMP-05's  differential  guard  drivers 
act  as  an  AC  "bootstrap"  when  attached  to  the  coaxial  shields. 
In  bootstrapping,  each  driver  follows  its  corresponding  input, 
and  the  driver  output  signals  are  buffered  to  handle  large 
capacitive  loads.  Each  driver  will  typically  slew  at  16W|is  with  a 
lOOOpF  load.  Bootstrapping  reduces  the  effective  input  capaci- 
tance, since  no  AC  voltage  appears  between  the  shield  and 
inner  conductor. 

The  AMP-05's  guard  drivers  can  form  either  a  differential  or 
single-ended  drive  (refer  to  Figures  4(a)  and  (b)).  In  the  single- 
ended  arrangement,  the  two  input  cable  shields  are  held  at  the 


same  potential,  the  common-mode  voltage  (Figure  4(b)).  As 
such,  the  connection  is  also  appropriate  for  one  shielded 
twisted-pair  cable.  The  single-ended  arrangement  maintains  a 
high  CMR  even  at  high  frequencies,  but  does  not  reduce  high 
frequency  gain  degradation  as  it  does  not  counteract  differential- 
mode  capacitance.  Single-ended  drive  is  acceptable  for  gains 
greater  than  ten  using  the  circuit  in  Figure  4(b).  However  the 
differential  connection,  Figure  4(a),  offers  better  overall  per- 
formance because  it  effectively  reduces  both  differential  and 
common-mode  capacitance.  Reduction  in  these  capacitances 
improves  high-frequency  CMR,  settling-time,  and  gain. 

It  should  be  noted  that  all  shield  drive  arrangements  are 
potentially  positive  feedback  configurations  and  under  some 
conditions  high  frequency  ringing  may  occur.  If  this  proves 
troublesome,  small  resistors  (500fl-1kft)  in  series  with  the 
cable  shield  outputs  will  improve  transient  response  and 
settling-time  but  reduce  the  effectiveness  of  the  cable  shield, 
particularly  at  high  frequency. 

Short  circuits  from  the  cable  drives  to  ground  will  not  damage 
the  AMP-05  but  will  result  in  malfunction  of  the  AMP-05  until 
the  short  is  removed.  The  package  pins  adjacent  to  the  two 
inputs,  Rs  connections  and  guard  drives,  sit  within  2  volts  of  the 
input  signals.  This  feature  reduces  leakage  currents  to  the  input 
terminals  and  eliminates  the  need  for  guard-rings  which  are 
necessary  on  many  FET  input  amplifiers. 


FIGURE  4:  Applying  the  Guard  Drivers  to  shield  the  inputs,  guard  driving  reduces  the  effective  input  capacitance  and  improves  CMR. 


z 

O 
Z 

I 

to 
Z 


a)  DIFFERENTIAL  DRIVE 


b)  SINGLE-ENDED  DRIVE  FOR  GAINS  GREATER  THAN  TEN 


OPTIONAL  SOOn  RESISTORS  IMPROVE  TRANSIENT 
RESPONSE  BUT  DEGRADE  SHIELDING  SLIGHTLY 
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GROUNDING 

The  majority  of  instruments  and  data  acquisition  systems  have 
separate  grounds  for  analog  and  digital  signals.  Analog  ground 
may  also  be  divided  into  two  or  more  grounds  which  will  be  tied 
together  at  one  point,  usually  the  analog  power-supply  ground. 
In  addition,  the  digital  and  analog  grounds  may  be  joined, 
normally  at  the  analog  ground  pin  on  the  A-to-D  converter. 
Following  this  basic  grounding  practice  is  essential  for  good 
circuit  performance  (Figure  5). 

Mixing  grounds  causes  interactions  between  digital  circuits 
and  the  analog  signals.  Since  the  ground  returns  have  finite 
resistance  and  inductance,  hundreds  of  millivolts  can  be 
developed  between  the  system  ground  and  the  data  acquisition 
components.  Using  separate  ground  returns  minimizes  the 
current  flow  in  the  sensitive  analog  return  path  to  the  system 
ground  point.  Consequently,  noisy  ground  currents  from  logic 
gates  do  not  interact  with  the  analog  signals. 

Inevitably,  two  or  more  circuits  will  be  joined  together  with  their 
grounds  at  differential  potentials.  In  these  situations,  the 
differential  input  of  an  instrumentation  amplifier,  with  its  high 
CMR,  can  accurately  transfer  analog  information  from  one 
circuit  to  another. 

MAXIMIZING  NEGATIVE  PSR 

Using  well  stabilized,  low-noise  power  supplies  is  always 
recommended  for  precision  analog  circuits.  However  even  with 
good  supplies,  there  will  be  small  changes  in  output  voltage  due 
to  temperature  variations  and  line  voltage  variations.  In  turn, 
these  voltage  changes  will  affect  the  amplifier  output  due  to 
finite  power-supply  rejection  (PSR). 

The  AMP-05's  PSR  can  be  maximized  in  critical  applications  by 
adding  a  trim  potentiometer  (see  Figure  6).  Positive  PSR  cannot 
be  trimmed  by  external  means  but  this  is  better  than  negative 


PSR  by  as  much  as  20dB,  and  therefore  trimming  should  not  be 
necessary.  Adjusting  the  negative  PSR  trim  potentiometer  also 
affects  output  offset  voltage,  Voos-  Therefore  In  systems  where 
offset  correction  is  not  employed,  a  Voos  null  potentiometer 
can  be  added  if  needed.  In  practice,  the  interaction  between 
these  two  potentiometers  is  not  a  problem. 

PSR/Vqos  trimming  procedure:  1 )  adjust  both  potentiometers 
to  mid-position;  2)  superimpose  a  low-frequency  1V  peak-to- 
peak  sinewave  on  the  negative  supply;  3)  adjust  PSR  trim 
potentiometer  for  minimum  output  ripple;  4)  remove  AC  signal 
from  the  power  supply  and  null  the  AMP-05's  output  offset 
voltage  using  the  Voos  null  potentiometer.  Steps  1  and  4  are 
deleted  when  only  PSR  trimming  is  required. 

FIGURE  6:  Additional  Trim  Potentiometer  Maximizes 
Negative  PSR 
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A, -32MX  V-(VOITS) 


FIGURE  5:  Basic  Grounding  Practice 
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CURRENT  SOURCE 

The  on-board  100/iA  current  source  is  provided  for  transducer 
excitation,  powering  a  low-current  voltage  reference  diode,  and 
other  functions.  The  current  source  is  referenced  from  the 
positive  supply  rail  (V+j,  and  provides  a  high  voltage  com- 
pliance from  4  to  30V  below  V+.  The  output  should  not  be 
pulled  below  V-.  Output  resistance  is  typically  3GO.  Simple 
positive  and  negative  voltage  references  can  be  generated  by 
adding  two  resistors  and  an  inexpensive  op  amp  (Figures  7(a) 
and  (b)).  Temperature  stability  can  be  improved  by  replacing  FU 
with  a  low-current  zener  or  voltage  reference  diode  such  as  the 
LM185.  The  output  reference  voltage  can  be  increased  beyond 
the  zener  voltage  by  adding  resistor  R3  to  add  gain  around  the 
OP-77. 

If  the  current  source  is  not  used  it  may  be  left  floating  or 
connected  to  V-. 


SENSE  AND  REFERENCE  TERMINALS 

The  sense  terminal  completes  the  feedback  path  for  the 
instrumentation  amplifier  output  stage  and  is  normally  con- 
nected directly  to  the  output.  The  output  signal  is  specified  with 
respect  to  the  reference  terminal,  which  is  normally  connected 
to  analog  ground. 

If  high  output  currents  are  expected  and/or  the  load  is  situated 
some  distance  from  the  amplifier,  voltage  drops  due  to  trace  or 
wire  resistance  will  cause  errors.  Under  these  conditions,  the 
sense  and  reference  terminals  can  be  used  to  "remote  sense" 
the  load  as  shown  in  Figure  8.  This  method  of  connection  puts 
the  I  x  R  drops  inside  the  feedback  loop  and  virtually  eliminates 
the  error.  An  unbalance  in  the  lead  resistances  from  the  sense 
and  reference  pins  does  not  degrade  CMR,  but  will  change  the 
output  offset  voltage.  For  example,  a  large  unbalance  of  3fl  will 
change  the  output  offset  by  only  1mV. 


FIGURE  7:  Generating  a  Reference  Voltage  Using  the  On-Board  Current-Source 


^R3 


FIGURE  8:  Remote  Load  Sensing 


*IN4UB  DIODES  ARE  OPTIONAL  DIODES  LIMIT  THE  OUTPUT 
VOLTAGE  EXCURSION  IF  SENSE  AND/OR  REFERENCE  LINES 
BECOME  DISCONNECTED  FROM  THE  LOAD. 
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KIGK-COMPLIANCE  CURRENT  SOURCE 

The  inputs  and  outputs  of  the  AMP-05  can  be  transposed  to 
make  a  precision  bipolar  current  source  (refer  to  Figure  9). 
Reference  and  sense  pins  become  differential  inputs  and  the 
"old"  input  now  monitors  the  voltage  across  a  precision 

FIGURE  9:  High-Compliance  Current  Source  With  16-Bit 
Linearity 


current-sense  resistor,  R1.  Voltage  gain  is  set  at  unity,  so  the 
transfer  function  is  simply  I0ut  =  V|N  idifienmtiah/R1-  Using  a 
100fl  resistor  for  R1  and  limiting  output  current  to  ±10mA,  a 
reasonable  limit  for  power  dissipation  reasons,  gives  a  ±1V 
input  requirement  for  full-scale  output.  Voltage  compliance  for 
±  10m  A  output  is  ±  10V  with  a  typical  output  resistance  of  50Win. 
Linearity  is  better  than  16-bits  at  this  current  level.  Potentio- 
meter R2  will  trim  the  output  current  to  zero  with  the  two  inputs 
grounded,  and  fine  gain  adjustment  is  accomplished  by  trim- 
ming Rs  or  RQ. 

If  the  class  B  output  stage  shown  in  Figure  10  Is  added  to  the 
basic  current-source,  then  the  output  current  capability  is 
increased  to  over  100mA  with  excellent  linearity. 

SERVO  AMPLIFIER 

The  AMP-05's  output  power  can  be  boosted  by  adding  a  simple 
class  B  output  stage  without  increasing  the  amplifier's  quiescent 
current  of  7mA  irefer  to  Figure  10).  The  47nF  capacitor 
connected  across  the  transistor's  base-emitter  junctions  pre- 
vents instability  at  V0Ut  near  ground,  and  reduces  high- 
frequency  crossover  distortion.  DC  linearity  is  typically  0.05% 
when  driving  ±10V  at  ±400mA. 


FIGURE  10:  Adding  two  transistors  increases  output  current  to  ±400mA  without  affecting  the  quiescent  current  of  7mA.  Power 
bandwidth  is  100kHz. 


i  OUTPUT 
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ANALOG-MULTIPLEXED  DATA  ACQUISITION  SYSTEMS 

For  conditioning  and  digitizing  multiple  analog  signals,  there 
are  two  traditional  system  approaches.  One  dedicates  an 
instrumentation  amplifier  to  condition  each  input  signal,  then 
the  high-level  outputs  are  multiplexed  and  ted  to  an  analog-to- 
digital  converter  1ADC1.  This  system  is  expensive  on  a  "per- 
channel"  basis.  A  more  economical  approach  is  to  multiplex 
unconditioned  analog  signals  and  feed  them  to  a  programmable- 
gain  instrumentation  amplifier,  which  conditions  them  before 
conversion.  The  per-channel  cost  drops  as  the  number  of 
channels  increases.  For  this  system  to  have  a  scan  rate 
comparable  to  the  first,  the  amplifier's  settling-time  should  be 
less  than  the  ADC's  conversion  time.  The  AMP-05,  with  its  fast 
settling-time  of  15/is  maximum  to  12  bits,  is  ideal  for  this  single 
IA  data  acquisition  system. 

A  digitally-controlled  gain  network  can  easily  be  added  to  the 
AMP-05  as  described  below. 

PROGRAMMABLE-GAIN  INSTRUMENTATION  AMPLIFIER 
(PGIA) 

Figure  11  shows  a  programmable  gain  instrumentation  amplifier 
with  digitally  selectable  gains  of  1, 10, 100,  and  1000.  Each  gain 
set  resistor  has  two  MOSFET  switches  connected  back-to-back 
to  prevent  all  but  leakage  current  from  flowing  when  a  switch  is 
OFF.  In  the  high  gain  positions  of  100  and  1000,  the  calculated 
values  of  gain  resistor,  Re,  are  reduced  to  compensate  for  the 
switch  ON  resistance.  The  nonlinear  switch  resistance  intro- 
duces a  slight  gain  nonlinearity  at  high  gain  settings.  The  PGIA 

FIGURE  11:  The  AMP-05  makes  an  excellent  programmable-gain  instrumentation  amplifier.  Combined  gain-switching  and  settling- 
time  to  12  bits  falls  below  20us.  Linearity  is  better  than  12  bits  over  a  gain  range  1  to  1000. 


selects  gain  values  in  20^s,  including  the  amplifier  settling-time. 
Gain  temperature  coefficient  depends  on  Rs,  RG,  and  on  the 
temperature  coefficient  of  the  MOSFET's  ON  resistance.  Values 
of  15  and  30ppm/°C  can  be  achieved  at  gains  of  1  and  1000, 
respectively,  despite  the  effect  of  the  high  tempco  switches. 

Where  fast  gain  switching  is  not  required,  reed  relays  can 
substitute  for  the  MOSFET  switches.  Reed  relays  have  lower 
ON  resistance  and  OFF  leakage  current  errors.  For  gains  of  100 
and  1000,  the  values  of  Rq  should  be  increased  to  1kil  and  10011 
respectively,  because  of  lower  switch  ON  resistance.  Gain 
linearity  is  improved  over  the  original  circuit. 

AUTO-ZERO  SYSTEMS 

Offset  voltage  and  drift  can  be  a  major  error  source  in  high- 
accuracy  systems  of  12  bits  and  above.  To  minimize  initial  offset 
voltage  and  its  associated  temperature  drift,  an  auto-zero 
system  can  be  employed.  The  technique  can  potentially  keep 
offset  errors  well  below  1  LSB  on  a  12-bit  system  over  wide 
variations  in  ambient  temperature. 

For  example,  consider  an  instrumentation  amplifier  set  to  a  gain 
of  1000  and  driving  a  12-bit  analog-to-digital  converter.  The 
input  offset  voltage  drift  is  2.5uV/°C,  and  the  output  offset 
voltage  drift  is  negligible.  The  equivalent  output  drift  is  1000  x 
2.5/uV/°C,  or  2.5mV/°C— more  than  1  LSB/°Cfora  10Vfull-scale 
range.  An  ambient  temperature  change  from  25°C  to  125°C 
would  produce  102  LSBs  of  drift,  excluding  the  ADC's  drift. 
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Obviously,  to  limit  drift  to  1  LSB  or  less  over  temperature 
demands  some  means  of  offset  correction.  Usually  both 
hardware  and  software  are  employed  to  generate  an  error 
correction  signal  which  is  fed  into  the  reference  input  of  the 
instrumentation  amplifier.  Software  alone  could  remove  the 
system's  offset  error,  but  at  the  expense  of  the  full-scale  range 
for  very  large  errors.  Part  of  a  typical  auto-zero  system  is  shown 
in  Figure  12. 

The  sequence  of  events  for  auto-zeroing  a  system  starts  with 
switching  the  multiplexer  so  that  the  amplifier's  two  inputs  are 
grounded.  The  amplifier  is  given  time  to  settle,  and  the  AOC 
i not  shown)  digitizes  any  system  offset.  The  computer  reads 
the  offset  and  feeds  a  digital  correction  to  the  digital-to-analog 
converter.  To  verify  that  the  offset  is  nulled,  a  second  conversion 
may  be  performed,  and  the  multiplexer  then  switches  to 
measure  the  input  signal. 

For  a  system  with  a  digitally  programmable  gain,  the  auto- 
zeroing  process  should  be  repeated  foreach  gain  setting.  Each 
correction  value  can  be  stored  in  memory  and  recalled  and 
refreshed  as  needed  to  correct  for  system  drift  with  time  and 
temperature. 

FIGURE  12:  Instrumentation  Amplifier  with  Offset  Correction  System 


SETTLING-TIME  MEASUREMENT 

Figure  13  is  the  test  circuit  used  to  measure  settling-time.  The 
circuit  technique  is  similar  to  the  "false  sum-node"  technique 
used  to  measure  op  amp  settling-time.  For  simplicity,  the 
connections  for  input  and  output  offset  nulling  are  not  shown 
on  the  circuit,  but  null  pots  are  required.  Measurement  set-up: 

1.  Set  switches  to  G  =  1,  ground  VIN,  and  short-circuit  RQ. 

2.  Adjust  V|0s  null  pot  for  minimum  output  voltage  on  pin  10. 

3.  Remove  short-circuit  from  Rq  and  adjust  Voos  null  pot  for 
minimum  output  voltage  on  pin  10. 

4.  Apply  a  low  frequency  l~100Hz)  20Vp.p  square-wave  to  V|N 
and  adjust  2001!  pot  for  minimum  square-wave  on  V0UT. 

5.  Increase  square-wave  input  frequency  and  monitor  Vqut 
with  an  oscilloscope.  Settling-time  to  a  0.025%  error  band  for 
a  20V  input  step  is  measured  with  limits  of  ±2.5mV  at  V0UT. 

Change  switch  gain-positions  and  repeat  settling-time 
measurements  for  G  =  10, 100,  and  1000. 
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INTRODUCTION 

The  function  of  a  unity-gain  buffer  is  to  accu- 
rately reproduce  the  input  signal  under  widely- 
varying  Joad  conditions.  To  do  this,  buffers  must 
have  high  input  impedance,  wide  bandwidth, 
and  high  output  drive.  Offsets  and  gain  error 
need  to  be  minimized. 

The  buffer  function  can  be  implemented  by  use 
of  general-purpose  operational  amplifiers  con- 
nected as  unity-gain  voltage  followers,  but 
higher  performance  can  be  obtained  by  optimiz- 
ing a  circuit  specifically  for  buffering.  A  design 
dedicated  to  unity-gain  buffering  and  using  no 


feedback  can  provide  better  frequency 
response.  In  addition,  output  current  can  be 
increased  substantially  beyond  that  of  conven- 
tional IC  operational  amplifiers. 

The  BUF-03  is  a  high-speed,  unity-gain  IC  that 
is  optimized  for  the  buffer  function.  A  FET  input 
provides  high  input  impedance.  On-chip  zener- 
zap  trimming  is  used  to  reduce  the  offset  volt- 
age. The  output  stage  is  designed  to  supply 
approximately  70mA  of  peak  current.  These  fea- 
tures combine  to  make  the  BUF-03  an  IC  analog 
buffer  of  unique  capability. 
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FEATURES 

•  Very  High  Slew  Rate    220V7usMln 

•  Wide  Bandwidth    63MHz 

•  Load  Drive  Current   70mA  Peak 

•  Easily  Drives  Large  Capacitlve  Loads  Without  Oscillation 

•  High  Input  Resistance   S  x  I0nn 

•  Low  Output  Resistance   2fl 

•  Very  Low  Bias  Current  (Warmed-Up)    400pAMax 

•  Low  Offset  Voltage   6mVMax 

•  Unity  Gain    0.997V7V 

•  Excellent  Gain  Linearity  0.015% 

ORDERING  INFORMATION! 


TA  =  25»C 

PACKAGE 

OPERATINO 

V08MAX 

TO-99 

TEMPERATURE 

(mV) 

8-PIN 

RANGE 

6 

BUF03AJ* 

MIL 

6 

BUF03EJ 

COM 

1S 

BUF03BJ* 

MIL 

15 

BUF03FJ 

COM 

'  For devices  processed  In  total  compliance  to  MIL-STD-883,  add /8S3  alter 
part  number.  Consult  factory  lor  663  data  sheet. 

tBum-in  is  available  on  commercial  and  industrial  temperature  range  parts  In 
cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book.  Section  2. 

GENERAL  DESCRIPTION 

The  BUF-03  Is  the  first  very  high-speed  monolithic  voltage 
follower.  Featuring  performance  previously  unobtainable  in  a 
monolithic  unit,  it  offers  a  combination  of  both  exceptional 
speed  and  excellent  Input/output  specifications.  Implemented 


in  an  open-loop  circuit  employing  source  followers  and 
emitter  followers,  the  BUF-03  utilizes  a  quasi-quad  FET  Input 
structure  to  optimize  both  speed  and  O.C.  input  character- 
istics. On-chip  zener-zap  trimming  is  used  to  achieve  low 
offset  voltage  while  careful  biasing  throughout  results  in 
excellent  gain  linearity  over  the  full  input  voltage  range. 

Applications  for  which  the  BUF-03  is  well-suited  include 
high-speed  line  drivers,  isolation  amplifiers  for  driving 
reactive  loads,  and  high-speed  sample-hold  circuits. 


PIN  CONNECTIONS 


NX. 

a 

NULL1 

7V+ 

N.C2  <J  . 

■A  •  OUTPUT 

TO-99  (J-Sutflx) 

IKPUTJ 

4 

V-(CASC) 

5  NULL 

OPTIONAL  OFFSET  NULLING  CIRCUIT 


SIMPLIFIED  SCHEMATIC 
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ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage    +18V 

Internal  Power  Dissipation  (Pd) 

In  Still  Air  Without  Heat  Sink  (Note  1)    1.00W 

Input  Voltage  (Note  2)    ±18V 

Continuous  Output  Current  (Note  3)   70mA 

Peak  Output  Current  (Note  3)   100mA 

Short  Circuit  Protection  (Note  3)   Indefinite  (Note  4) 

Maximum  Junction  Temperature  (Tj)   175°C 

Storage  Temperature  Range   -65°C  to  +175°C 

Operating  Temperature  Range  (Note  5) 

 -55°Cto+125°C 

Lead  Temperature  (Soldering,  60  sec)   300°C 


Dice  Junction  Temperature  (Tj)    -65°C  to  +175°C 

Thermal  Resistance  0JA  (Note  1 )  150°C/W 

Thermal  Resistance  0JC  (Note  1 )  40°C/W 

NOTES: 

1.  Based  on  MIL-STD-38510  published  thermal  resistance  specification  for  8 
lead  can-case  outline  C. 

2.  When  Vcc<  ±  18V.  the  maximum  Input  voltage  Is  equal  to  the  supply  voltage. 

3.  The  maximum  Pd  or  Tj  are  not  to  be  exceeded. 

4.  At  80mA. 

5.  When  operating  at  TA  >  +25°C,  heat  sinking  Is  required  to  insure  = 
+  175°C  specification  is  not  exceeded  using  the  equation  TjMAX  =  TA  +  ( Pd  x 
0JCMAX  +  0SAi  where  0SA  =  sink  to  ambient  thermal  resistance.  PMI 
recommends  using  either  the  Thermalloy  2227  or  1101  or  equivalent  when 
operating  up  to  TA  =  +  125°C. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  Rs  =  On.  TA  =  T(  =  25"C,  unless  otherwise  noted.  (Note  1 ) 


BUF-03A/E 

BUF-03B/F 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

AC  SPECIFICATIONS 

Slew  Rate 

SR 

RL>2kaCL  =  50pF. 
TA=T,-7S'C 

220 

250 

180 

250 

V/jiS 

Power  Bandwidth 

PBW 

VIN=10Vp.p,RL>2kn 

9 

8 

MHz 

Bandwidth 

BW 

iV,N  =  £2V(>.p 

63 

50 

MHZ 

Settling  Time 

's 

To  0.1%.  ±  10V  step 

90 

100 

ns 

Capacltive  Load  Capability 

Cload 

No  Oscillations 

1 

1 

(•F 

Propagation  Delay 

td 

Step  Input 

7 

7 

ns 

Rise  Time 

lr 

iV  =  0.5V 

7 

7 

ns 

Wide  Band  Input  Noise  Voltage 

v„ 

DC  to  SOMHz 

350 

400 

1"VRMS 

Input  Noise  Voltage  Density 

<>n 

f  =  10kHz 

50 

60 

nV/V  Hz 

DC  SPECIFICATIONS 

Input  Offset  Voltage 

Vos 

Rs<20k(llNote2> 

2 

6 

4 

15 

mV 

Input  Bias  Current 

'b 

150 

400 

180 

700 

PA 

Input  Resistance 

RIN 

5  X  10" 

4  X  101' 

(1 

Rt>  10kll 

0.9360 

0.9975 

0.9940 

0.9970 

voltage  Gain  (V,N  =  ±  10V i 

Av0 

RL  >  2k!) 

0.9945 

0.9960 

0.9930 

0.9950 

VAT 

RL>  ikn 

0.9925 

0.9945 

0.9905 

0.9930 

Nonlinearity  (Note  2) 

NL 

V,N  =  ±10V.RL>2kn 

V,N  =  ±7V.  RL>1k<l  l",u"'J, 

0.015 
0.013 

0.023 
0.023 

0.017 
0.015 

0.03 
0.03 

%F.S. 

V|N  =  +10V.0V.-10V 

Maximum  Output  Error 

OUTOI(or 

Rs  =  0to20kll(Note2) 

RL  >  2kf)  in  all  combinations 

40 

60 

50 

85 

mV 

Power  Supply  Rejection  Ratio 

PSRR 

Vs=±6Vto±18V 

0.10 

0.71 

0.15 

1.42 

mV/V 

Supply  Current 

No  Load 

19 

25 

19 

25 

mA 

Peak  Load  Current 

'llPKi 

70 

70 

mA 

Output  Resistance 

Ro 

2 

2 

n 

Offset  Voltage  Nulling  Range 

•IVos 

RP>  Ikn 

±80 

±80 

mV 

Input  Voltage  Range 
(Reduced  Accuracy) 

IVR 

±11.5 

±11.5 

V 

NOTES: 

1.  Electrical  parameters  are  pulse  tested  on  automated  test  equipment.  Total 
test  time  at  each  temperature  is  limited  to  less  than  one  second  maximum 
to  keep  Tj  approximately  equal  to  TA. 

2.  Parameters  specified  with  Rs  <  20kn  are  tested  at  Rs  =  0(1.  Limits  in  test 
program  are  adjusted  to  take  into  account  worst  case  voltage  offset 


induced  by  Rs  =  20kfl.  i.e..  IB  max  x  20kll. 

Nonlinearity  is  computed  using  linear  regression  techniques  with  data 
from  five  points  (e.g.,  -10V.  -5V.  0V.  +5V.  +  10V  for  ±  10V  full-scale  linearity; 
-7V,  -3.5V,  OV,  +3.5V.  and  +7V  for  ±7V  futl-scale  linearity). 
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BUF-03  HIGH-SPEED  VOLTAGE  FOLLOWER/BUFFER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  -55°  C  <  TA  <  +  125°C,  TA  =  T,,  unless  otherwise  noted.  (Note  1 ) 


PARAMETER 

SYMBOL 

CONDITIONS 

BUF-03A 
MIN  TYP 

MAX 

BLIF-flSB 
Bvr*vwi 

MIN  TYP 

MAX 

UNITS 

Stew  Rate 

SR 

RL2  2kn.  CL  =  SOpF 

—  220 

- 

—  220 

— 

V/fia 

Input  Offset  Voltage 

Vos 

Rs£2kfl 

—  6 

20 

—  10 

35 

mV 

Average  Input  Offset 
Voltage  Drift 

nft^  CKti.  inum  l i 

  50 

100 

  gQ 

170 

fiv/°c 

Input  Bias  Current 

TA=+125*C 

-  25 

75 

—  30 

90 

nA 

Voltage  Gain 

Avo 

RL£2kn,  V,N  =  ±10V 

0.9920  0.9955 

0.9902  0.9942 

WV 

Gain  Drift  with  Temperature 

-  5 

-  8 

ppm/*C 

Power  Supply  Rejection  Ratio 

PSRR 

V8  =  ±7Vto±15V 

-  0.15 

1.26 

—  0.20 

2.24 

mWV 

Supply  Current 

Isy 

TA  =  +12S«C 

—  18 

24 

-  18 

24 

mA 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  0°C  <  TA<  +70°C,  TA  =  Tj,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

BUF-03E 

MIN  TYP 

MAX 

BUF-03F 
MIN  TYP 

MAX 

UNITS 

Slew  Rate 

SR 

nL>2kn 

—  240 

-  240 

V/|iS 

Input  Offset  Voltage 

Vos 

Rs<2ka  CL  =  50pF 

—  4 

14 

-  7 

28 

mV 

Average  Input  Offset 
Voltage  Drift 

TCVos 

Rs<2ka  (Note  21 

-  40 

90 

—  80 

150 

(iV/*C 

Input  Bias  Current 

la 

TA  =  +70*C 

—  1.5 

5 

-  1.8 

8 

nA 

Voltage  Gain  (V,N  =  ±10V) 

Avo 

RL£2kfl 

0.9935  0.9958 

0.9918  0.9946 

V/V 

Gain  Drift  with  Temperature 

—  5 

-  8 

ppmAC 

Power  Supply  Rejection  Ratio 

PSRR 

V8  =  ±7Vt0±1SV 

—  0.12 

1 

-  0.16 

1.78 

mWV 

Supply  Current 

'sv 

TA  =  +70'C 

—  19 

25 

—  19 

25 

mA 

NOTES: 

1 .  In  order  to  operate  the  device  at  an  ambient  temperature  of + 125*  C,  more 
extensive  heat  sinking  must  be  used  to  ensure  that  the  chip  temperature 
never  exceeds  the  absolute  maximum  of +175"  C.  The  chip  temperature  of 
+  1659C  is  achieved  by  reducing  the  case-to-ambient  thermal  resistance 
to  30°C/W  (e.g..  Thermailoy  2227). 

2.  Guaranteed  by  design. 
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WAFER  TEST  LIMITS  at  Vs  =  ±15V,  Tj  =  25"  C.  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

BUF-03N 
LIMIT 

BUF-03G 
LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

Rs<20kn 

6 

15 

mV  MAX 

Vbltsge  Gain 

Av0 

RL>10ka  V,N  =  ±10V 

0.9960 

0.9940 

WVMIN 

Power  Supply  Rejection  Ratio 

PSRR 

Vs  =  ±6Vto±18V 

0.71 

1.42 

mV/V  MAX 

Supply  Current 

'sv 

No  Load 

25 

25 

mAMAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  T,  = 

25°  C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

BUF-03N 

TYPICAL 

BUF-03G 

TYPICAL 

UNITS 

Slew  Rate 

SR 

Rt2  2kn,CL  =  50pF 

220 

180 

V/)1S 

Peak  Load  Current 

•LIPK) 

70 

70 

mA 

Input  Bias  Current 

'b 

40 

60 

PA 

Input  Resistance 

"in 

5  X 1011 

S  X  10" 

n 

Output  Resistance 

nD 

2 

2 

n 

Offset  Voltage  Nulling  Range 

RP>1kfl 

±80 

±80 

mV 

Input  Voltage  Range 
(Reduced  Accuracy) 

IVR 

±11.5 

±11.5 

V 

Power  Bandwidth 

PBW 

ViN=iovpsl.RLa2kn 

9 

8 

MHz 

Bandwidth 

BW 

AVIN<2Vp 

83 

56 

MHz 

Settling  Time 

ts 

To  0.1*.  ±  10V  step 

90 

100 

ns 

Capadtive  Load  Capacity 

ClOAO 

No  Oscillations 

1 

1 

ff 

Propagation  Delay 

<d 

Step  Input 

7 

7 

ns 

Rise  Time 

lr 

iV,N  =  0.5V 

7 

7 

ns 

Wide  Band  Input  Noise  Voltage 

v„ 

DC  to  50MHz 

350 

400 

mVrms 

Input  Noise  Voltage  Density 

»n 

f=  10kHz 

50 

60 

O 

d 
o 

PL, 

PJ 

1 
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BUF-03  HIGH-SPEED  VOLTAGE  FOLLOWER/BUFFER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


SLEW  RATE  vs 
CAPACITIVE  LOAD 
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INPUT  BIAS  CURRENT 
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BUF-03  HIGH-SPEED  VOLTAGE  FOLLOWER/BUFFER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


NONLINEARITY  vs 
FULL-SCALE  VOLTAGE 
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BUF-03  HIGH-SPEED  VOLTAGE  FOLLOWER/BUFFER 


APPLICATIONS  INFORMATION 

OPERATING  THE  BUF-03  AT  REDUCED 
POWER  SUPPLIES 

In  most  video  applications  the  signal  levels  are  significantly 
lower  than  the  20V  peak-to-peak  capability  of  the  BUF-03. 
This  suggests  operating  the  BUF-03  at  reduced  power 
supplies;  for  example,  at  ±6V  supplies  ±2V  signals  can  be 
handled.  The  obvious  advantage  of  reduced  supplies  is  the 
accompanying  decrease  in  power  dissipation:  from  a  typical 
540mW  (=  30VX  18mA)  to  195mW  (=  12VX  16.2mA)  at  ±6V.  At 
lower  supply  voltages  heat  sinking  is  no  longer  necessary. 
However,  as  shown  on  the  slew  rate  vs  supply  voltage  curve, 
slew  rate  does  degrade  at  lower  supplies.  This  occurs 
because  of  higher  internal  node  capacitances  at  lower 
voltages  and  because  of  the  slightly  decreased  operating 
current. 
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INTRODUCTION 

A  comparator  provides  a  logic  output  indicating 
the  amplitude  relationship  between  two  analog 
signal  inputs. 

When  selecting  a  comparator,  certain  device 
parameters  must  be  considered  for  proper 
design  and  application.  These  parameters  are: 

Vos  (Input  Offset  Voltage) 
Response  Time 
Slew  Rate 

PSRR  (Power  Supply  Rejection  Ratio) 

Ib  (Input  Bias  Current) 

CMVR  (Common-Mode  Voltage  Range) 

Output  Configuration 

Voltage  Gain 

The  input  offset  voltage  (Vos)  for  a  comparator 
should  be  as  small  as  possible  because  in  a  high 
gain  circuit  it  is  the  dominating  factor  that  deter- 
mines the  exact  threshold  level.  For  this  reason, 
comparators  should  be  nulled  or  a  Precision 
Comparator  used  so  that  the  input  differential 
voltage  is  as  close  to  zero  as  practical  when  the 
output  is  at  the  logic  switching  threshold. 

The  voltage  gain  (Ay)  determines  the  sensitivity 
and  threshold  accuracy  of  a  comparator.  For  the 
ideal  comparator,  the  gain  could  be  considered 
infinite;  and  an  extremely  small  voltage  applied 
between  the  two  inputs  will  cause  a  change  in 
the  output.  In  practice,  some  minimum  voltage 
variation  will  be  required  at  the  input  to  effect  a 
change  in  the  output  state.  This  minimum  sensi- 
tivity will  be  determined  from  the  voltage  gain  of 
the  comparator.  The  relationship  is  as  follows: 

aw  AVo 
AV|N(MIN)  =  -j^ 

The  quantity  AVo  which  is  the  difference  between 
the  high  and  low  state  of  the  output  is  generally 
chosen  to  be  2.5V  to  insure  the  matching  of  the 
comparator  with  the  TTL  load. 

Precision  Monolithics'  comparator  product  line 
now  spans  high  precision,  low  power  and  high 
speed  comparators. 

The  CMP-01  is  a  fast  precision  comparator  with 
low  offset  voltage.  The  CMP-02  offers  the  CMP- 
01  "s  offset  voltage  performance  along  with  lower 
input  bias  currents. 


The  quad  CMP-04  offers  both  low  power  and 
low  offset  voltages.  Existing  "139"  type  applica- 
tions can  be  upgraded  by  the  pin  compatible 
CMP-04.  For  very  low  power  applications  the 
CMP-404  drops  into  the  "139"  pinout,  imme- 
diately reducing  power  consumption  to  1.5 
milliwatts.  The  PM-139/339  devices  provide 
equal  performance  to  "139/339"  type 
comparators. 

The  CMP-05  brings  together  superior  input 
specifications  with  very  fast  response  times.  This 
combination  makes  the  CMP-05  the  ideal  choice 
in  high-accuracy  10  and  12-bit  data  systems. 

The  latest  addition  to  the  PMI  comparator  line  is 
the  very  high  speed  ECL  output  CMP-08  which 
offers  9.5  nanosecond  response  time  in  the 
space-saving  8-pin  DIP  package. 

DEFINITIONS 

Average  Offset  Current  Drift  (TCIos)  —  The 

ratio  of  the  change  in  the  input  offset  current  to 
the  change  in  temperature  producing  it. 

Average  Offset  Voltage  Drift  (TCV0s)  —  The 

ratio  of  the  change  in  the  input  offset  voltage  to 
the  change  in  temperature  producing  it. 

Average  Offset  Voltage  Drift  With  External 
Trimming  (TCVosn)  —  The  ratio  of  the  change 
in  the  input  offset  voltage  to  the  change  in 
temperature  producing  it,  with  the  input  offset 
voltage  trimmed  to  zero  at  room  temperature. 

Common-Mode  Rejection  Ratio  (CMRR)  —  The 

ratio  of  differential  voltage  gain  to  common- 
mode  voltage  gain,  expressed  in  dB.  CMRR  is 
measured  as  the  ratio  of  the  change  in  common- 
mode  voltage  divided  by  the  change  in  input 
offset  voltage. 

<»"»-»"te)-« 

Common-Mode  Voltage  Range  (CMVR)  —  The 

range  of  common-mode  voltage  on  the  input 
terminals  for  which  operation  within  specifica- 
tions is  assured. 
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Differential  Input  Resistance  (Rin)  —  The  resist- 
ance looking  into  either  input  terminal  with  the 
other  grounded. 

Differential  Input  Voltage  —  The  range  of  vol- 
tage between  the  input  terminals  for  which 
operation  within  specifications  is  assured. 

Input  Bias  Current  (Ib)  —  The  average  of  the 
two  input  currents,  with  the  inputs  tied  together. 

Input  Offset  Current  (Jos)  —  The  difference 
between  the  currents  into  the  two  input  termi- 
nals when  the  output  is  within  a  specified  voltage 
range. 

Input  Offset  Voltage  (Vos)  —  The  voltage  app- 
lied between  the  input  terminals  to  obtain  a 
specified  output  voltage  range. 

Input  Slew  Rate  —  The  maximum  rate  of  change 
in  differential  and/or  common-mode  input  vol- 
tage which  the  input  stage  can  follow. 

Input  To  Output  High  Propagation  Delay  (tpd  +) 

—  The  time  measured  between  the  input  signal's 
Vos  crossing  and  the  output  voltage's  50%  low- 
to-high  transition  point.  Specified  for  a  given 
input  voltage  step  size  and  overdrive. 

Input  To  Output  Low  Propagation  Delay  (tpd-) 

—  The  time  measured  between  the  input  signal's 
Vos  crossing  and  the  output  voltage's  50%  high- 
to-low  transition  point.  Specified  for  a  given 
input  voltage  step  size  and  overdrive. 

Latch  Disable  Propagation  Delay  (t|_PD)  —  The 
time  measured  between  the  50%  transition 
points  of  the  latch  enable  signal  and  the  output 
signal  transition  point. 

Latch  Hold  Time  (th)  —  The  amount  of  time 
measured  from  50%  of  the  latch  enable  signal  to 
the  comparator-input  trip-point  crossing. 

Latch  Pulse  Width  (tw)  —  The  width  of  the  latch 
enable  pulse  measured  between  the  50%  points 
of  the  rising  and  falling  pulse  edges. 

Latch  Set-Up  Time  (t8)  —  The  amount  of  time 
measured  from  the  comparator-input  trip-point 
crossing  to  50%  of  the  latch  enable  control. 


Switching  Time  Waveforms 
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Offset  Voltage  Adjustment  Range  —  The  change 
in  offset  voltage  that  can  be  obtained  by  adjust- 
ing a  specified  external  nulling  potentiometer. 

Output  Leakage  Current  (Ileak)  —  The  current 
into  the  output  terminal  with  a  given  output  vol- 
tage and  input  drive  equal  to  or  greater  than  a 
specified  value. 

Output  Sink  Current  (Isink)  —  The  maximum 
negative  current  that  can  be  delivered  by  the 
comparator. 

Overdrive  (Vod)  —  The  input  step  voltage  (Vin) 
of  specified  size  drives  the  comparator  from 
some  initial  input  voltage  to  an  input  level  just 
barely  in  excess  of  that  required  to  bring  the 
output  from  its  high  or  low  state  to  the  logic 
threshold  voltage.  This  excess  is  defined  as  the 
voltage  overdrive. 

Positive  Output  Voltage  (Voh)  —  The  high  output 
voltage  level  with  a  given  load  and  an  input  drive 
equal  to  a  specified  value. 

Power  Supply  Rejection  Ratio  (PSRR)  —  The 

ratio  of  the  maximum  change  in  input  offset  vol- 
tage to  the  specified  change  in  power  supply 
voltage. 

Response  Time  (tr)  —  The  interval  between  the 
application  of  an  input  step  function  and  the 
time  when  the  output  crosses  the  logic  thresh- 
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old  voltage.  Logic  threshold  is  defined  as  the 
voltage  at  the  output  of  the  comparator  at  which 
the  loading  logic  circuitry  changes  its  digital 
state,  or,  as  1.4V  when  the  loading  logic  circuitry 
is  not  used. 

Saturation  Voltage  (Vol)  —  The  low  output  vol- 
tage level  with  a  given  sink  current  and  an  input 
drive  equal  to  a  specified  value. 


Supply  Currents  —  The  currents  required  from 
the  positive  or  negative  supplies  to  operate  the 
comparator  without  a  load. 

Voltage  Gain  (Ay)  —  The  ratio  of  the  change  in 
output  voltage  (over  a  specified  range)  to  the 
change  in  differential  input  voltage  producing  it. 


VOLTAGE  COMPARATOR  SELECTION  GUIDE 
Quad  Comparators 


V0S 

Ib 

■os 

Av 

tr 

ISY 

#0f 

Product 

mV 

nA 

nA 

V/mV 

ns 

mA 

Comps 

Features 

CMP04 

1 

100 

10 

80 

300 

2.0 

4 

Low  Power 

CMP404 

1 

50 

10 

50 

800 

0.30 

4 

Low  Power 

PM139 

2 

100 

25 

50 

1300 

2.0 

4 

Low  Power 

High  Speed  Comparators 

V0S 

Ib 

■os 

Av 

tr 

ISY 

#of 

Product 

mV 

nA 

nA 

V/mV 

ns 

mA 

Comps 

Features 

CMP08 

2.5  13000 

1300 

1.2 

9.5 

26 

1 

Very  High  Speed 

CMP05 

0.6 

1200 

80 

8 

55 

11 

1 

High  Speed 

PM119/219 

4.0 

500 

75 

10 

80 

11.5 

2 

High  Speed 

CMP01 

0.8 

600 

25 

200 

180 

8.0 

1 

Fast 

General  Purpose  Comparators 

V0S 

Ib 
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tr 

ISY 

#of 

Product 

mV 

nA 

nA 

V/mV 

ns 

mA 

Comps 

Features 

PM1 11/211 

3.0 

50 

5.0 

75 

180 

5.0 

1 

General  Purpose 

CMP02 

0.8 

50 

3.0 

200 

270 

8.0 

1 

Low  Input  Current 

3 

o 

h 


s 

o 
u 

1 
9 
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PMI)  CMP- 01 

FAST  PRECISION 
COMPARATOR 


Precision  AlunolithicS  Inc. 


FEATURES 

•  Fast  Response  Time    180ns  Max 

•  High  Input  Slew  Rate  92V/fis 

•  Low  Offset  Voltage   0.3mV  "typical,  0.8mV  Max 

•  Low  Offset  Current    4nA  Typical,  25nA  Max 

•  Low  Offset  Drift  1,iV/0C,  30pA/°C 

•  Standard  Power  Supplies  +5V  or  ±5V  to  ±18V 

•  Guaranteed  Operation  from  Single  +5V  Supply 

•  No  Pull-Up  Resistor  Required  for  TTL  Drive 

•  Wired  OR  Capability 

•  Fits  111, 106, 710  Sockets 

•  Easy  Offset  Nulling   Single  2kil  Potentiometer 

•  Easy  to  Use    Free  from  Oscillations 

ORDERING  INFORMATION! 


GENERAL  DESCRIPTION 

The  CMP-01  Is  a  monolithic  fast  precision  voltage  compara- 
tor using  an  advanced  NPN-Schottky  Barrier  Diode  process. 
It  features  fast  response  time  to  both  large  and  small  Input 
signals,  while  maintaining  excellent  input  characteristics. 
The  CMP-01  is  capable  of  operating  over  a  wide  range  of 
supply  voltages  including  single  ended  5  volt  supply.  The 
large  output  current  sinking  and  high  output  voltage  capa- 
bility assure  good  application  flexibility,  while  the  combina- 
tion of  fast  response,  high  accuracy,  and  freedom  from 
oscillation  assure  performance  in  precision  level  detectors 
and  12  and  13-bit  A/D  converters.  The  CMP-01  is  pin- 
compatible  to  earlier  1 1 1 , 106,  and  710  types.  For  applications 
requiring  lower  input  offset  and  bias  currents,  refer  to  the 
CMP-02  data  sheet. 


HERMETIC 


PIN  CONNECTIONS 


+2S'C 

PLASTIC 

OPERATING 

Vos 

TO-99 

DIP 

DIP 

TEMPERATURE 

(raV) 

8-PIN 

8-PIN 

S-PIN 

RANGE 

0.8 

CMP01J' 

CMP01Z' 

MIL 

0.8 

CMP01EJ 

CMP01EZ 

CMP01EP 

COM 

2.8 

CMP01CJ 

CMP01CZ 

CMP01CP 

COM 

'For  devices  processed  in  lolal  compliance  loMlL-STD-883,  add  /883  afler 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-In  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plaBtic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book,  Section  2. 


8-PIN  HERMETIC  MINI-DIP 
(Z-Sufflx) 

EPOXY  MINI-DIP 
(P-Sufflx) 


SIMPLIFIED  SCHEMATIC 


NONINVERTING 


3 


C1=:  <  RIB 


(*)  (p  (j) 


1 
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ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 


Total  Supply  Voltage,  V+  to  V-   38V 

Output  to  Ground   -5V  to  +32V 

Output  to  Negative  Supply  Voltage     50V 

Ground  to  Negative  Supply  Voltage   30V 

Positive  Supply  Voltage  to  Ground  +30V 

Positive  Supply  Voltage  to  Offset  Null   0to2V 

Power  Dissipation  (See  Note  1)  SOOmW 

Differential  Input  Voltage  ±11V 

Input  Voltage  (Vs=±  15V)   +15V 

Output  Sink  Current  (Continuous  Operation)  75mA 

Operating  Temperature  Range 

CMP-01    -550Cto+125°C 

CMP-01E, CMP-01  C   0°Cto+70oC 

DICE  Junction  Temperature  (Tt)    -65°  C  to + 150°  C 

Storage  Temperature  Range   .  -65°  C  to + 150°  C 

P-Suff ix   -65"  C  to  + 125°  C 


Lead  Temperature  (Soldering,  60  sec)    300°  C 

Output  Short-Circuit  Duration  —  to  ground   Indefinite 

to  V+  1  Minute 


NOTES: 

1.  Maximum  package  power  dissipation  vs.  ambient  temperature. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

TO-99(J) 

80*0 

7.1mW/"C 

Epoxy  Mlni-DIP  (P) 

36°  C 

6.6mW/'C 

Hermetic  Mlni-DIP  (Z) 

76°  O 

6.7mW/*C 

2.  Absolute  ratlrtgsapply  to  both  DICE  and  packaged  parts,  unless  otherwise 
noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  TA  =  25°  C,  unless  otherwise  noted. 


CMP-01 

CMP-01  E  CMP-01  C 

PARAMETER  SYMBOL  CONDITIONS  MIN      TVP     MAX  MIN      TYP     MAX  UNITS 


Input  Offset  Voltage 

Vos 

R8  s  Ski),  (Note  1) 

0.3  0.6 

—       0.4  2.8 

mV 

Input  OHset  Current 

'os 

(Note!) 

4  25 

-          5  80 

nA 

input  Bias  Current 

'b 

350  600 

—      400  900 

nA 

Differential  Inpul 
Resistance 


Rih 


(Note  2) 


150      300  — 


100      200  - 


Voltage  Gain 

Av 

V0 = 0.4V  to  2.4V,  (Notes  1.2) 

200 

500 

100 

500 

WmV 

Response  Time 
(Note  3) 

100mV  step,  SmV  Overdrive 
No  Load  (No  Pull-Up) 
Ski)  to  5v  (Putt-Up) 
TTL  Fan-Out  =  4,  No  Pull-Up 

110 
110 
110 

180 

110 
110 
110 

160 

ns 

5V  Step  5mV  Overdrive 
No  Load  (No  Pull-Up) 
Ski)  to  5v  (Pull-Up) 
TTL  Fan-Out  =  4,  No  Putl-Up 

180 
180 
160 

160 
160 
ISO 

Input  Slew  Rate 

92 

92 

V/ps 

Input  Voltage  Range 

CMVR 

±12.6 

±13 

±12.5 

±13 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

84 

110 

90 

110 

dB 

Power  Supply 
Rejection  Ralio 

PSRR 

6VSV8tS18V, 
-18VSV3_S0V 

80 

100 

74 

98 

dB 

Positive  Output 
Voltage 

Voh 

V,N2  3mV,  lo  =  320(iA 
V,N23mV,  lo°240fiA 
V,N23mV,  lo  =  0mA 

2.4 
2.4 

3.2 
4.8 

2.4 
2.4 

3.4 
4.8 

V 

Saturation  voltage 

Vol. 

V,„£-10mV.  l„nll  =  0mA 

V,N  S  -10mV.  lMnk  S  6.4mA 

VIN £  -10mV.  \Unk S  12mA  (CMP-01  only) 

0.18 
0.3 
0.36 

0.4 
0.4$ 
0.5 

0.16 
0.31 

0.4 
0.45 

V 

Output  Leakage  Current 

'leak 

V,Nal0mV,  Vo  =  +30V 

0.03 

2 

0.05 

8 

pA 

Positive  Supply  Current 

1+ 

V,NS-10mV 

5.6 

8 

5.8 

8.5 

mA 

Negative  Supply  Current 

V,NS-10mV 

1.3 

2.2 

1.3 

22 

mA 

Power  .Dissipation 

Pd 

V,NS-10mV 

103 

1S3 

103 

181 

mW 

Offset  Voltage 
Adjustment  Range 

Nulling  Pot  £  2kfl 

±6 

±5 

mV 

NOTES: 

1 .  These  parameters  are  specified  as  the  maximum  values  required  to  drive 
the  output  between  the  logic  levels  of  0.4V  and  2.4V  with  a  1  kft  lead  tied  to 
+5V;  thus,  these  parameters  define  an  error  band  which  takes  into 

2. 

3. 

account  Ihe  worst  case  enacts  of  voltage  gain  and  input  Impedance. 
Guaranteed  by  design. 
Sample  tasted. 
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CMP-01  FAST  PRECISION  COMPARATOR 


ELECTRICAL  CHARACTERISTICS  at  Vs+  =  5V.  Vs-  =  OV,  TA  =  25°  C,  unless  otherwise  noted. 


CMP-01  E 

CMP-01  C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN      TYP  MAX 

MIN      TYP  MAX 

UNITS 

Input  Offset  Voltage 

v0s 

Rs£5kn,  (NoteD 

—       0.4  1.5 

—       0.5  3J5 

mV 

Input  Offset  Current 

I  OS 

(Note  1) 

—         3  21 

—         4  65 

nA 

Input  Bias  Current 

<B 

—       280  500 

—       300  720 

nA 

Voltage  Gain 

A„ 

V0  =  0.4V  to  2.4V,  (Notes  1,2) 

—        50  — 

—        50  — 

V/mV 

lOOmV  Step,  5mV  Overdrive 

Response  Time 

tr 

5M1  to  SV  (Pull-Up) 

TTL  Fan-Out  =  4,  Skn  to  SV 

(Pull-Up) 

-  150  — 

-  150  - 

—  150  — 

—  150  — 

ns 

Input  Voltage  Range 

CMVR 

1.8  1.7-3.8  3.5 

1.8  1.7-3.8  3.5 

V 

Saturation  Voltage 

Vol 

V,N£-10mV,  l^„k<6.4mA 

-       0.3  0.45 

—       0.3  0.45 

V 

Positive  Supply  Current 

1+ 

V,Ms-10mV 

—       2.3  32 

—       Z4  3.8 

mA 

Power  Dissipation 

Pa 

V,NS-10nW 

—      11.5  18 

—        12  19 

mW 

ELECTRICAL  CHARACTERISTICS  at  Vs=  +15V,  -55°C<  TA<  125°  C,  unless  otherwise  noted. 

CMP-01 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

vos 

RsS5kn,  (Notel) 

Vs+  =  5V,Vs-  =  0V,(Note1| 

0.5 
0.6 

1.6 
2.8 

mV 

Average  Input  Offset 

Voltage  Drift 

Without  External  Trim 
With  External  Trim 

TCV0S 
TCVosn 

Rs=son 

1.5 
1 

(iWC 

Input  Offset  Current 

•os 

TA  =  +  125*C,(Note1) 
TA  =  -55°  C,  ( Note  1 ) 

4 

5 

25 
45 

nA 

Average  Input  Offset 

TCI0S 

+25"C£TAS+12S'C 

12 

pA/°C 

Current  Drift 

-55'C<TA<+2S»C 

35 

Input  Bias  Current 

la 

TA=+125'C 
TA  =  -55'C 

330 
550 

600 
1400 

nA 

Voltage  Gain 

Av 

V0  =  0.4V  to  2.4V,  (Notes  1. 21 

100 

500 

V/mV 

Response  Time 

«r 

lOOmV  Step,  5m V  Overdrive.  (Note  2) 
TA  =  +  12S°C.NoLoad 

220 

ns 

TA=-55"C,  No  Load 

too 

Input  Voltage  Range 

CMVR 

+  12 

±13 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

88 

106 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

5V  S  Vst  S  15V. -15V  £  VS-  <  OV 

75 

96 

dB 

Positive  Output  Voltage 

Voh 

VIN2  4mV.lo°200|!A 

2.4 

3 

V 

Saturation  Voltage 

V|N<-10mV.I,lnK  =  OmA 
VlN  S  -  10mV,  lM  =  6.4mA 

0.20 
0.32 

0.4 

0.5 

V 

NOTES: 

1 .  Those  parameters  are  specified  as  the  maximum  values  required  to  drive 
the  output  between  the  logic  levels  of  0.4V  and  2.4  V  with  a  1  kfl  load  tied  to 
+5V;  thus,  these  parameters  define  an  error  band  which  takes  into 
account  the  worst  case  effects  of  voltage  gain  and  input  impedance. 

2.  Guaranteed  by  design. 
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CMP-01  FAST  PRECISION  COMPARATOR 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  0°C  <  TA<  70°  C,  unless  otherwise  noted. 


CMP-01E 

CMP-01  C 

PARAMETER 

SYMBOL 

CONDITIONS 

M1N 

TYP 

WAX 

MIN 

TYP 

MAX 

UNIT8 

Input  Offset  Voltage 

Vos 

RsS5kn,(Note1) 

Vs+  =  5V,Vs-=0V,(Note1) 

- 

0.4 
0.5 

1.4 
2.4 

- 

0.5 
0.8 

3.5 
4.3 

mV 

Average  Input  Offset 

Voltage  Drift 

Without  External  Trim 

TCVqs 

Rs  =  50fl 

— 

13 

- 

_ 

1.8 

— 

wWC 

With  External  Trim 

TCVos„ 

— 

1.0 

— 

1.2 

— 

Input  Offset  Current 

OS 

TA=+70°C,  (NoteU 
TA=0°C,(Note1) 



- 

4 
5 

25 
45 



- 

5 
8 

80 
120 

nA 

Average  Input  Offset 

TCI0S 

+25'CSTAS+70*C 

— 

12 

- 

— 

12 

— 

pA/"C 

Current  Drift 

0°CSTAS+25°C 

35 

40 

Input  Bias  Current 

l0 

TA=+70°C 
TA  =  0"C 

- 

330 
400 

600 
850 

— 

340 
450 

800 
1200 

nA 

Voltage  Gain 

AV 

V„  =  0.4V  to  2.4V,  (Notes  1, 2) 

100 

500 

70 

500 

- 

V/mV 

IfJOmV  Step,  SmV  Overdrive 

Response  Time 

«r 

TA=+70'C,  No  Load 

_ 

ISO 

_ 

150 

_ 

ns 

TA=0»C,  No  Load 

100 

- 

100 

Input  Voitage  Range 

CMVR 

±12.0 

±13.3 

±12.0 

±13.3 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

90 

108 

86 

108 

dB 

Power  Supply 
Rejection  Ratio 

P8RR 

5V <  Vs+S  15V,  -15V £  VS.S 0V 

77 

88 

70 

88 

dB 

Positive  Output  Voltage 

V0H 

V,N24mV,  l0  =  200pA 

2.4 

3.2 

2.4 

3.2 

V 

Saturation  Voltage 

Vol 

V,N£-10mV,  !,,„„  =  0 
V,N  £  -10mV,  \„„k  =  6.4mA 

0.17 
0.3 

0.4 
O.S 

0.17 
0.31 

0.4 
OS 

V 

NOTES: 

1.  These  parameters  are  specified  as  the  maximum  values  required  to  drive 
the  output  between  the  logic  levels  of  0.4  V  and  2.4V  with  a  1  kn  load  tied  to 
+5V;  thus,  these  parameters  define  an  error  band  which  takes  Into 
account  the  worst  case  effects  of  voltage  gain  and  input  impedance. 

2.  Guaranteed  by  design. 
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CMP-01  FAST  PRECISION  COMPARATOR 


DICE  CHARACTERISTICS 


1.  GROUND 

2.  NONINVERTING  INPUT 

3.  INVERTING  INPUT 

4.  NEGATIVE  SUPPLY  (SUBSTRATE) 

5.  BALANCE 

6.  BALANCE 

7.  OUTPUT 

8.  POSITIVE  SUPPLY 


Far  additional  DICE  ordering  information,  refer 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs=  ±  15V,  TA  =  25°C. 


PARAMETER 

SYMBOL 

CONDITIONS 

LMr-Ul  PI 
LIMIT 

CMP-01  GR 
LIMIT 

UNITS 

Input  Offset  Voltage 

v0s 

Rs<5kfl.  (Nolefi 

0.8 

2.8 

mV  MAX 

Input  Offset  Current 

'os 

I  Note  1) 

25 

80 

nA  MAX 

Input  Bias  Current 

'a 

600 

900 

nA  MAX 

Differential  Input  Resistance 

RIN 

(Note  2) 

150 

100 

kflMlN 

Input  Voltage  Range 

CMVR 

±12.5 

±12.5 

V  MIN 

Common-Mode  Rejection  Ratio 

CMRR 

VCM  =  ±CMVR 

94 

90 

dBMIN 

Power  Supply  Rejection  Ratio 

PSRR 

5V<  Vs+<  1BV 
-18V<VS-<0V 

80 

74 

dB  MIN 

Positive  Output  Voltage 

Voh 

V,N>3mV.  lo  =  320MA 
V,N5  3mV.  lo  =  240nA 

2.4 

2.4 

V  MIN 

Saturation  Voltage 

Vol 

'sink  =  6  4mA 

0.45 

0.45 

VMAX 

Output  Leakage  Current 

'leak 

V|N>10mV,  Vo=30V 

2 

8 

kAMAX 

Positive  Supply  Current 

l  + 

V|N<-10mV 

8.0 

8.5 

mA  MAX 

Negative  Supply  Current 

I- 

V,N<-10mV 

2.2 

2.2 

mA  MAX 

Power  Consumption 

Pd 

V,N<-10mV 

153 

161 

mW  MAX 

NOTES: 

1 .  These  parameters  are  specilied  as  the  maximum  values  required  to  drive 

the  output  between  the  logic  levels  of  0.4V  and  2.4V  with  a  1  kO  load  tied  to  2. 

+  5V;  thus,  these  parameters  define 
the  worst  case  effects  of  voltage  ge 
Guaranteed  by  design. 

an  error  band  which  takes  into  account 
in  and  Input  impedance. 

WAFER  TEST  LIMITS  at  vs+  =5V  and  Vs-  =0V,  TA  =  25°C. 

PARAMETER 

SYMBOL 

CONDITIONS 

CMP-01  N 
LIMIT 

CMP-01  GR 
LIMIT 

UNITS 

Input  Oflset  Voltage 

Vos 

Rs*  5kil.  [Note  11 

1.5 

3.5 

mV  MAX 

Input  Oltset  Current 

'OS 

21 

65 

nA  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  In  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  lor  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


DIE  SIZE  0.065  X  0.043  inch,  273D  sq.  mils 
(1.651  X  1.092  mm,  1.803  sq.  mm) 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  vs  =  ±15v,  and  25° C. 


PARAMETER 

SYMBOL 

CONDITIONS 

CMP-01  N 
TYPICAL 

CMP-01  GR 
TYPICAL 

UNITS 

Average  Input  Offset 
Voltage  Drift 

TCV0S 

Rs  =  50fl 

1.5 

1.8 

(iV/°C 

Average  Input  Offset 
Current  Drift 

TCIos 

35 

40 

pA/°C 

Response  Time 

t, 

1O0mV  Step.  5mV  Overdrive 

No  Load  ( No  Pull-Up),  TA  =  25°  C 

110 

110 

ns 
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CMP-01  FAST  PRECISION  COMPARATOR 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


RESPONSE  TIME, 
100mV  STEP,  SmV  OVERDRIVE,  VARIOUS  LOADS 


RESPONSE  TIME  It 


90  120 
RESPONSE  TIME  (hoc) 


RESPONSE  TIME  TEST  CIRCUIT 


-  !2pF  INCLUDING  PROBE 
AND  JIG  CAPACITANCE 


TTL  GATE 
OR  INVERTER 
FAN'OUT  -  4 


soon  I 
1 


OV  .  L 
0V 


I 


Vin-  FALL:  IVos*  OVERDRIVEI 
V  RISE:  [VOS-  OVERDRIVE] 


INPUT  OFFSET  ERROR  vs 
SOURCE  RESISTANCE 


OFFSET  VOLTAGE  vs 
TEMPERATURE 


>  0.10 

S 


- 

-u 

:D 

1.  CMP-01 
CMP-01  £ 
_        (ifC  TO  7ff*C|  _ 

CM 

1C 

1 

s 

-J 

¥UL 

r 

\ 

\ 

— 

)- 

\ 

. 

Rs-son 

1   1  1 

INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 

i — i — r 

-1BV  <  Vs-  <  0  - 


MATCHED  SOURCE  RESISTANCE  (Ml) 


-25       0       25       60       75      100  125 
TEMPERATURE  (*C> 


TEMPERATURE  (*C) 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


;  700 
j  6oo 

i  500 

I 

j  400 
300 
200 


INPUT  BIAS  CURRENT 
vs  DIFFERENTIAL 
INPUT  VOLTAGE 


7n 

AC 

GE 

TA-26"C 

-t-M- 

0 

I 

too 

z 

ce 

200 

cc 

u 

300 

a 

D 

400 

ypUT 

500 

I 

600 

E 

> 

700 

INPUT  VOLTAGE  RANGE 
vs  TEMPERATURE 


TEMPERATURE  CO 


-6        -4          0          4  B 
DIFFERENTIAL  INPUT  VOLTAGE  IVOLTSI 


-25      0      25  75  125 

TEMPERATURE  (°C) 
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CMP-01  FAST  PRECISION  COMPARATOR 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


OFFSET  TRIMMING  AND 
STROBE  CIRCUIT 


RESPONSE  TIME 
FOR  SV  STEP  AND  5mV  OVERDRIVE 


/ 

INPl 

T 

ou 

PUT 

NO 

LOAD 

VS 

-itsv 

-25"C 

■  son  — 

i 

«S 

I. 

3 


So 


1 

LOAD  — 
-  +t5V 
■  9«?>r  

NC 

"s 

"s 

-  50f 

1 

INPl 

r 

PUT 

100  200 
RESPONSE  TIME  Intact 


100  200 
RESPONSE  TIME  (rmc) 
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APPLICATIONS  INFORMATION 

The  CMP-01  provides  fast  response  times  even  with  small 
overdrives;  to  achieve  this  performance  requires  very  high 
gain  at  high  frequencies.  The  CMP-01  is  completely  free  of 
oscillations;  however,  small  val  ues  of  stray  capacitance  from 
output  to  input  when  combined  with  high-source  resistances 
can  cause  an  unstable  condition.  DC  characteristics  are  not 
affected,  but  when  the  input  is  within  a  few  microvolts  of  the 
transition  level,  certain  conditions  can  create  an  oscillation 
region.  The  width  of  this  oscillatory  region  and  the  size  of 
source  resistance  where  oscillations  begin  is  a  strong  func- 
tion of  the  stray  coupling  present.  The  following  suggestions 
are  offered  as  a  guide  towards  minimizing  the  conditions  for 
oscillation:  matched  source  resistors,  minimized  stray  capac- 
itances (e.g.,  a  ground  plane  between  output  and  input),  or 
capacitive  output  loading  (C|_).  The  capacitive  loading  tech- 
niques will  eliminate  the  oscillations,  but  result  in  slower 
response  time.  Matched  bypass  capacitors  across  the  input 
resistors  also  can  eliminate  the  instability, 

j  ,1 ^      ■-  /maximum  step  size\ 

and  if  Cs  >  20pF  ( —r-.  ^-p- 

\minlmum  overdrive/ 

the  response  time  will  approximate  the  response  time  for  low 
values  of  Rg.  It  should  be  noted  that  the  offset  nulling 
terminals  do  not  require  bypassing  for  stability.  As  with  all 


COMPARATOR 


wideband  circuits,  it  is  recommended  that  the  supplies  be 
bypassed  near  the  socket  of  the  device. 

MINIMIZING  OSCILLATION 


BURN-IN  CIRCUIT 


V+ 

[fl  «1BV 

QUO  l^^^sj'  001 

♦  IN  2/  f-^fS^    |  JB  BALANCE 

-IN  3\J.  BALANCE 

V-(CASE) 

MILSTD-883,  METHOD  1015.  CONDITION  0 

8-BIT  TRACKING  A/D  CONVERTER 


1/2  7474 

TYPE  "D" 
FLIP-FLOP 


FOR  CLOCK  RATE  *  3.0MHt 
C  -  47DpF 


Vin  -  0  TO  *10V 
H|N  -  4.8kn 

B  o  

MAXIMUM  FULL  SCALE 
SINE  WAVE  INPUT 
IS  4000H*. 


r 


t 


8234 
UP/DOWN 
COUNTER 


MAXIMUM  CLOCK  RATE  -  lOMKr 


6  Is  T< 


DAC-100CCQ3 
to-BIT  D/A  CONVERTER 


FULL  SCALE 
ADJUST 


♦6V  TRACK 
HOLD 


0  1!" 


DIGITAL 
OUTPUT 
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PMI) 


CMP- 02 

LOW-INPUT-  CURRENT 
PRECISION  COMPARATOR 


Precision  Alonolithics  Inc. 


FEATURES 

•  Low  Offset  Voltage   0.3mV  Typ,  0.8mV  Max 

•  Low  Offset  Current   0.3n A  Typ,  3n A  Max 

•  Low  Bias  Current    28nA  Typ,  SOnA  Max 

•  Low  Offset  Drift  1/iV/°C,  4pA/°C 

•  High  Gain    200,000  Mln 

•  High  CMRR   110dB  Typ,  94dB  Mln 

•  High  Input  Impedance    16Mtt 

•  Fast  Response  Time    180ns  Typ,  270ns  Max 

•  Standard  Power  Supplies  +5V  or  ±5V  to  ±18V 

•  Guaranteed  Operation  from  Single  +5V 

•  No  Putl-Up  Resistor  Required  for  TTL  Drive 

•  Wired  OR  Capability 

•  Fits  111, 108, 710  Sockets 

•  Easy  Offset  Nulling   Single  2kfi  Potentiometer 

•  Easy  to  Use    Free  from  Oscillations 

ORDERING  INFORMATION! 


PACKAGE 

+2S"C 

HERMETIC 

PLASTIC 

OPERATING 

v0s 

TO-99 

DIP 

TEMPERATURE 

(mV) 

8-PIN 

8-PIN 

RANGE 

OS 

CMP02EP 

COM 

2.8 

CMP02CJ 

CMP02CP 

COM 

t Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip.  and  TO*can  packages.  For  ordering  information,  see  1988 
Data  Book.  Section  2. 


GENERAL  DESCRIPTION 

The  CMP-02  is  a  monolithic  low  Input  current  comparator 
using  an  advanced  NPN-Schottky  Barrier  Diode  process.  It 
features  superior  input  characteristics  with  extremely  low 
offset  voltage,  offset  current,  bias  current  and  temperature 
drift.  High  common-mode  and  power  supply  rejection  plus 
good  response  time  contribute  to  excellent  performance  in 
the  most  demanding  applications.  The  balanced  offset 
nulling,  large  output  drive,  and  wired-OR  capability  com- 
bined with  internal  pull-up  maximize  application  conven- 
ience. The  CMP-02  is  capable  of  operating  over  a  wide  range 
of  supply  voltages,  including  single  plus  5  volt  supply 
operation,  and  is  pin-compatible  to  earlier  111, 106,  and  710 
types.  For  applications  requiring  faster  response  time,  please 
refer  to  the  CMP-01  fast  precision  comparator  data  sheet! 

PIN  CONNECTIONS 


-IN  BALANCE 
V- (CASE! 


EPOXY  MINI-DIP 
(P-Sufflx) 


TO-99 
(J-Sufflx) 


SIMPLIFIED  SCHEMATIC 


BTIKO  .J 


NON-INVERTING 

INPUT 
INVERTING 


-fer-K- 


<p  <t>  <s> 
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CMP-02  LOW-INPUT-CURRENT  PRECISION  COMPARATOR 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 


Total  Supply  Voltage,  V+  to  V-   36V 

Output  to  Ground   -5Vto+32V 

Output  to  Negative  Supply  Voltage    50V 

Ground  to  Negative  Supply  Voltage    30V 

Positive  Supply  Voltage  to  Ground    30V 

Positive  Supply  Voltage  to  Offset  Null    0  to  2V 

Power  Dissipation  (See  Note  1 )   SOOmW 

Differential  Input  Voltage    +11 V 

Input  Voltage  (VS  =  +15V)    ±15V 

Output  Sink  Current  (Continuous  Operation)   75mA 

Operating  Temperature  Range 

CMP-02E,  CMP-02C   0°Cto+70oC 

DICE  Junction  Temperature  (Tj)    -65°  C  to  +150°  C 

Storage  Temperature  Range    -65°  C  to  + 150°  C 

P-Suffix    -650Cto  +  1250C 


Lead  Temperature  (Soldering,  60  sec)    300° C 

Output  Short-Circuit  Duration  —  to  ground   Indefinite 

to  V+  1  Minute 


NOTES: 

1.  Maximum  package  power  dissipation  vs.  ambient  temperature. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

TO-99U) 

80°  C 

7.1mYWC 

Mlnl-DIP  (P) 

38"  C 

5.6mW/°C 

2.  Absolute  ratings  apply  to  both  DICE  and  packaged  parts,  unless  otherwise 
noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  +  15V,  TA  =  25°C,  unless  otherwise  noted. 


CMP-02E 

CMP-02C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Olfset  Voltage 

Vos 

Rs£5kf).  (Note  1] 

— 

0.3 

0.8 

— 

0.4 

2.8 

mV 

Input  Offset  Voltage 

Vos 

Rs£50kn,  (Notel) 

— 

0.3 

0.9 

— 

0.4 

3 

mV 

Input  Offset  Current 

'os 

(Note!) 

- 

0.3 

3.0 

- 

0.4 

15 

nA 

Input  Bias  Current 

'b 

28 

50 

35 

100 

nA 

Differential  Input 
Resistance 

(Note  2) 

1.7 

3 

0.9 

2 

Mn 

voltage  Gain 

A„ 

VG=  1  to3V,  (Note  2) 

200 

500 

100 

500 

V/mV 

lOOmV  step,  SmV  Overdrive 

Response  Time 

t. 

No  Load  (No  Pull-Up) 

190 

270 

190 

270 

(Note  3) 

5kf)  to  5V  (Pull-Up) 

190 

190 

ns 

TTL  Fan-Out"  4,  No  Pull-Up 

190 

190 

Input  Slew  Rate 

IS 

15 

V/fis 

Input  Voltage  Range 

CMVR 

+12.5 

±13.0 

±12.5 

±13.0 

V 

Common-Mode 
Re|ection  Ratio 

CMRR 

04 

110 

90 

110 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

5VSVstS18V, 
-18V£Va-£0V 

80 

100 

74 

98 

dB 

Positive  Output 
Voltage 

Voh 

VIN2  3mV,  lo°320;iA 
VIN>3mV,  10  =  240*1  A 

2.4 

3.2 

2.4 

3.4 

V 

V,N2  3mV,  lo  =  0mA 

2.4 

4.8 

2.4 

4.8 

V,N£-10mV,  !„„,,  =  0mA 

0.18 

0.40 

0.18 

0.40 

Saturation  Voltage 

Vol 

V|N  £  -10mV,  lrtnk  £  6.4mA 

0.3 

0.45 

0.31 

0.45 

V 

V,N£-10mV,  l,jnkS  12mA  (CMP-02  only) 

0.36 

0.5 

Output  Leakage  Current 

'leak 

V|N210mV,  Vo«+30V 

0.03 

2.0 

0.05 

8.0 

eA 

Positive  Supply  Current 

l+ 

V,N£-10mV 

5.5 

8.0 

5.6 

8.5 

mA 

Negative  Supply  Current 

V,N£-10mV 

1.1 

22 

1.2 

22 

mA 

Power  Dissipation 

Pd 

V,N£-10mV 

99 

153 

102 

161 

mW 

Offset  voltage 
Adjustment  Range 

Nulling  Pot  2  2kf) 

±5 

±5 

mV 

c/3 
Pi 

o 

S< 
pi 

o 
u 

i 


NOTES: 

1.  These  Parameters  are  specified  as  the  maximum  values  required  to  drive 
the  output  between  the  logic  levels  of  0.4V  and  2.4V  with  a  1  kn  load  tied  to 
+5V;  thus,  these  parameters  define  an  error  band  which  takes  Into 


account  the  worst  case  effects  of  voltage  gain  and  Input  impedance. 

2.  Guaranteed  by  design. 

3.  Sample  tested. 
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CMP-02  LOW-INPUT-CURRENT  PRECISION  COMPARATOR 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  5V,  VS-  =  OV,  TA  =  25°C,  unless  otherwise  noted. 


CMP-02E 

CMP-02C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

Ft3£5kn.  (Motel! 



0.4 

1.5 



0.5 

3.5 

mV 

Input  Offset  Current 

los 

(Note  1! 



0.2S 

3 



0.35 

14 

nA 

Input  Bias  Current 

Ib 



24 

45 



30 

90 

nA 

Voltage  Gain 

Av 

V0=1to3V 

50 

_ 

50 

_ 

V/mV 

100mV  Step,  5mV  Overdrive 

250 

250 

Response  Time 

t, 

5knto5VlPull-Up) 

— 

— 

ns 

TTL  Fan-Out  =  4,  Ska  to  5V 

— 

250 

— 

250 

Input  Voltage  Range 

CMVR 

1.8-3.5 

1.7-3.8 

— 

1.8-3.5 

1.7-3.8 

— 

V 

Saturation  Voltage 

Vol 

V|N  £  -3.5mV.  I5ink  <  6.4mA 

0.3 

0.45 

0.3 

0.45 

V 

Positive  Supply  Current 

1+ 

V,N<-10mV 

2.2 

3 

2.3 

3.6 

mA 

Power  Dissipation 

P<! 

V,N<-10mV 

11 

15 

11.5 

18 

mW 

NOTE: 

1.  These  Parameters  are  specified  as  the  maximum  values  required  to  drive 

the  output  between  the  logic  levels  of  0.4V  and  2.4V  with  a  1  kn  load  tied  to 

+5V;  thus,  these  parameters  define  an  error  band  which  takes  into 

account  the  worst  case  effects  of  voltage  gain  and  input  impedance. 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  0"C  <  TA  <  70°C.  unless  otherwise  noted. 

CMP-02E 

CMP-02C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

Rs<5kn.  (Note  1) 

Vst  =  5V,Vs_=0V,(Note1) 

0.4 
0.5 

1.4 
2.4 

0.5 
0.6 

3.5 
4.3 

rnv 

Average  Input  Offset 

Voltage  Drift 

Without  External  Trim 

TCVqs 

Rs  =  50fl 

1.5 

1.8 

liV/'C 

With  External  Trim 

TCVosn 

Rs=son 

1 

1.2 

Input  Offset  Current 

'os 

TA  =  +70°C,  (NoteD 
TA  =  0°C.  (Note  1) 

0.3 
0.4 

3 
6 

0.4 
0.5 

15 
25 

nA 

Average  Input  Offset 

TCIos 

+25°CSTA<+70,C 

2 

3 

PA/°C 

Current  Drift 

0°C<TA<+25°C 

4 

5 

Input  Bias  Current 

Ib 

TA=+70°C 
TA=0°C 

26 
34 

50 
80 

33 
42 

100 
160 

nA 

Voltage  Gain 

Av 

V0  =  1  to  3V,  (Note  2) 

100 

500 

70 

500 

V/mV 

lOOmV  Step.  SmV  Overdrive 

Response  Time 

t, 

TA  =  +70°C.  No  Load 

225 

225 

ns 

TA  =  0°C.  No  Load 

180 

180 

Input  Voltage  Range 

CMVR 

±12.0 

±13 

±12 

±13 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

90 

108 

86 

108 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

5V  <  Vs+  <  15V.  -15V  <  Vs_  <  OV 

77 

98 

70 

88 

dB 

Positive  Output  Voltage 

V0H 

V,N64mV.  lo  =  200/iA 

2.4 

3.2 

2.4 

3.2 

V 

Saturation  Voltage 

Vol 

VmS-IOmV.I^^O 
V,N  <  -lOmV.        =  6.4mA 

0.17 
0.30 

0.4 
0.5 

0.17 
0.31 

0.4 
0.5 

V 

NOTES: 

1.  These  Parameters  are  specified  as  the  maximum  values  required  to  drive 
the  output  between  the  logic  levels  of  0.4V  and  2.4V  with  a  1  knioad  tied  to 
+5V;  thus,  these  parameters  define  an  error  band  which  takes  into 
account  the  worst  case  effects  of  voltage  gain  and  input  impedance. 

2.  Guaranteed  by  design. 
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 pj^|^CMP-02  LOW-INPUT-CURRENT  PRECISION  COMPARATOR 

DICE  CHARACTERISTICS 


1.  GROUND 

2.  NONINVERTINQ  INPUT 

3.  INVERTING  INPUT 

4.  NEGATIVE  SUPPLY  (SUBSTRATE) 

5.  BALANCE 

6.  BALANCE 

7.  OUTPUT 

8.  POSITIVE  SUPPLY 


For  additional  DICE  ordering  Information,  refer 
to  1988  Data  Book,  Section  2. 


DIE  SIZE  0.065  x  0.043  Inch,  2730  sq.  mils 
(1.651  X  1.094  mm,  1.806  sq.  mm) 


WAFER  TEST  LIMITS  at  Vs  =  ±15V.  TA  =  25"  C. 

PARAMETER 

SYMBOL 

CONDITIONS 

CMP-02N 
LIMIT 

CMP-02GR 
LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

RsS5kn 
Rs£50kn 

0.8 
0.9 

2.8 
3 

mV  MAX 

Input  Offset  Current 

'os 

3 

15 

nA  MAX 

Input  Bias  Current 

iB 

50 

100 

nA  MAX 

Differential  Input  Resistance 

"in 

1.7 

0.9 

Mil  MIN 

Input  Voltage  Range 

CMVR 

+  12.5 

±12.5 

VMIN 

Common-Mode  Rejection  Ratio 

CMRR 

VcM=±CMVR 

94 

90 

dB  MIN 

Power  Supply  Rejection  Ratio 

PSRR 

5V£VS  +  £18V 
-18V£VS-<0V 

80 

74 

dB  MIN 

Positive  Output  Voltage 

V0H 

V|N>3mV.  I0=32<VA 
VIN>3mV.  lo  =  240»iA 

2.4 

2.4 

VMIN 

Saturation  voltage 

Vol 

'•Ink  ""6.4mA 

0.45 

0.45 

VMAX 

Output  Leakage  Current 

'leak 

V,N£10mV,  Vo  =  30V 

2 

8 

pAMAX 

Positive  Supply  Current 

1+ 

V,N<-10mV 

8 

8.5 

mA  MAX 

Negative  Supply  Current 

1- 

VIN£-10mV 

2.2 

2.2 

mA  MAX 

Power  Consumption 

Pd 

V|N£-10mV 

153 

161 

mW  MAX 

WAFER  TEST  LIMITS  at  Vs+  =  5V  and  Vs-  =  0V,  TA  =  25°C. 

PARAMETER 

SYMBOL 

CONDITIONS 

CMP-02N 

LIMIT 

CMP-02GR 
LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

RsS5k(t 

1.5 

3.5 

mV  MAX 

Input  Offset  Current 

'OS 

3 

14 

nAMAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V 


assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


PARAMETER 

SYMBOL 

CONDITIONS 

CMP-02N 
TYPICAL 

CMP-02GR 

TYPICAL 

UNITS 

Average  Input  Offset 
Voltage  Drift 

TCV0S 

Rs=50fl 

1.5 

1.8 

jiV/"C 

Average  Input  Offset 
Current  Drift 

TCIos 

4 

5 

pA/°C 

Response  Time 

lr 

lOOmV  Step.  5mV  Overdrive 

No  Load  (No  Pull-Up).  TA  =  25° C 

190 

190 

ns 

CO 
Pi 

O 
% 

& 

o 

U 

UJ 

I 

O 
> 
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 |pj^J^  CMP-02  low-iwput-cuhhemt  precision  comparator 

TYPICAL  PERFORMANCE  CHARACTERISTICS 


RESPONSE  TIME, 

100mV  STEP,  5mV  OVERDRIVE,  VARIOUS  LOADS  RESPONSE  TIME  TEST  CIRCUIT 


RESPONSE  TIME  (ftMCl  RESPONSE  TtME  !mc) 


INPUT  OFFSET  ERROR  vs 
SOURCE  RESISTANCE 


OFFSET  VOLTAGE  vs 
TEMPERATURE 


0.001         0.010          0.100  1.00 

MATCHED  SOURCE  RESISTANCE  (Mil) 


INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


s 

I-  600 


1.  CMP-02 
CMP -CHE 

v  a 

wc 

_  CMP 

TO  70 
-02C 

rci 

> 

■<J> 

■  tsv 

E2 

V8*- 
"(D 

IV 

vs* 

■  15V 

vs* 

-  sv 

0  aS  SO  76  100  12S 
TEMPERATURE  C*CI 


-25      0      29  7i 
TEMPERATURE  TCI 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


INPUT  BIAS  CURRENT 
vs  DIFFERENTIAL 
INPUT  VOLTAGE 


o 

CI 

MP-tK 

z 

ZE 

V 

8- 

tiff 

If 

—  J 

A  - 

:  — 

v* 
v+  -as 

v+  -1.0 

v+-rs 

v+  -2.0 


INPUT  VOLTAGE  RANGE 
vs  TEMPERATURE 


VJ*-SV 

4-H 

—  CVP-02E — i 
CMP-C2C 


TEMPERATURE  TO 


DIFFERENTIAL  INPUT  VOLTAGE  IVOLTSI 


TEMPERATURE  Ml 
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 Jpj^J^  CMP-02  LOW-INPUT-CURRENT  PRECISION  COMPARATOR 

TYPICAL  PERFORMANCE  CHARACTERISTICS 


OUTPUT  SHORT-CIRCUIT  OFFSET  TRIMMING  AND 

STANDARD  BURN-IN  CIRCUIT  CURRENT  vs  OUTPUT  VOLTAGE  STROBE  CIRCUITS 
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CMP-02  LOW-INPUT-CURRENT  PRECISION  COMPARATOR 


APPLICATIONS  INFORMATION 

The  CMP-02  provides  fast  response  times  even  with  small 
overdrives;  to  achieve  this  performance  requires  very  high 
gain  at  high  frequencies.  The  CMP-02  is  completely  free  of 
oscillations;  however,  small  values  of  stray  capacitance  from 
output  to  input  when  combined  with  high-source  resistances 
can  cause  an  unstable  condition.  DC  characteristics  are  not 
affected,  but  when  the  input  is  within  a  few  microvolts  of  the 
transition  level,  certain  conditions  can  create  an  oscillation 
region.  The  width  of  this  oscillatory  region  and  the  size  of 
source  resistance  where  oscillations  begin  is  a  strong  func- 
tion of  the  stray  coupling  present.  The  following  suggestions 
are  offered  as  a  guide  towards  minimizing  the  conditions  for 
oscillation:  matched  source  resistors,  minimized  stray  capac- 
itances (e.g.,  a  ground  plane  between  output  and  input),  or 
capacitive  output  loading  (CJ.  The  capacitive  loading  tech- 
niques will  eliminate  the  oscillations,  but  result  in  slower 

MINIMIZING  OSCILLATION 


response  time.  Matched  bypass  capacitors  across  the  input 
resistors  also  can  eliminate  the  instability, 

. .,  _  ^  „.  _  /maximum  step  size  \ 
andlfC8a20p,;  (minimum  overdrive) 

the  response  time  will  approximate  the  response  time  for  low 
values  of  R&  It  should  be  noted  that  the  offset  nulling 
terminals  do  not  require  bypassing  for  stability.  As  with  all 
wideband  circuits,  it  is  recommended  that  the  supplies  be 
bypassed  near  the  socket  of  the  device. 

PRECI8ION,  DUAL  UMIT,  QO/NO  QO  TE8TER 


-isv 
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PMI) 


Precision  Monolithics  Inc. 


CMP- 04 

QUAD  LOW- POWER 
PRECISION  COMPARATOR 


FEATURES 

•  High  Gain    200V/mVTyp 

•  Single  or  Dual  Supply  Operation 

•  Input  Voltage  Range  Includes  Ground 

•  Low  Power  Consumption  (1.5mW/Comparator) 

•  Low  Input  Bias  Current  100nA  Max 

•  Low  Input  Offset  Current  10nA  Max 

•  Low  Offset  Voltage   ImVMax 

•  Low  Output  Saturation  Voltage    250mV@4mA 

•  Logic  Output  Compatible  with  TTL,  DTL,  ECL,  MOS  and 
CMOS 

•  Directly  Replaces  LM139/239/339  Comparators 
ORDERING  INFORMATION^ 


2S°C 

DIP  PACKAGE 

OPERATING 

Vos 

HERMETIC 

PLASTIC 

TEMPERATURE 

(mV) 

14-PIN 

14-PIN 

RANGE 

1 

CMP04BY* 

MIL 

1 

CMP04FY 

IND 

1 

CMP04FP 

COM 

*  For  devices  processed  in  total  comptiance  to  MIL-STD-883,  add  /8B3  alter 

part  number.  Consult  factory  tor  883  data  sheet, 
t Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,ptasticdtp,andTO-can  packages.  For  ordering  information,  see  1988 

Data  Book,  Section  2. 


SIMPLIFIED  SCHEMATIC  (1/4  CMP-04) 


()j.5bA        ()lW»A        OlSM  Q 


Q2  03  „ 


M     T  K0' 


*  SUBSTRATE  DIODES 


GENERAL  DESCRIPTION 

Four  precision  independent  comparators  comprise  the  CMP- 
04.  Performance  highlights  include  a  very  low  offset  voltage, 
low  output  saturation  voltage  and  high  gain  in  a  single  supply 
design.  The  input  voltage  range  includes  ground  for  single 
supply  operation  and  V-  for  split  supplies.  A  low  power 
supply  current  of  2mA,  which  is  independent  of  supply 
voltage,  makes  this  the  preferred  comparator  for  precision 
applications  requiring  minimal  power  consumption.  Maxi- 
mum logic  interface  flexibility  is  offered  by  the  open-collector 
TTL  output. 

PIN  CONNECTIONS 


14-PIN  HERMETIC  DIP 
(Y-Sulfix) 

14-PIN  EPOXY  DIP 
(P-Suffix) 


TYPICAL  INTERFACE 


Driving  CMOS 

5.0 

_  L 


Driving  TTL 
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CMP-04  QUAD  LOW-POWER  PRECISION  COMPARATOR 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 


Supply  Voltage    36V  or  ±  18V 

Differential  Input  Voltage   36VDc 

Input  Voltage  -0.3Vto+36V 

Power  Dissipation  (Note  1)    500mW 

Operating  Temperature  Range 

CMP-04FY    -25°  C  to +85°  C 

CMP-04BY   -55°Cto  +  125°C 

CMP-04FP   0°Cto+70°C 

DICE  Junction  Temperature  (Tj)    -65°Cto  +  150°C 

Storage  Temperature  Range   -65°  C  to  + 150°  C 

P-Suffix   -65°Cto  +  125°C 


Input  Current  (V!N  <  -3.0V)  50mA 

Output  Short-Circuit  to  GND   Continuous 

Lead  Temperature  (Soldering,  60  sec)   300°C 

NOTES: 


1.  See  table  (or  maximum  ambient  temperature  rating  and  derating  factor. 

2.  Absolute  maximum  ratings  apply  to  both  packaged  partsand  DICE,  unless 
otherwise  noted. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

TEMPERATURE 

MAXIMUM  AMBIENT 

PACKAGE  TYPE 

FOR  RATING 

TEMPERATURE 

Hermetic  DIP  (Y) 

ioo-c 

10mW/"C 

Plastic  DIP  (P) 

50°C 

6mW/°C 

ELECTRICAL  CHARACTERISTICS  at  V+  =  +5V,  TA  =  25"  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

CMP-04B/F 

MIN  TYP 

MAX 

UNITS 

Input  Offset  Voltage 

Vos 

Rs=on.RL=5.ikn 

V0  =  14V,  (Note  1) 

— 

0.4 

1 

mV 

Input  Offset  Current 

I  OS 

l|N<+)-lIN(-) 

RL  =  5.1kn 
V0  =  1.4V 

2 

10 

nA 

Input  Bias  Current 

lB 

•in(+)  or  l,NH 

25 

100 

nA 

Voltage  Gain 

Av 

RLS  15kn,  V+  =  15V,  (Note 5) 

60 

200 

V/mV 

Large-Signal  Response  Time 

lr 

Vin  -  TTL  Logic  Swing 
VREF=1.4V.  (Note  4) 
VRL=5V.RL=5.1kn 

300 

ns 

Small-Signal  Response  Time 

<r 

VIN  =  lOOmV  Step,  (Note  4j 

SmV  Overdrive 

VRL  =  5V,  RL=5.1kft 

1.3 

MS 

Input  Voltage  Range 

CMVR 

(Note  2) 

0 

—  V+ 

-1.5 

V 

Common-Mode  Rejection  Ratio 

CMRR 

(Notes  3,  S) 

80 

100 

dB 

Power  Supply  Rejection  Ratio 

PSRR 

V+  =  +5Vto18V,  (Note  5) 

80 

100 

dB 

Saturation  Voltage 

Vol 

V,N(-)>1V,V,N(+)  =  0. 
•sink5  4mA 

250 

400 

mV 

Output  Sink  Current 

'sink 

V,N(-)>1V, 
V,N(+l=0,VoS1.5V 

6 

16 

mA 

Output  Leakage  Current 

Leak 

VIN(+)  >  IV, 
VIN|-)=0.Vo=30V 

0.1 

100 

nA 

Supply  Current 

l+ 

RL  =  «,  All  Comps 
V-t  =  30V 

O.S 

2.0 

mA 

NOTES: 

1 .  At  output  switch  point,  V0=  1 .4V.  Rs  °  On  with  V+ 1 rom  5V;  and  over  the 
full  input  common-mode  range  (0V  to  V+  -  1.5V). 

2.  The  input  common-mode  voltageoreltherinputsignalvoltageshould  not 
be  allowed  to  go  negative  by  more  than  0.3V.  The  upper  end  of  the 
common-mode  voltage  range  is  V+- 1 .5V,  but  either  or  both  inputs  can  go 
to  +30V  without  damage. 

3.  RL  >  15kn.  V+  =  15V,  Vcu  =  t  .5V  to  13.5V. 

4.  Sample  tested. 

5.  Guaranteed  by  design. 
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CMP-04  QUAD  LOW-POWER  PRECISION  COMPARATOR 


ELECTRICAL  CHARACTERISTICS  at  V+  =  +5V.  For  CMP-04BY,  -55°C  <  TA<  125°  C.  For  CMP-04  FY,  -25°C  <  TA<  85°  C. 
For  CMP-04FP,  0°C  £  TA  £  70° C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

CMP-04B/F 
(Note  3) 
M1N  TYP 

MAX 

UNITS 

Input  Offset  Voltage 

vOS 

Rs  =  0n.RL=5.1kn 
V0=  1.4V.  (Note  1) 

2 

mV 

Input  Of/set  Current 

'os 

'in(+)-'inH 
RL  =  5.1kfl 
V0=1.4V 

4 

20 

nA 

Input  Bias  Current 

Id 

'in(+)orl,N(-) 

- 

40 

200 

nA 

Voltage  Gain 

Av 

RL  >  ISkd,  V+  =  15V,  (Note  5) 

70 

125 

V/mV 

Large-Signal  Response  Time 

t, 

VIN  =  TTL  Logic  Swing 
VBEF  =  1.4V,  (Note  4) 
Vrl  =  5V,  R^  =  5.1  kfl 

300 

- 

ns 

Small-Signal  Response  Time 

t. 

VIN  =  lOOmV  Step,  (Note  4) 
5mV  Overdrive 
VBL  =  5V.RL=S.1kft 

- 

1.3 

input  wiui|fv  rom^ju 

CMVR 

0 

—  V+ 

-1.5 

y 

Common-Mode  Rejection  Ratio 

CMRR 

(Notes  3,  5) 

60 

100 

dB 

Power  Supply  Rejection  Ratio 

PSRR 

V+  =  +5V  to  16V 

80 

100 

dB 

Saturation  Voltage 

Vol 

VlN(-)21V.VlN(+)  =  0, 
•sink  S  4mA 

250 

700 

mV 

Output  Sink  Current 

'sink 

V,N(-)21V. 
V|N(+)=0,VoS1.5V 

5 

16 

mA 

Output  Leakage  Current 

'leak 

V,N(+)  2  IV. 
V,N(-)=0.Vo  =  30V 

0.1 

200 

nA 

Supply  Current 

1+ 

RL  =  •».  All  Comps 
V+  =  30V 

1.2 

3.0 

mA 

NOTES: 

1.  At  output  switch  point,  V0= 1.4V,  Rs= On  with  V+  (rom  5V;  and  over  the  lull 
Input  common-mode  range  (0V  to  V+  -  1.6V). 

2.  The  Input  common-mode  voltage  or  either  input  signal  voltage  should  not 
be  allowed  to  go  negative  by  more  than  0.3V.  The  upper  end  ol  the 
common-mode  voltage  range  is  V-f  -  1.5V,  but  either  or  both  inputs  can  go 
to  +  30V  without  damage. 


BURN-IN  CIRCUIT 


3.  RL2  15kfl, V+  =  15V. VCM  =  1.5V to  13.5V. 

4.  Sample  tested. 

5.  Guaranteed  by  design. 


ZENER 
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CMP-04  QUAD  LOW-POWER  PRECISION  COMPARATOR 


DICE  CHARACTERISTICS 


mm 


m 


DIE  SIZE  0.058  X  O.OSS  Inch,  3190  sq.  mils 
(1.47  X  1.40  mm,  2.058  sq.  mm) 


1.  OUTPUT  (2) 

2.  OUTPUT  (1) 

3.  POSITIVE  SUPPLY 

4.  INVERTING  INPUT  (1) 

5.  NONINVERTINQ  INPUT  (1) 

6.  INVERTING  INPUT  (2) 

7.  NONINVERTINQ  INPUT  (2) 


8.  INVERTING  INPUT  (3) 

9.  NONINVERTINQ  INPUT  (3) 

10.  INVERTING  INPUT  (4) 

11.  NONINVERTINQ  INPUT  (4) 

12.  GROUND  (SUBSTRATE) 

13.  OUTPUT  (4) 

14.  OUTPUT  (3) 


For  additional  DICE  ordering  Information,  reler 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  V+ 

=  +5V,TA  = 

25 °C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

CMP-04N 

LIMIT 

CMP-04G 
LIMIT 

UNITS 

Input  Offset  Voltage 

Vos 

R8=0n.  RL  =  5.1kfl 
V0  =  1.4V.  (Note!) 

1 

2 

mV  MAX 

Input  Offset  Current 

'OS 

W+)-'inH 
RL  =  5.1M1 
V„=1.4V 

10 

25 

nA  MAX 

Input  Bias  Current 

'b 

l[N(+l  or 
l[N<->.  (Note!) 

100 

100 

nA  MAX 

Voltage  Gain 

Av 

RL  >  15kn.  V+  =  15V.  (Note  3) 

80 

50 

V/mV  MIN 

Input  Voltage  Range 

CMVR 

(Notes  2. 3) 

V+-1.5 

V+-1.5 

VMAX 

Common-Mode  Rejection  Ratio 

CMRR 

(Note  4) 

80 

80 

dB  MIN 

Power  Supply  Rejection  Ratio 

PSRR 

V+  =  5Vto+1BV 

80 

80 

dB  MIN 

Saturation  Voltage 

Vol 

VlN(-)21V,V,N(+)=0. 
'sink  S  4mA 

400 

400 

mV  MAX 

Output  Sink  Current 

'sink 

v,Nn  a  iv, 

V,N(+)=0.Vo<1.5V 

6 

6 

mA  MIN 

Output  Leakage  Current 

'leak 

V,N(+)>1V. 
V,N(-)=0.Vo  =  30V 

100 

100 

nA  MAX 

Supply  Current 

1+ 

RL°«.  All  Comps 
V+  =  30V 

2 

2 

mA  MAX 

NOTES: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice-  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  V+  =  +5V,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

CMP-04N 

TYPICAL 

CMP-04G 

TYPICAL 

UNITS 

Large-Signal  Response  Time 

lr 

V,N  =  TTL  Logic  Swing 
Vref  =  1.4V,  (Note  5) 
VBL  =  5V.RL  =  5.1kn 

600 

600 

ns 

Small-Signal  Response  Time 

V,N  =  lOOmV  Step,  (Note  5) 
5mV  Overdrive 
VHL  =  5V,RL=5.1kn 

1.3 

1.3 

I* 

NOTES:  common-mode  voltage  range  is  V+-  1.5V,  but  either  or  both  inputs  can  go 

1.  At  output  switch  point.  V0  =  1.4V,  Rs= on  with  V+  from  5V;  and  over  the  to  +30V  without  damage, 
full  input  common-mode  range  (OV  to  V+-1.5VI.  3.  Guaranteed  by  design. 

2.  Theinputcommon-modevoltageoreitherinputslgnalvoltageshouldnot  4.  RL>  15kf>.  VCM  =  1.5Vto  13.5V. 
be  allowed  to  go  negative  by  more  than  0.3V.  The  upper  end  ol  the  5.  Sample  tested. 
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CMP-04  QUAD  LOW-POWER  PRECISION  COMPARATOR 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


OFFSET  VOLTAGE 
vs  TEMPERATURE 


INPUT  BIAS  CURRENT 
vs  V+  AND  TEMPERATURE 


!S"C/7I 

re 

1 

A"" 

^  -  as 

-40  -20     0    20    40    60    80    100  120  140 
TEMPERATURE  l*CI 


10  IS  20  2S  20 
V*  -  SUPPLY  VOLTAGE  tV^I 


INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


8  -2.0 


-40  -20     0    20    40    60    80    100  120  140 
TEMPERATURE  CO 


VOLTAGE  GAIN 
vs  TEMPERATURE 


SUPPLY  CURRENT 
vs  SUPPLY  VOLTAGE 


-40  -20     0    20   40    00    00    100  120  140 
TEMPERATURE  PCI 


OUTPUT  VOLTAGE  vs 
OUTPUT  CURRENT  AND 
TEMPERATURE 


1  1 

f 
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RESPONSE  TIME  FOR 
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OVERDRIVES  —  NEGATIVE 
TRANSITION 


RESPONSE  TIME  FOR 
VARIOUS  INPUT 
OVERDRIVES  —  POSITIVE 
TRANSITION 
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TYPICAL  APPLICATIONS 
OUTPUT  STROBING 


>v* 

— O  Vo 

 n  STROBE 

T 

INPUT 

•OR  LOGIC  WITHOUT 

PULLUP  RESISTOR 

INVERTING  COMPARATOR  WITH  HYSTERESIS 


LIMIT  COMPARATOR 


SQUAREWAVE  OSCILLATOR 


♦VREF  hi  o— 


'Mi — AV— 

1  u 


V* 

CMP-04 


-  tut 

♦VREF  IOW  O  AV— 


NONINVERTING  COMPARATOR  WITH  HYSTERESIS 


COMPARING  INPUT  VOLTAGES  OF  OPPOSITE  POLARITY 
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CMP-04  QUAD  LOW-POWER  PRECISION  COMPARATOR 


ONE-SHOT  MULTIVIBRATOR  PULSE  GENERATOR 


AND  GATE  OR  GATE 


out 
-vW- 
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CMP- 05 

HIGH-SPEED  PRECISION  COMPARATOR 
(WITH  LATCH  CIRCUIT) 


FEATURES 

•  Precision  Input  Stage 

Input  Offset  Voltage   150>tV 

Input  Offset  Currant    15nA 

•  Fast  Response  Time  (5mV  Overdrive)   38ns 

•  High  Voltage  Gain    16.000V/V 

•  Latch  Function  with  TTL  Compatible  Input 

•  TTL  Compatible  Output 

•  Available  In  Hermetic  Mlnl-DIP  Package 


accuracy  along  with  high  speed.  An  exceptionally  fast 
response  time  of  60nsec  is  possible  with  only  1/2  LSB 
overdrive  (12-bit,  10-volt  system). 

The  CMP- OS  design  makes  It  the  ideal  component  in  systems 
requiring  high  speed  with  excellent  low-level  analog  signal 
resolution.  High-speed  12-bit  successive  approximation  A/D 
converters,  zero  crossing  detectors  and  logic  threshold 
detectors  are  typical  system  applications. 


ORDERING  INFORMATION! 


PIN  CONNECTIONS 


2S*C 

V08 
l*V) 

PACKAGE 

HERMETIC 

PLASTIC 

_  OPEHAT1NQ 

TO-SS 
8-PIN 

DIP 
8-PIN 

DIP 
8-PIN 

TEMPERATURE 
RANGE 

600 

CMFOSBJ- 

CMPOSBZ' 

MIL 

600 

CMP05FJ 

CMP0SFZ 

IND 

1000 

CMP05CJ* 

CMP0SCZ' 

MIL 

1000 

CMP0SGJ 

CMP0SOZ 

IND 

1000 

CMP05GP 

COM 

'  For  devices  processed  In  total  compliance  to  MIL-STD-883.  add  /S83  after 
part  number.  Consult  factory  for  663  data  sheet 

tBum-ln  Is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdlp.  plastic  dip,  and  TO-can  packages.  For  ordering  Information,  see  1668 
Data  Book,  Section  2. 

GENERAL  DESCRIPTION 

The  CMP-05's  very  high  speed  and  precision  input  specifica- 
tions make  it  the  ideal  comparator  in  systems  needing  12-bit 


DIGITAL  1 
CROWD  Li. 


•in  LI  if>s-r 
v8-  E 


8-PIN  HERMETIC  MINI-DIP 
(Z-Sufflx) 

EPOXY  MINI-DIP 
(P-Sufflx) 

LOGIC  TABLE 


vs-icAsei 

TO-99 
(J-Sufflx) 


LATCH  ENABLE 

OUT 

Oor  NC 

Comparing 

1 

Latched 

SIMPLIFIED  SCHEMATIC 
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 |PMl)  cmp"05  HIGH'8PEEP  precision  comparator  

ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Positive  Supply  Voltage   +6V  Output  Short-Circuit  Duration  —  to  ground    Indefinite 

Negative  Supply  Voltage    -18V  —  to  V+  =  5.0V  ...  1  Minute 

Power  Dissipation  (Note  1 )    SOOmW   

Differential  Input  Voltage    ±SV  maximum  ambient      derate  above 

Latch  Enable  Input  Voltage    -0.5V  to  V+  Supply  temperature      maximum  ambient 

Operating  Temperature  Range  package  type  forratjno  temperature 

CMP-05B/C  (J  or  Z  Package)  TO-i»(J)  ^2  7.imwyc 

-  (Note  3)  -550Cto+125°C  Epoxy Mini-Dip |P)  36^0  sanWC 

CMP-05F/G  (J  or  Z  Package)   -25"  C  to  +85" C  Hermetic  Mini-Dip  [Zi  75-c  6.7mW/°c  

CMP-05G  (P  Package)    0°C  to  +70"C 

DICE  Junction  Temperature  (Tj)  -65oCtO+150°C  see  table  for  maximum  ambient  temperature  rating  and  derating  factor. 

Storage  Temperature  Range   -65°CtO+150°C        2.  AbsolutemaximumratingsapplytobothpackagedpartsandDICE.unless 

P-SuffiX  -65°Ct0+125<>C  otherwise  noted. 

Lead  Temperature  (Soldering,  60 sec)    300"C      3.  utchistunctionatfo,-ss-c<TA<+as-c. 

ELECTRICAL  CHARACTERISTICS  at  Vs+  =  5.0V,  Vs-  =  -5.0V,  TA  =  25°  C  and  Latch  Enable  grounded,  unless  otherwise 
noted. 

CMP-0SB/F  CMP-OSC/G 

PARAMETER  SYMBOL       CONDITIONS  MIN  TYP       MAX  M1N  TYP  MAX  UNITS 

Input  Offset  Voltage  Vqs  Rs  =  50n  —  150       600  —  400  10Q0  yV 

Input  Offset  Current  [qs  —  15         80  —  30  150  nA 

Input  Bla»  Current  lg  —  0.6        1.2  —  0.8        1.B  <iA 

Voltage  Pain  Ayg  (Note  1)  8  16         —  7  14         —  V/mV 

Input  Voltage  Range  CMVR  (Notel)  ±3.0  ±3.3         —  ±3.0  ±3.3         —  y_ 

Common-Mode  Rejection     rjMRR          VCM  =  ±3.0V.  (Note  1 1                     86  91  84  89         -  dB 

Vs  =  ±4.75VtoVs=±5.25V                -  51  126                 —  84  126 
Power  Supply  Rejection                        P  Package                                  —  —         —                —  120  360 
Ratio                                                   VS+  =  5V.  Vs-  =  -5VtO-15V                -  15  51                   —  18          63  * 
 P  Package  —  —         —  —  36  180  

V|N  >  lOmV,  l0  =  OfiA                       2.4         2.9          —                2.4         2.9  — 
Output  High  Voltage           V0H             V,N>  lOmV.  lo  =  320»iA                   2.4        2.9         -                —         —         -  V 
 V,M  a  lOmV.  Iq  =  200)iA  -  -  -  2.4  2.9  —  

V,N<-10mV,  ls,NK  =  0mA                    —        0.13        0.40                  —        0.13  0.40 
Saturation  Voltage              V^j            V,N£-10mV.  lSINK  =  8mA                                       —                —       0.28       0.40  V 
 V|W  <  -IQmV.  ISINK  =  12.8mA  -        0.32        0.40  —  —  -  

„    ,,    „      .  „        .         ,A  V0 £ 2.4V.  (Notel )  -  7.5  11  -  8.0  12 

Positive  Supply  Current        ls+    iq         15   11         16  ^ 

Negative  Supply  Current       l5-  V0<0.4V  —         11         16  —  12         18  mA 

Power  Dissipation  Pj  V0<0.4V  -  105        155  —  115        170  mW 

Latch  tnput  Voltage 

Logic  1  Over  Operating  Temp.  Range  _         _  _  _ 

LH             Latch  Enabled,  (Note  1) 
Logic  0                                         Over  Operating  Temp.  Range             _         _go  _  _<)8 
 Latch  Disabled,  (Note  1 )  

Latch  Input  Current 

Logic  1  lLH  VLH  =  3.0V.  (Note  11  -         10         45  —         10  45 

Logic  0  III  Vu.  =  0.8V.  (Note  1 1  —  6         25  —  6  25  

Input  to  Output  High                           Voo  =  1.2mV,  (Note  21                     —         60         —                —         60  — 
Response  Time  <**  Vop  =  5.0mV,  [Note  2)  —         41         55  -         41  55  

Input  to  Output  Low                            V0D=1.2mV.  (Note  2)                     —         60         —                —         60  — 
Response  Time  °^  VOD  =  5.0mV,  (Note  2)  —         37         55  —         37         55  ^_ 

Latch  Disable  Time  ty>D  (Note  3)  —  50  65  —  SO         65  ns 

NOTES: 

1.  Guaranteed  by  design.  3.  See  switching  time  waveforms. 

2.  Times  are  for  lOOmV  step  inputs.  See  switching  time  waveforms. 
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CMP-OS  HIGH-SPEED  PRECISION  COMPARATOR 


ELECTRICAL  CHARACTERISTICS  at  VS+=5.0V,  Vs-=-5.0V,  and  Latch  Enable  grounded.  ForCMP-05B/C,  -55°C<TA< 
125°C.  For  CMP-05F/G,  -25°C  <  TA  <  85°C  (J,  Z  Packages)  and  0°C  <  TA  <  70°C  (P  Package),  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

C0NDIT10N8 

CMP-OSB/F 

MIN        TYP  MAX 

MIN 

CMP-05C/G 
TYP  MAX 

UNITS 

Input  Offset  Voltage 

Vos 

Rs=son 

□  3 

1.5 

0.55 

2.0 

mV 

Input  Offset  voltage  Drift 

TCVos 

— 

1.5 

7.5 

- 

2.5 

15 

pV/'C 

Input  Offset  Current 

'os 

40 

250 

70 

400 

nA 

Input  Bias  Current 

'a 

1.1 

2.5 

1.5 

3.8 

(■A 

Voltage  Gain 

Av0 

(NoteD 

6 

11 

5 

10 

WmV 

Input  voltage  Range 

CMVR 

(Note  1) 

±2.9 

±3.2 

±2.9 

±3.2 

V 

Common-Mode  Rejection 
Ratio 

CMRR 

vCM  =  ±2.9v.  (NoteD 

83 

90 

- 

80 

88 

- 

dB 

Power  Supply  Rejection 
Ratio 

PSRR 

±4.75V  SVS5  ±S.2SV 
P  Package 

_ 

63 

178 

- 

80 
150 

252 
400 

(iV/V 

Output  High  Voltage 

Voh 

VtNaiOmV,  lo  =  0(iA 
V,N>10mV,  l0°  240(iA 
V,N£10mV,  lo=160/iA 

2.4 
2.4 

— 

- 

- 

2.4 
2.4 

V 

Saturation  voltage 

Vsat 

VIN<-10mV,  lSINK°0mA 
VINS-10mV,lSINK  =  9.6mA 
V|N  S  -10mV,  ISink  =  6.4mA 

0.18 
0.2 

0.40 
0.40 

- 

0.20 
0.30 

0.40 
0.40 

V 

Positive  Supply  Current 

■s+ 

Vo£0.4V 

11 

16 

12 

17 

mA 

Negative  Supply  Current 

ls- 

VosS0.4V 

12 

17 



13 

19 

mA 

Power  Dissipation 

Pd 

Vo£0.4V 

115 

165 

- 

125 

180 

mW 

Latch  Input  Current 
Logic  1 
Logic  0 

>lh 
III 

VLH  =  3V,  (Notes  1,4) 
VLL  =  0.BV,  (Notes  1.4) 

16 
10 

90 
50 

18 
10 

90 
50 

/•A 

Input  to  Output  High 
Response  Time 

<pd+ 

V0D=1.2mV.  (Note  2) 
VOD  =  5.0mV,(Note2) 

125 
92 

125 
92 

ns 

Input  to  Output  Low 
Response  Time 

tpd- 

V0D=  1.2mV,  (Note  2) 
VOD  =  5.0mv,  (Note2i 

115 
88 

115 
88 

ns 

Letch  Disable  Time 

•lpd* 
•lpo- 

(Notes  2, 4) 

56 
30 

56 
30 

ns 

NOTES: 

1.  Guaranteed  by  design. 

2.  Times  are  for  100mV  step  inputs. 

3.  A  high  on  the  latch  enable  Input 


See  switching  time  waveforms, 
will  cause  the  latch  to  assume  the  state 


SWITCHING  TIME  WAVEFORMS 


ol  the  comparator  and  not  follow  subsequent  inputs. 
4.  Latch  is  functional  for  -55°  C  <  TA  £  +85°  C. 


Minimum  Input  Timing  Requirements* 


DfFFERENTIAL  Ve 
INPUT 
VOLTAGE  V. 


COMPARE /I  \  COMPARE  / 

twki*-  |L,  1„  J 

si-/   — \  


vOH 
1.4V 
«SAT 


L  W  »4 


--..T^  


Minimum 

Parameter 

Umlf 

Units 

Is      Setup  Time 

35 

th       Hold  Time 

10 

ns 

tw      Latch  Pulse  Width 

25 

*ts.  tn.  'w  are  tested  with  VIN  =  lOOmV  and  V0D  =  5mV. 


00 

O 

U 
ui 

I 

o 
> 
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CMP-05  HIQH-SPEEO  PRECISION  COMPARATOR 


DICE  CHARACTERISTICS 


1.  DIGITAL  GROUND 

2.  NONINVERTING  INPUT 

3.  INVERTING  INPUT 

4.  NEGATIVE  SUPPLY  (SUBSTRATE) 

6.  LATCH  ENABLE 

7.  OUTPUT 

8.  POSITIVE  SUPPLY 

For  additional  DICE  ordering  Information,  refer 
to  1988  Data  Book,  Section  2. 


DIE  SIZE  0.052  X  0.046  Inch,  2392  sq.  mils 
(1.321  x  1.168mm,  1.543  sq.  mm) 


WAFER  TEST  LIMITS  at  Vs  =  ±5V,  TA  =  25° C,  unless  otherwise  noted. 

CMr-ODu 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Input  Offset  Voltage 

vos 

Rs  =  50n 

1000 

jiVMAX 

tnput  Offset  Current 

'OS 

150 

nA  MAX 

Input  Bias  Current 

>a 

1.6 

pAMAX 

Voltage  Gain 

Avo 

(Note  1) 

7 

V/mV  MIN 

Input  Voltage  Range 

CMVR 

(Note  1) 

±3.0 

V  MIN 

Common-Mode  Rejection 
Ratio 

CMRR 

Vcu  "  iZ-SV 
iNoteU 

60 

dB  MIN 

Power  Supply  Rejection  Ratio 

PSRR 

±4.75  <VS£  ±5.25 

Vs+  =  5V.  Vs-  =  -5V  to  -15V 

178 
63 

|iV/V  MAX 

Positive  Output  Voltage 

Voh 

V,N>10mV,  lo°0nA 

2.4 

VMIN 

Saturation  voltage 

Vs*T 

V,NS10mV.  Io  =  0jiA 

0.4 

VMAX 

Positive  Supply  Current 

1+ 

Vo<0.4V 

16 

mA  MAX 

Negative  Supply  Current 

1- 

VoS0.4V 

18 

mA  MAX 

Negative  Supply  Current 

1- 

V-  =  -15V,  V0S  0.4V 

20 

mA  MAX 

Latch  Input  Voltage 

Logic  1 

Vlh 

Latch  Enabled 

2.0 

VMIN 

Logic  0 

Vu. 

Latch  Disabled 

0.8 

VMAX 

Latch  Input  Current 

Logic  1 

VLH  =  3.0V,  (Notes  1.4) 

4S 

pAMAX 

Logic  0 

Vu.-0.8V.  (Notes  1.4) 

25 

Input  to  Output  High 
Response  Time 

•pd+ 

VOD  =  5.0mV.  (Notes  1.2) 

60 

ns  MAX 

Input  to  Output  Low 
Response  Time 

tpd- 

VOD  =  5.0mV.  (Notes  1.2) 

60 

ns  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  In  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 

guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±5V,  TA  =  25° C.  unless  otherwise  noted. 

CMP-05G 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

UNITS 

Input  to  Output  High 
Response  Time 

•pd+ 

V0D=1.2mV,  (Note  2) 

41 

ns 

Input  to  Output  Low 
Response  Time 

tpd- 

Voo^mV.IKta^) 

37 

ns 

Latch  Disable  Time 

•iPD 

(Notes  3, 4) 

50 

ns 

NOTES: 

1.  Guaranteed  by  design.  3.  See  switching  time  waveforms. 

2.  Times  are  for  lOOmV  step  inputs.  4.  Latch  15  functional  tor  -55°C  £  TA  £  85°C. 
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CMP-OS  HIGH-SPEED  PRECISION  COMPARATOR 


TYPICAL  PERFORMANCE  CHARACTERISTICS 
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CMP-05  HIGH-SPEED  PRECISION  COMPARATOR 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


V 

m 

\  

lpdt.  RESPONSE  TIME 


5§  t 


1  .„ 


f.iJKli 

100  mV  ^ 

I  -: 

/ 

r' 

1 

l-jl 

IT  O1 

MB 

ii    u>  »  jo  u  u  n  m 

RESPONSE  TIME  Iml 


CMP-Q5  NEGATIVE  COMMON- 
MODE  INPUT  RANGE  vs 
NEGATIVE  SUPPLY 


.17 

! 

i  " 

is  -" 

So 

■ 

SO 

US 

HI 

h 


1  1 

V.  -  .5  0V 

'a 

A 

/ 

/ 

/ 

/ 

/ 

/ 

-2  -4  -6  -8  -10  -12  -14 
NEGATIVE  SUPPLY  VOLTAGE  IVOLTS) 


tpd-  RESPONSE  TIME 


f 
if 


/ 

-lttMV  - 

vqd[ 

mV 

 V 

T 

t 

- 1 1 

•V 

V 

\ 

V 

) 

1/1  - 

■.I  H 

■m 

10     20     30     40     SO     60  70 
RESPONSE  TIME  (ml 


RESPONSE  TIMEvs 
OVERDRIVE  VOLTAGE 
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CMP-OS  HIGH-SPEED  PRECISION  COMPARATOR 


APPLICATION  INFORMATION 

The  CMP-05  is  a  very  accurate  device  providing  fast  response 
time  even  with  small— Microvolt  level— overdrives.  To  achieve 
this  performance  requires  high  gain  at  high  frequencies.  As 
shown  in  the  voltage  gain  versus  frequency  curve,  the  gain- 
bandwidth  product  of  the  CMP-05  is  1.5  x  1011  Hz.  It  main- 
tains its  full  gain  to  approximately  BMHz  and  rolls  off  at  a  very 
fast  rate  beyond  that  frequency  due  to  the  fact  that  five  poles 
occur  in  the  30  to  60MHz  range.  At  30MHz  the  gain  of  the 
comparator  is  still  2000.  Therefore,  in  the  transition  region 
small  values  of  source  lead  inductance  and  stray  feedback 
capacitance  can  cause  an  oscillatory  condition. 

For  example  (in  the  figure  below)  with  L  =  0.1/iH.  Cs=  0.15pF, 
the  closed-loop  gain  of  the  circuit  at  30MHz  is: 

Av^ —  


LCSeu2    10-7  x  0.15  X  10-12  x  (2jr  X  30  X  106)2 


POTENTIAL  FEEDBACK  SOURCES 


=  1880 


cs 

-  Jj  , 

COMPARATOR 

^>  *— O  VOUT 

_  ANALOG 

l>T 

^    J_  DIGITAL 

—  GROUND 

—  GROUND 

With  the  open-loop  gain  at  2000  oscillation  will  occur  since 
the  phase  shift  exceeds  180°  C.  To  minimize  these  problems 
power  supplies  should  be  decoupled,  lead  lengths  should  be 
kept  as  short  as  possible,  and  a  ground  plane  should  be  used 
to  reduce  the  stray  feedback  capacitance.  In  addition,  a 
ground  plane  substantially  diminishes  the  possibility  of  the 
output  current  spike  coupling  back  to  the  inputs  through  the 
ground  lead.  Keeping  a  separate  digital  ground  (pin  1 )  and 
analog  ground  (to  which  the  inputs  are  referenced)  also 
reduces  the  magnitude  of  the  problem. 

12-BIT  FAST  A/D  CONVERTER 


Fortunately,  in  high-speed  circuitry  the  comparator  inputs 
will  be  driven  at  a  fast  rate,  in  which  case  no  transition  region 
oscillations  will  occur.  As  the  minimum  slew  rate  versus 
source  resistance  curve  indicates,  if  the  input  is  driven  at  a 
rate  exceeding  6mV//isec,  no  oscillations  will  occur  with 
source  resistors  of  less  than  1  kn.  Examples  of  "clean"  transi- 
tions can  be  observed  in  the  photographs  of  the  response 
time  with  5m V  and  1 .2m V  overdrives,  and  the  response  to  the 
10  and  25MHz  input  signals. 

In  order  to  not  degrade  Its  speed  the  CMP-05's  inputs  are  not 
internally  clamped.  If  large  differential  voltages  are  present  it 
is  recommended  that  the  inputs  be  clamped  with  high  speed, 
low  capacitance  diodes  such  as  the  H.P.  50B2-2835,  which  is 
a  Schottky  Diode. 

As  in  all  high-speed  devices,  it  is  to  the  user's  advantage  to 
keep  the  source  impedances  low  and  matched. 

LATCH 

The  CMP-05  has  a  latch  feature  which  functions  over  -55°  C 
to  +85°C.  When  the  latch  is  enabled,  the  output  stays  in  its 
existing  logic  state  regardless  of  the  input  signal.  The  input 
timing  requirements  of  the  latch  are  presented  in  the  Switch- 
ing Time  Waveforms.  The  latch  opens  up  a  broader  applica- 
tions area  at  no  sacrifice  in  total  system  speed.  Effectively, 
the  latch  allows  high  speed  sampling  of  comparison  deci- 
sions. This  is  important  in  automatic  test  equipment  limit 
comparators,  in  measuring  pods  used  in  logic  analyzers  and 
other  similar  synchronous  measurement  circuitry  needing 
fast  clocking  frequencies.  The  latch  pulse  width  tw  allows 
sampling  of  input  signals  to  take  place  in  25nsec. 

The  latch  prevents  self  oscillation  (due  to  positive  feedback) 
from  taking  place  when  slowly-moving  high-source- 
impedance  signals  pass  thru  the  linear  amplification  region 
of  the  comparator.  This  is  successfully  accomplished  by 
rapidly  strobing  the  comparator  near  its  minimum  tw  time 
which  prevents  self  oscillation  from  making  a  complete  cycle 
since  tw  is  shorter  than  the  total  response  time  tpd  through 
the  comparator. 


o 

% 

Pi 
o 

U 

I 
o 
> 


n  r 


CONVERSION  TIME  vi  ACCURACY 


flMO  S  2-Skfl 


Hr-HH 

ELQIwF 

HHHr-HH 


§  0.7t 

> 

1 

U  °-S0 


100     200    300    400    603    000  700 


NOTE: 

OEVtCEtSI  CONNECTED  TO  ANALOG  INPUT  MUST  BE  CAPABLE  OF  SOU  RC I  NO  4.0mA. 
A  BUFFER  <•»  BUF-03)  MAY  6E  REQUIRED. 


CONVERSION  TCME  PER  TRIAL  (ml 

CONVERSION 
TIKE  (ni) 

TYP 

WORST 
CASE 

SAR 

33 

55 

CMP-OS 

62 

125 

TOTAL 

37Sn» 

680n» 

x  13 

4  9ft 

6S«l 
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IraB)  CMP- 08 

HIGH-SPEED  COMPARATOR 
WITH  ECL  OUTPUTS 


Precision  Monolithics  Inc. 


FEATURES 

•  Complementary  Emitter-Coupled-Logic  Outputs 

•  50fl  Line  Driving  Capability 

•  Excellent  Stability;  Resists  Oscillation 

•  Propagation  Delay  at  SmV  Overdrive, 
Over  Full  Operating  Temperature  Range: 

Industrial  Temperature  Range  9.5ns  Max 

Military  Temperature  Range  12.0ns  Max 

•  Over  100MHz  Output  Bandwidth 

•  Space-Saving  8-Pln  DIP 

•  High  Performance,  Low  Price 


ORDERING  INFORMATION  t 


OPERATING 

PACKAGE 

TEMPERATURE 

CERDIP 

RANGE 

CMP08BZ" 

MIL 

CMP08F2 

IND 

'  For  devices  processed  in  total  compliance  to  MIL-STD-683.  add  /883  after 

part  number.  Consult  factory  for  883  data  sheet, 
f  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1968 

Data  Book,  Section  2. 


band  operation  make  CMP-08  excellent  for  signal  recovery 
and  pulse-shaping  applications.  With  its  ECL-logic  outputs 
and  bandwidth  over  100MHz,  the  performance  of  CMP-08  is 
double  that  of  comparable  TTL-output  devices. 

The  CMP-08  offers  consistent  delay,  with  low  delay  variation 
as  a  function  of  temperature  or  overdrive.  This  provides  excel- 
lent timing  resolution  in  10-30MHz  computer  peripheral 
applications.  If  necessary,  conversion  to  TTL  levels  can  be 
easily  performed  after  initial  processing  with  ECL  logic. 

The  CMP-08  is  specified  for  operation  using  +5V  and  -5.2V 
supplies.  With  5%  supply  tolerance,  input  voltage  range 
includes  -3.0V  to  +2.7V  over  all  operating  temperatures.  In 
applications  such  as  video  systems,  the  CMP-08  input  voltage 
range  and  sensitivity  permit  a  dynamic  range  of  over  60dB  to 
be  achieved.  For  added  flexibility,  the  positive  input  voltage 
limit  may  be  extended  by  using  a  +6V  positive  supply  rather 
than  +5V.  It  is  also  possible  to  use  a  -5V  supply,  when  the  -5.2V 
supply  is  not  available. 

When  AC  system  layout  rules  are  used,  the  excellent  stability 
of  CMP-08  eliminates  the  need  for  an  on-chip  latch.  If  needed, 
the  latch  function  may  be  performed  within  digital  logic.  With 
its  space-saving  8-pin  DIP  and  low  price,  the  CMP-08  provides 
an  excellent  alternative  to  Am685-type  devices. 


GENERAL  DESCRIPTION 

The  CMP-08  is  a  very  high-speed  voltage  comparator  which 
provides  complementary  Emitter-Coupled-Logic  (ECL)  out- 
puts. It  is  particularly  suitable  for  level-crossing  detection  and 
sinewave-squaring  applications  with  input  amplitude  as  low 
as  2  millivolts. 

Fiber-optics  and  communications  circuits  will  find  the  CMP- 
08  attractive.  Its  high  sensitivity,  low  drift,  stability,  and  wide- 


PIN  CONNECTIONS 


v*  [T 

+tN  [T 
-IN  [7 

v-E 


T]0ND2 
TjOOUT 
T]0  0UT 


8-PIN  HERMETIC  CERDIP 
(Z-Suffix) 


CONNECTION  DIAGRAM 


I  


OUTPUT 
STAGE 


 J 


T 0.VF  i  0.1*F| 

tc — i — IC— ' 


1 


THE  CMP-OB  INCLUDES  OPEN-EMITTER  OUTPUTS.  OUTPUT  TERMINATION  RESISTORS  RL,  TO 
TERMINATION  VOLTAGE  VT,  MUST  BE  PROVIDED  BY  THE  USER.SEE  APPLICATIONS  INFORMATION 
FOR  SUOOESTED  VALUES. 
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CMP-08  HIGH-SPEED  COMPARATOR  WITH  ECL  OUTPUTS 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 


Positive  Supply  Voltage  +6.5V 

Negative  Supply  Voltage  -6.0V 

Input  Voltage  +4V 

Differential  Input  Voltage  ±6V 

Output  Current  30mA 

Power  Dissipation  (Note  2)  500m W 

Operating  Temperature  Range  (Note  3) 

CMP-08B  -ss'cto+^-c 

CMP-08F  -30°C  to  +8S-C 


Storage  Temperature  Range  -65°Cto+150°C 

Lead  Temperature  (Soldering,  60  sec)  300°C 

DICE  Junction  Temperature  (Tj)   -65°C  to  +165°C 

NOTES: 

1.  Beyond  which  the  useful  life  may  be  Impaired. 

2.  Derate  by  9mW/°C  above  +  105*C  ambient. 

3.  Device  In  thermal  equilibrium  with  500  LFPM  transverse  airflow. 


ELECTRICAL  CHARACTERISTICS  at  V+  =  +5V,  V-  = 
-30°C  <TA<  +85°C  for  CMP-08F,  unless  otherwise  noted. 


-5.2V,  VT  =  -2V,  RL  =  5011;  -55'C  <  TA  <  +125°C  for  CMP-08B; 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

CMP-08F 

TYP  MAX 

MIN 

CMP-08B 

TYP  MAX 

UNITS 

Input  Offset  Voltage 

Vos 

Rs  =  5011 

-2.5 

+2.5 

-3.0 

+3.0 

mV 

Average  Input  Offset 
Voltage  Drift 

TCVos 

R8°50(l 

5 

5 

jiV/»C 

Input  Offset  Current 

'os 

-1.3 

+1.3 

-1.6 

+1.6 

("A 

Input  Bias  Current 

13 

16 

MA 

Input  Voltage  Range 

CMVR 

(Note3) 

-3.0 

+2.7 

-3.0 

+2.7 

V 

Common-Mode 
Rejection  Ratio 

CMRR 

80 

SO 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

(Note  1) 

80 

60 

dB 

Small  Signal  Cain. 
Linear  Region 

Av 

Ta-25'C 

800 

1200 

800 

1200 

V/V 

Input  Resistance 

R[N 

TA  =  25'C 

6 

6 

kn 

Input  Capacitance 

CIN 

TA=25'C 

3 

3 

pF 

Output  HIGH  Voltage 
(Note  2) 

VOH 

TA=25»C 
TA  =  TA(MIN) 
TA=TA(MAX) 

-0.960 
-1.060 
-0.890 

-0.810 
-0.890 
-0.700 

-0.960 
-1.100 
-0.850 

-0.810 
-0.920 
-0.620 

V 

Output  LOW  Voltage 
(Note  2) 

Vol 

TA  =  25'C 
TA=TA(MIN) 
TA  °  TA  (MAX) 

-1.950 
-1.950 
-1.950 

-1.650 
-1.660 
-1.625 

-1.950 
-1.950 
-1.950 

-1.650 
-1.660 
-1.57S 

V 

V+  Supply  Current 

l+ 

15 

IS 

mA 

V-  Supply  Current 

l- 

26 

26 

mA 

SWITCHING  CHARACTERISTICS 

Propagation  Delay 

<PO 

(Notes  4. 6) 

S.5 

9.5 

6.5 

12 

ns 

Output  Edge  Rate 

<n.«F 

TA  =  25"C  (NoteS) 

2 

2 

ns 

NOTES: 

1.  Tested  with  a  ±5%  supply  variation. 

2.  Specifications  apply  when  the  device  is  in  thermal  equilibrium  with  500 
LFPM  transverse  airflow.  Actual  test  limits  must  be  corrected  for  thermal 
offset  between  test  conditions  and  airflow  equilibrium. 

3.  Specified  input  voltage  range  is  for  V+  =  +SV  ±  5%and  lor  V-  =  -5.2V  ±5%. 
CMVR  will  change  if  other  supply  voltages  are  used.  Recommended 
supply  limits  are  V+  =  +4.75V  to  +6.3V.  V-  =  -4.7V  to  -5.7V.  CMVR  Is 
guaranteed  by  lBand  CMRR  tests. 


4.  Propagation  delay  Is  specified  for  lOOmV  input  voltage  step,  5mV  overdrive 
beyond  the  offset  voltage. 

5.  Oulput  rise/fall  time  20ft— 80%  wllh  Input  amplitude  20mV  peak-to-peak, 
2ns  Input  rise/fall  time. 

6.  This  parameter  is  sample  tested  at  2S°C.  Typical  number  represents  25°C 
operation. 
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CMP-OB  HIGH-SPEED  COMPARATOR  WITH  ECL  OUTPUTS 


DICE  CHARACTERISTICS 


DIE  SIZE:  0.056  X  0.041  Inch,  2296  sq.  mils 
(1.42  X  1.04  mm,  1.48  sq.  mm) 


1.  V+       Positive  Supply 

2.  t  IN     Nonlnverllng  Input 

3.  -IN     Inverting  Input 

4.  V-       Negative  Supply 
5.0        True  Output 

6.0        Complement  Output 

7.  GND2  Circuit  Ground 

8.  GND1  Output  Ground 

For  additional  DICE  ordering  information,  refer 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  V+  =  +5V,  V-  =  -5.2V,  VT  =  -2V,  RL  =  5011,  TA  =  25°C,  unless  otherwise  noted. 


CMP-08N 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

MAX 

UNITS 

Input  Offset  voltage 

Vos 

Rs=  5011 

-2.2 

+2.2 

mV 

Input  Olfsel  Current 

los 

-1.0 

+  1.0 

«A 

Input  Bias  Current 

lB 

10 

ff 

Input  Voltage  Range 

CMVR 

(Note  1) 

-3.0 

+2.7 

V 

Common. Mode  Rejection  Ratio 

CMRR 

80 

dB 

Power  Supply  Rejection  Ratio 

PSRR 

V+  =  +4.75V  to  +5.25V, 
V-  =  -4.94V  to  -5.46V 

80 

dB 

Small-Signal  Gain. 
Linear  Region 

Av 

800 

V/V 

Input  Resistance 

"IN 

6 

kit 

Output  HIGH  Voltage 

(Note  2) 

-0.960 

-0.810 

V 

Output  LOW  Voltage 

Vol 

(Note  2) 

-1.950 

-1.650 

V 

V+  Supply  Current 



1+ 

15 

mA 

V-  Supply  Current 

1- 

26 

mA 

NOTES: 

1.  CMVR  is  measured  using  V+  =  +  4,75V.  V-  =  -4.94V  (worst-case). 

2.  The  VOHand  V0L  specifications  are  temperature  sensitive.  Since  TA=25°C 
at  water  sort  does  not  correspond  to  the  same  junction  temperature  as  TA= 
25°C  lor  packaged  units,  the  actual  test  limits  are  corrected  to  allow  for 
temperature  offset. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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CMP-08  HIGH-SPEED  COMPARATOR  WITH  ECL  OUTPUTS 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


PROPAGATION  DELAY 
vs  TEMPERATURE 


PROPAGATION  DELAY 
vs  INPUT  OVERDRIVE 


>■■ 

■iV 

», 

i  -s.av 

■  50(1 

IV 

-ti'C  -// 

+3rc  — r 

1 

PROPAGATION  DELAY 
vs  INPUT  SIGNAL  LEVEL 


TEMPERATURE  (°C| 


OVERDRIVE  (mV| 


=25m  i250m 
INPUT  VOLTAGE  (VOLTS) 


OUTPUT  RISE  AND  FALL  TIME  OUTPUT  LEVEL  VOLTAGE  GAIN 

vs  TEMPERATURE  vs  TEMPERATURE  vs  TEMPERATURE 


TEMPERATURE  CC)  TEMPERATURE  |"C)  TEMPERATURE  |'C> 


INPUT  RESISTANCE  POWER  SUPPLY  REJECTION  RESPONSE  TO  150MHz 

vs  TEMPERATURE  RATIO  vs  FREQUENCY  INPUT  SIGNAL 


TEMPERATURE  ("C)  FREQUENCY  (Hi) 


JVV\ 

.  x.  -L-,  j  i  i     i-  • 
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CMP-08  HIGH-SPEED  COMPARATOR  WITH  ECL  OUTPUTS 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


-75    -50    -25      0      25      SO      75     100  125 
TEMPERATURE  (*C) 


OUTPUT  LEVEL  vs 
NEGATIVE  SUPPLY  VOLTAGE 


TA  =  H'C 

-  V*  =  -5V 

Rt  =  son 

=  -s 

V 

v 

)H 

— r 

v< 

L 

SUPPLY  CURRENT  vs 
POSITIVE  SUPPLY  VOLTAGE 


TA»25»C  ' 
V-  -  5.2V 
Rt  -  5011  ■ 
V,--2V 
_l  I  L. 


NEGATIVE  SUPPLY  VOLTAGE  (VOLTS) 


4.»  5.2  5.5  5.S  5.1 
POSITIVE  SUPPLY  VOLTAGE  (VOLTS) 


SUPPLY  CURRENT  vs 
NEGATIVE  SUPPLY  VOLTAGE 


—  20 

< 

E 


■=25*C 
-*5V 

•  son 


-4.6     -4.5      -5.0      -5.2      -5.4      -S.6  -5.5 
NEGATIVE  SUPPLY  VOLTAGE  (VOLTS) 


INPUT  CURRENT 
vs  DIFFERENTIAL 
INPUT  VOLTAGE 


SUPPLY  CURRENT 
vs  TEMPERATURE 


1 

V+  =  +5V 
"  V-  -  -5.2V 

RL-son 

"  Vt--2V 

-  J-  - 

1+ 

DIFFERENTIAL  INPUT  VOLTAGE  (mV) 


-75   -50    -25      0      25      50      75     100  T25 
TEMPERATURE  CO 


BURN-IN  CIRCUIT 
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CMP-08  HIGH-SPEED  COMPARATOR  WITH  ECL  OUTPUTS 


APPLICATIONS  INFORMATION 
POWER  SUPPLIES 

The  CMP-08  uses  a  V+  positive  supply,  V-  negative  supply, 
and  GND.  Recommended  operating  limits  for  V+  are  +4.75V 
to  +6.3V.  Recommended  operating  limits  for  V-are  -4.7V  to 
-5.7V. 

The  QND2  pin  is  the  circuit  ground  for  Internal  bias  and  logic 
level  reference.  The  GND1  pin  Is  output  signal  return  ground 
for  the  output  transistor  collectors. 

OUTPUT  TERMINATION  AND  LOADING 

The  CMP-08  outputs  are  ECL-logic  open-emitter  transistors. 
Each  output  requires  a  pulldown  resistor,  which  must  be 
provided  on  the  circuit  board.  Output  logic  level  DC  limits  are 
specified  for  pulldown  RL  =  50fl  to  termination  voltage  VT  = 
-2V. 

When  the  -2V  termination  voltage  is  available,  the  practical 
pulldown  resistor  range  is  50(1  to  100fi.  If  the  user  does  not 
wish  to  provide  a  -2V  supply,  then  pulldown  may  be  to  -5.2V 
with  200(1  to  300fl  resistors.  Alternatively,  each  output  may 
be  loaded  with  82H  to  GND  and  130H  to  -5.2V,  to  generate 
the  Thevenin  equivalent  of  50X1  to  -2V. 

The  effect  of  various  termination  values  on  output  logic  levels 
may  be  estimated  by  assuming  7fl  as  the  output  source 
resistance.  There  are  AC  effects  as  well.  The  CMP-08  is  a 
high-gain  broadband  device,  with  stability  dependent  to 
some  extent  on  output  loading. 

Optimum  damping  is  achieved  when  both  outputs  are  equally 
terminated  with  50fi  to  -2V  or  the  Thevenin  equivalent,  with 
capacitive  load  below  10pF  per  output,  and  less  than  5pF  load 
mismatch.  Avoid  the  use  of  only  one  output.  Some  loss  of 
input  resolution  may  occur  when  termination  resistance 
exceeds  50O,  or  with  greater  capacitive  loading. 

INPUT  RESOLUTION 

All  comparators  have  input  resolution  limited  by  gain  and 
noise.  Fast,  broadband  devices  generally  have  less  input 
resolution  than  traditional,  slow  comparators.  The  CMP-08 
offers  a  good  combination  of  input  resolution  and 
performance. 

To  obtain  "hard"  output  logic  voltage  swing  over  the  full 
operating  temperature  range,  a  mimimum  input  voltage 
increment  of  about  1.5mV  is  required.  Smaller  input  incre- 
ments can  be  resolved  if  the  CMP-08  outputs  are  used  differ- 
entially, or  if  the  CMP-08  drives  the  data  input  to  a  latch  or 
flip-flop. 

In  the  linear  transfer  region,  the  CMP-08  broadband  noise  is 
approximately  0.1  mV  RMS,  or  0.5mV  peak-to-peak.  This  pro- 
vides a  limit  to  the  repeatability  of  any  comparison  decision. 


ADDING  HYSTERESIS 

With  its  excellent  stability,  the  CMP-08  will  not  require  hys- 
teresis in  most  applications.  Hysteresis  may  be  beneficial  if 
the  input  voltage  may  come  to  rest  within  2mV  of  threshold, 
or  if  the  input  slew  rate  is  below  0.5V/ns  through  threshold. 
The  use  of  hysteresis  will  provide  sharp  output  transitions 
even  when  inputs  are  slow,  and  will  reduce  the  likelihood  of 
invalid  output  transitions  due  to  noise. 

Figure  1  shows  hysteresis  added  to  a  CMP-08  circuit,  with 
single-ended  input  and  output  signals.  Pulldown  resistors  Rl 
to  termination  voltage  VT  are  required  as  usual.  With  the 
illustrated  values  of  4.7kn  to  output  and  10fl  to  ground, 
switching  points  at -1.1  mV  and  -3.9mV  are  typically  obtained. 
In  most  DC-coupled  applications,  the  hysteresis  trip  points 
must  be  offset  to  other  values.  This  may  be  accomplished  by 
connecting  the  10ft  resistor  to  a  reference  voltage  other  than 
ground,  provided  that  the  reference  voltage  is  carefully 
decoupled.  In  small-signal  applications,  variations  in  switch- 
ing points  due  to  output  voltage  variations,  resistance  toler- 
ance, and  offset  voltage  must  be  taken  into  account.  Note 
that  the  source  resistance  seen  at  the  feedback  node  has 
been  kept  small,  to  avoid  excessive  phase  shift  due  to  RC  time 
constants. 

FIGURE  1:  Optional  Hysteresis  Circuit 


Okn 


REFERENCE  VOLTAGE 
OR  OND 


INPUT  VOLTAGE  RANGE 

The  CMP-08  positive  common-mode  input  voltage  range  ex- 
tends at  least  to  2.05V  below  the  V+  supply.  The  negative 
common-mode  range  extends  at  least  to  1.94V  above  the  V- 
supply. 

The  application  of  either  input  signal  above  the  positive 
common-mode  range  may  cause  undesirable  operation.  On 
the  negative  end,  the  CMP-08  will  function  properly  if  one  or 
the  other  input  is  outside  the  common-mode  range  (but 
within  the  absolute  maximum  limits),  provided  that  the  other 
input  is  within  the  common-mode  range. 

In  all  cases,  the  maximum  differential  signal  between  +IN  and 
-IN  must  be  kept  within  the  ±6V  absolute  maximum  rating. 
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CMP-08  HIGH-SPEED  COMPARATOR  WITH  ECL  OUTPUTS 


CIRCUIT  BOARD  DESIGN 

The  CMP-08  is  a  high-gain  broadband  device.  The  circuit 
board  must  use  RF  design  practices  lor  proper  operation. 
Wire-wrap  techniques  are  unlikely  to  be  successful. 

The  V+  and  V-suppliesmust  be  decoupled  to  ground  using 
low  inductance  capacitors  installed  adjacent  to  the  CMP-08 
supply  pins.  The  use  of  0.1  juF  ceramic  capacitors  with  closely 
trimmed  leads  (or  leadless)  is  recommended. 

The  circuit  board  should  include  a  solid  ground  plane,  at 
least  in  the  neighborhood  of  the  CMP-08  and  overlying  its 
input  and  output  signal  traces.  When  a  -2V  termination 


supply  is  used,  it  should  be  decoupled  to  ground  adjacent  to 
the  CMP-08  output  pulldown  resistors. 

Best  operation  is  obtained  when  the  CMP-08  is  soldered 
directly  to  the  circuit  board.  Successful  operation  is  also 
obtained  with  the  use  of  low-profile  machined-contact  sock- 
ets, which  are  designed  for  high-speed  applications. 

ECL-TO-TTL  TRANSLATION 

The  MC10125  or  MC10H125  quad  ECL-to-TTL  translator 
devices  may  be  used  to  convert  the  CMP-08  ECL  outputs  lo  a 
TTL-compatible  signal. 
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Precision  IVlonolithies  Inc. 


CMP- 404 

QUAD  LOW-POWER 
PRECISION  COMPARATOR 


FEATURES 

•  Very  Low  Power  Consumption    1.5mW  Max 

•  Low  Input  Offset  Voltage    ImVMax 

•  Very  Low  Drift   SyV^CTyp 

•  High  Output-Drive  Current   25mA  Typ 

•  Single  or  Dual  Supply  Operation 

•  Ideal  for  CMOS  Logic  Interlace 

•  LM139Pinout 

ORDERING  INFORMATIONt 


OPERATING 

25"  C 

HERMETIC 

TEMPERATURE 

Vos(mV) 

DIP  PACKAGE 

RANGE 

1 

CMP404AY* 

MIL 

2 

CMP404BY" 

MIL 

1 

CMP404EY 

IND 

2 

CMP404FY 

IND 

'For  devices  processed  in  total  compliance  to  MIL-STD-883,  add/883  after 
part  number.  Consult  factory  for  883  data  sheet. 

tBurn-in  Is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book.  Section  2. 


GENERAL  DESCRIPTION 

Four  precision-input  comparators  provide  excellent  speed 
with  low  power  consumption  through  use  of  a  novel  Schottky- 
clamped  design.  These  open-collector  output  comparators 
only  consume  365  microwatts  each,  yet  they  make  accurate 
5mV  decisions  in  only  four  microseconds.  In  addition,  they 
candrive  load  currents  of  25mA.  This  output  stage  is  ideal  for 
driving  relays,  lamps,  and  LEDs. 

SIMPLIFIED  SCHEMATIC  (1/4  OF  CMP-404) 


The  low  input-offset-voltage  makes  the  CMP-404  an  ideal 
companion  to  CMOS  logic  when  the  stability  and  accuracy  of 
a  bipolar  technology  is  needed  along  with  low  power  con- 
sumption. The  open-collector  outputs  with  pull-up  resistors 
provide  CMOS  interface  with  excellent  noise  immunity. 
Improved  isolation  between  comparators  was  achieved  by 
use  of  an  independent  bias  circuit  for  each  comparator.  This 
is  especially  important  when  one  comparator  is  detecting 
low-level  signals  while  an  adjacent  comparator  is  being 
driven  by  a  high-level  signal.  In  single-supply  operation,  the 
inputs  can  operate  at  ground.  The  CMP-404  can  operate  from 
5  to  30  volts  single  supply  or  ±2.5  to  ±15  volts  dual  supply. 

Window  comparators,  limit  comparators,  multivibrators,  one 
shots,  voltage-controlled  oscillators,  and  set-point  detectors 
are  common  applications. 

PIN  CONNECTIONS 


OUT  2^ 
V+[T 

in  i-tTT 

IN  1*1^ 

in  2-  j^r 

IN  2+^ 


It 


14] OUT  3 
13] OUT  4 

171  cno 

7l")lN4» 
To]  IN  4- 

T|lN  3- 


14-PIN  HERMETIC  DIP 
(Y-Sufflx) 


GO 

O 

2 

o 
u 

UJ 

1 
2 


■SUBSTRATE  DIODES 
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CMP-404  QUAD  LOW-POWER  PRECISION  COMPARATOR 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage    36V  or  ±  18V 

Input  Voltage  -0.3V  to  V+ 

Output  Voltage    -0.3V  to  36V 

Power  Dissipation    500mW 

Derate  Above  100°  C  by   10mW/°C 

Thermal  Resistance  (0JA)  100°C/W 

Operating  Temperature  Range 

CMP-404EY/FY  -25°C  to  +  85°C 

CMP-404AY/BY  -55°C  to  +  125°C 

DICE  Junction  Temperature  (Tj)  -65°Cto  +  150°C 


Storage  Temperature  Range  -65°Cto  +  150°C 

Input  Current  (Note  2)  20mA 

Output  Short-Circuit  to  V+  (Note  3)  50mA 

Lead  Temperature  (Soldering,  60  sec)  300° C 

NOTE: 

1 .  Absolute  maximum  ratings  apply  to  both  packaged  parts  and  DICE,  unless 
otherwise  noted. 

2.  Limit  for  input  current  that  flows  when  input  voltage  signals  exceed  V+  or 
GNO  forward  biasing  internal  junctions. 

3.  Short  circuits  to  V-f-  can  cause  excessive  heating  and  eventual  destruction. 
The  maximum  output  current  is  50mA. 


ELECTRICAL  CHARACTERISTICS  at  V+= 5V,  RL= 5.1  kn  and  -55° C < TA<  125° C  for  CMP-404AY/BY;  -25° C  <TA<  85°  C 
for  CMP-404  EY/FY,  unless  otherwise  noted. 


PARAMETER 

CVilD/M 

UUNUIIIUN3 

CMP-404A/E 
MIN        TYP  MAX 

CMP-404B/F 

MIN         TYP  MAX 

UNITS 

Input  Offset  Voltage 

d  —  c/in  T  —  9S*r* 

1 

2 

mV 

Vos 

Rs  =  50(1,  Full  Temp 

2 

3 

mV 

Average  Input  Offset 
Voltage  Drift 

TCV0S 

Rs  =  5on 

— 

3 

— 

— 

3 

— 

Input  Offset  Current 

los 

1          —  1           T  = 

3 

to 

3 

25 

nA 

■in  i»r  l|N(-|.  Full  Temp 

50 

100 

nA 

Input  Bias  Current 

lIN(+|orlINH'TA=25°C 

10 

50 

10 

100 

nA 

iB 

'iN(t|Orl,NH,  Full  Temp 

100 

200 

nA 

Voltage  Gain 

Av 

RL=  15x11 

50 

400 

50 

400 

V/mV 

Small-Signal 
Response  Time 

t, 

VOD  =  5mV,VSTEP  =  100mV 
RL=5.1xn.TA=25"C(Note4) 

3.5 

5 

3.5 

5 

Large-Signal 
Response  Time 

I, 

V|N  =  TTL  Logic  Swing 
VnEF=1.4V.  RL=5.1k(l 

OB 

0.8 

es 

Input  Voltage  Range 

CMVR 

TA  =  25°C 

0 

V+  -1.5 

0 

V+-1.5 

V 

TA  =  Full  Temp 

0 

V+  -2 

0 

V+  -2 

V 

Co  mm  on -Mode 
Rejection  Ratio 

CMRR 

RL  =  15xa  (Note  6) 

75 

B5 

75 

85 

dB 

Saturation  Voltage 

TA  =  25°C.  (Note  2) 

0.32 

0.4 

0.32 

0.4 

V 

Vol 

Full  Temp.  (Note  2) 

0.5 

0.5 

V 

Output  Sink 
Current 

'sink 

V,nh=1v 

V1N(*|=0V.Vo=2V.(Nole5) 

10 

25 

10 

25 

mA 

Output  Leakage  Current 

'leak 

TA=25°C.  (Note  3) 

0.01 

0.1 

0.01 

0.1 

nA 

Full  Temp,  (Note  3) 

0.4 

0.4 

nA 

Power  Supply 
Rejection  Ratio 

PSRR 

V+  =  5V  to  30V.  Rt  =  15xn 

75 

100 

65 

100 

dB 

Supply  Current 

l+ 

RL  =  - 

220 

300 

220 

350 

NOTES: 

1.  Typical  values  are  reported  for  TA=  25°C. 

2.  IS1NK  =  1mA.  V,N •=  1V.  VIN  (t,  =  0V 

3.  V,N(.,  =  0V.V,N(+r1V.Vo  =  30V 

4.  Guaranteed  by  design.  See  response-time  test  circuit. 

5.  Output  Sink  Current  should  be  limited  to  50mA  by  external  resistance. 

6.  AppEEes  over  the  CMVR  range. 
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CMP-404  QUAD  LOW-POWER  PRECISION  COMPARATOR 


DICE  CHARACTERISTICS 


DIE  SIZE  0.069  x  0.077  Inch,  5313  sq.  mils 
(1.753  X  1.956  mm,  3.43  sq.  mm) 


1.  OUTPUT  (2) 

2.  OUTPUT  (1) 

3.  POSITIVE  SUPPLY 

4.  INVERTING  INPUT  (1) 

5.  NONINVERTING  INPUT  (1) 

6.  INVERTING  INPUT  (2) 

7.  NONINVERTING  INPUT  (2) 


8.  INVERTING  INPUT  (3) 

9.  NONINVERTING  INPUT  (3) 

10.  INVERTING  INPUT  (4) 

11.  NONINVERTING  INPUT  (4) 

12.  GROUND 

13.  OUTPUT  (4) 

14.  OUTPUT  (3) 


For  additional  DICE  ordering  information,  refer 
lo  1968  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  V+  =  5V,  R 

L  =  5.1kP„  TA  =  25°C,  unless  otherwise 

noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

CMP-404G 
LIMIT 

UNITS 

Input  Offset  Voltage 

v0s 

Rs=  50!1 

2 

mV  MAX 

Input  Offset  Current 

'os 

l|N(+)  ~  'in  (-) 

25 

nA  MAX 

Input  Bias  Current 

Id 

'lN(+)or  'lN(-) 

100 

nA  MAX 

Voltage  Gain 

Ay 

RL=  15k!l 

50 

V/mV  MIN 

Input  Voltage  Range 

CMVR 

V+  -1.5 

V  MAX 

Common-Mode  Rejection  Ratio 

CMHR 

RL=  15kl! 

75 

dB  MIN 

Power  Supply  Rejection  Ratio 

PSRR 

V+  =  5V  to  30V.  RL  =  15kfl 

65 

dB  MIN 

Saturation  Voltage 

Vol 

'sink=  1mA 

0.4 

V  MAX 

Output  Sink  Current 

'sink 

V,N(-|=W 

W,  =  0V.Vo=2V 

10 

mA  MIN 

Output  Leakage  Current 

'leak 

V,n|-|  =  0V 
V|N|»|=1V.  Vo  =  30V 

0.1 

pA  MAX 

Supply  Current 

1+ 

RL  =  - 

300 

dA  MAX 

NOTE: 

Electrical  tests  are  performed  at  water  probe  to  the  fimits  shown.  Due  lo  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  V+  =  5V,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

CMP-404G 

TYPICAL 

UNITS 

Large-Signal 
Response  Time 

1, 

V)N  =  TTL  Logic  Swing 
VREF=  1.4V.  RL  =  S.1K11 

0.6 

MS 

Small-Signal 
Response  Time 

I, 

VOD  =  5mV.  V5TEP  =  tOOmV 
RL  =  S.lkfl 

35 

us 

L/3 

Pi 
o 

% 
pi 

% 
o 
u 

UJ 

U 

o 
> 
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CMP-404  QUAD  LOW-POWER  PRECISION  COMPARATOR 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


SUPPLY  CURRENT  INPUT  BIAS  CURRENT  INPUT  OFFSET  CURRENT 

vs  TEMPERATURE  vs  SUPPLY  VOLTAGE  ¥8  TEMPERATURE 


TEMPERATURE  CO  SUPPLY  VOLTAGE  IVOLTSI  TEMPERATURE  l*C) 


OFFSET  VOLTAGE 
vs  TEMPERATURE 


OUTPUT  CURRENT 
vs  OUTPUT  VOLTAGE 


— 1 — 1 

V*-5V 

1  

vl 

1 

T„  ■  125' 
85' 

25' 
-25' 

-55' 

OUTPUT  CURRENT 
vs  OUTPUT  VOLTAGE 


1 

V.  ■  5V  T. 
V,N.1V 

i  IL 

-2S'C 

'/2S* 

:  / 

125*C 

r 

-75    -50    -25      0      25      50      75     100  125 
TEMPERATURE  CC) 


OUTPUT  VOLTAGE  IVOLTS) 


OUTPUT  VOLTAGE  IVOLTS) 


OPEN-LOOP  GAIN 
vs  TEMPERATURE 


NEGATIVE  RESPONSE  TIME 
vs  OVERDRIVE 


2,° 


50mVl 

20mV 

IQmV 

5mV 

.  L 

V*  -  5V 
TA-25'C- 

'  1 

POSITIVE  RESPONSE  TIME 
vs  OVERDRIVE 


1  1 

V*  -SV 

■a 
— \ 

.._  1  I 

J 

OD  ] 
50m 

10 

iV 

2 

1—1 
mV- 

t 
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CMP-404  QUAD  LOW-POWER  PRECISION  COMPARATOR 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


POSITIVE  RESPONSE  TIME 
vs TEMPERATURE 


-  5V 

~OV 

ERDR 
V 

VE 

lOmV 

• 

mV 

►OmV 

NEGATIVE  RESPONSE  TIME 
VS  TEMPERATURE 


RESPONSE  TIME 
vs  OVERDRIVE 


i  0  25  50  75  100  125 
TEMPERATURE  t'CI 


-75    -50    -25      0      25     SO     75      100  125 
TEMPERATURE  TCI 


10    15    20    25    30    35    40    45  50 
OVERDRIVE  (mVI 
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CMP-404  QUAD  LOW-POWER  PRECISION  COMPARATOR 


APPLICATIONS  INFORMATION 

The  use  of  non-saturated  switching  within  the  CMP-404 
design  results  in  optimized  response  time.  The  high-gain 
output  stage  drives  large  load  currents  with  a  minimum  satu- 
ration voltage  (Vol).  This  provides  excellent  noise  margin 
when  driving  LSTTL  loads.  An  independent  bias  network  for 
each  comparator  inside  the  CMP-404  minimizes  crosstalk 
between  comparators.  This  proves  especially  important 
when  one  comparator  is  detecting  low-level  signals  while 
adjacent  comparators  are  making  transitions. 

Input  signals  should  be  confined  to  between  the  power 
supply  rails.  Input  signals  exceeding  either  V+  or  GND  will 
forward-bias  internal  junctions.  Input  current  during  forward 
bias  should  be  limited  to  20mA. 

CMOS  INTERFACING 


Exceeding  the  positive  end  of  the  common-mode  input- 
voltage-range  will  cause  the  comparator  output  transistor  to 
turn  on,  thus  resulting  in  a  continuous  logic-low  output  state. 
The  open-collector  output  stage  can  be  easily  wire-OR-ed  to 
make  window  comparators.  The  open-collector  output  also 
simplifies  shifting  of  logic  levels  between  different  supply 
levels.  The  output  transistors  easily  drive  high-current  loads, 
which  is  especially  useful  in  fault-detector  circuits  for  driving 
high-level  enunciators  (piezo  horns,  relays,  lamps,  or  red 
LEDs). 


TTL  INTERFACING 


LIMIT  DETECTOR  (WINDOW  COMPARATOR) 


S10S1 
-Wv- 


1 


LED  TURNS  ON  WHEN 
VS>V„  OR  VS<VL 


SETTING  UP  HYSTERESIS 


j— ^w- 


VOUT 


t 

VTRIP(-> 


VTRIINM 


VIRIP|.|  -  VTRIP(-I  5  lBG'IBG  *  RF>  x  5I  "  l>VIRG  *  nF>  *  '-s|l 
-  RG/,HG  *  HFJ  *  10     WHERE  Rf  *■  lOhll 
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CMP-404  QUAD  LOW-POWER  PRECISION  COMPARATOR 


TTL-COMPATIBLE  ANALOG  SWITCH 


JF£T  ANALOG 
SWITCH 


CMP-404 LEVEL  SHIFTER 
SWITCH  DRIVER 


ANALOG 
OUTPUT 


T 


OUTPUT  STROBING 


LOW-FREQUENCY  OPERATIONAL  AMPLIFIER 


STROBE  r 
INPUT 


Av  ■  1000V/V 

•5V  *5V 


ZERO-CROSSING  DETECTOR  CIRCUITS 


DUAL  SUPPLY 


V00-5V 


CMOS  If.-.'EflTEF. 


SINGLE  SUPPLY 


io(*  n  >      >  xoohn 
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CMP-4Q4  QUAD  LOW-POWER  PRECISION  COMPARATOR 


PULSE  GENERATOR 


REGULATED  DC-TO-DC  CONVERTER 


OPERATING  FREQUENCY  OF  2.4fcKt  IS  DETERMINED  PRIMARILY  BV  VALUE 
OF  L.  THE  INDUCTOR  MUST  HAVE  A  SATURATION  CURRENT  HIGHER  THAN 
ITS  PEAK  OPERATINO  CURRENT. 
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PMI) 


Precision  MonolithicS  Inc. 


PM-111/PM-  211 

PRECISION  VOLTAGE 
COMPARATORS 


FEATURES 

•  High  Output  Drive  50mA 

•  Low  Input  Bias  Current  SOnA  Max 

•  Low  Offset  Voltage  3mV  Max 

•  Differential  Input  Voltage  Range  +30V 

•  Logic  Outputs  Compatible  with  Bipolar  and  CMOS 

•  Fully-Specified  at  All  Temperatures 

ORDERING  INFORMATION! 


PIN  CONNECTIONS 


PACKAGE 

V0SMAX 
(mV) 

TO-99 
8-PIN 

HERMETIC  HERMETIC  OPERATING 
DIP             DIP             LCC  TEMPERATURE 
14-PIN         8-PIN          20-PIN  RANGE 

3.0 
3.0 

PM111J' 
PM211J 

PM111V 
PM211Y 

PM111Z*    PM111RC/8S3  MIL 
PMZ11Z             —  IND 

"  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  alter 

part  number.  Consult  factory  for  683  data  sheet, 
t Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plastic  dip,  andTO-can  packages.  For  ordering  information,  see  1988 

Data  Book,  Section  2. 


GENERAL  DESCRIPTION 

The  PM-111/PM-211  are  voltage  comparators  featuring  low 
Input  bias  and  offset  currents,  high-differential  voltage  ranges, 
and  wide-supply  voltage  ranges.  The  inputs  and  outputs  can  be 
isolated  from  system  ground,  and  the  output  can  drive  loads 
referred  to  ground  or  either  supply  voltage.  Strobing  and  offset 
balancing  are  available  and  the  outputs  can  be  wire  OR'ed. 


HERMETIC  MINI-DIP 

(Z-Suffix) 


14-PIN  HERMETIC  DIP 
(Y-Sufflx) 


16  8AL/STR08E  N.C. 

-IN 

6  BAL 


V-(CASE) 

TO-99 
(J-Suffix) 


MM. 

«  i  M  <  " 
z       I  <n  2 

PM-111RC/883 
LCC 
(RC-Sufflx) 


SIMPLIFIED  SCHEMATIC 
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PM-111/PM-211  PRECISION  VOLTAGE  COMPARATORS 


ABSOLUTE  MAXIMUM  RATINGS 

(Note  1) 

Total  Supply  Voltage,  V+  to  V-  36V 

Output  to  Negative  Supply  Voltage  50V 

Ground  to  Negative  Supply  Voltage  30V 

Strobe  Pin  Voltage  V+  -5V 

Differential  Input  Voltage  ±30V 

Input  Voltage  (Note  2)  +15V 

Power  Dissipation  (Note  3)  500m W 

Output  Short-Circuit  Duration   10s 

Operating  Temperature  Range 

PM-111  -55°C  to  +125°C 

PM-211  -25°C  to  +85°C 

DICE  Junction  Temperature  (Tj)  -65°C  to  +150°C 

Storage  Temperature  Flange  -65°C  to  +150°C 

Lead  Temperature  Range  (Soldering,  10  sec)  300°C 


NOTES: 

1.  Absolute  Maximum  Ratings  apply  to  both  packaged  parts  and  DICE, 
unless  otherwise  noted. 

2.  Rating  applies  to  Vs  =  ±  15V.  The  positive  input-voltage  limit  is  30V  above 
the  negative  supply.  The  negative  input-voltage  limit  is  equal  to  the  negative 
supply  or  30V  below  the  positive  supply,  whichever  is  teas. 

3.  Maximum  package  power-dissipation  vs.  ambient  temperature. 


PACKAGE  TYPE 

MAXIMUM  AMBIENT 
TEMPERATURE 
FOR  RATING 

DERATE  ABOVE 
MAXIMUM  AMBIENT 
TEMPERATURE 

TO-99  (J) 

7S°C 

6.SmW/'C 

Hermetic  DIP  (Z) 

7S'C 

6.7mW7°C 

Hermetic  DIP  (Y) 

BS-C 

s.OmWVC 

LCC  (RC) 

88°C 

8.1mW/»C 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  ground  pin  at  ground  and  TA  =  25°C,  unless  otherwise  noted. 


PM-111/PM-211 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input  Offset 
Voltage 

Vos 

(Note  1) 

0.75 

3.0 

mV 

Input  Offset 
Current 

'OS 

(Notet) 

0.3 

5.0 

nA 

Input  Bias 
Current 

•b 

(Note  1) 

25 

50 

nA 

Voltage  Gain 
(Emitter) 

Ave 

(Note  2) 

75 

V/mV 

Voltage  Gain 
(Collector) 

Awc 

200 

WmV 

Response  Time 

I, 

RL  =  SOOn  (tied  toV+) 
Vo0  =  SmV  (Note  3) 

ISO 

ns 

Saturation 
Voltage 

Vol 

V,N  s  -5mV 
loux  =  50mA 

0.68 

1.0 

V 

Output  Leakage 

'CEX 

V,N>+5mV 

5 

15 

nA 

Current 

VOUT  =  50V 

Positive  Supply 
Current 

"sr* 

3.3 

5 

mA 

Negative  Supply 
Current 

•sr- 

2.4 

4 

mA 

Input  Voltage 

IVR 

-14.5 

-14.8 

V 

Range 

+  13 

+14 

NOTES: 

1.  The  offset  voltage,  offset  current,  and  bias  current  given  are  the  maximum  values  required  to  drive  the  collector  output  to  within  IV  of  the  supplies  with  a 
7.5kn  load.  These  parameters  deline  an  error  band  and  take  into  account  the  worst  case  elfects  ol  voltage  gain  and  input  impedance. 

2.  Average  ol  Av+  and  Av-over  a  ±10V  output  range  measured  at  the  emitter. 

3.  The  response  time  specified  is  for  a  lOOmV  Input  step  with  a  5mV  overdrive  and  is  the  time  required  for  the  slowest  edge.  The  slowest  response  occurs  at 
the  highest  temperature  of  operation. 
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PM-111/PM-211  PRECISION  VOLTAGE  COMPARATORS 


ELECTRICAL  CHARACTERISTICS  at  Vs = ±15V,  ground  pin  at  ground  and  -25°C  <  TA  <  +85°C,  unless  otherwise  noted. 


PM-211 

PARAMETER 

SYMBOL 

CONDITIONS 

M1N 

TYP 

MAX 

UNITS 

Input  Offset 
voltage 

Vos 

(Note  1) 

— 

0.8 

3.0 

rnV 

Input  Offset 
Current 

I  OS 

(Nolel) 

— 

0.3 

7 

nA 

Input  Bias 
Current 

<B 

(Note  1) 

— 

25 

100 

nA 

Voltage  Gain 
(Emitter) 

AVE 

(Note  2) 

— 

35 

— 

WmV 

Response  Time 

t, 

RL  =  50011  (tied  to  V+) 
V0D  =  5mV  (Note  3) 

— 

240 

— 

ns 

Saturation 
Voltage 

Vol 

V,Ns-5mV 
'out  =  5(>mA 

— 

0.8 

1.5 

V 

Output  Leakage 
Current 

'CEX 

V|Na+5mV 
VOut  =  50V 

10 

100 

nA 

Positive  Supply 
Current 

'SY* 

4 

6 

mA 

Negative  Supply 
Current 

l(5Y- 

2.8 

5 

mA 

Input  Voltage 
Range 

IVR 

-14.5 
13 

-14.8 
14 

V 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  ground  pin  at  ground  and 

-55°C  <  TA  £  +125°C,  unless  otherwise  noted. 

PM-111 

PARAMETER 

SYMBOL 

CONDITIONS 

M1N 

TYP 

MAX 

UNITS 

Input  Offset 
Voltage 

Vos 

(Notel) 

0.8 

3.0 

mv 

Input  Offset 
Current 

los 

(Note  1) 

0.3 

10 

nA 

Input  Bias 
Current 

lB 

(Notel) 

25 

100 

nA 

Voltage  Gain 
(Emitter) 

Ave 

(Note  2) 

20 

WmV 

Response  Time 

I, 

RL  =  500n  (tied  to  V+) 
V0D  =  5mV  (Note  3) 

420 

ns 

Saturation 
voltage 

Vol 

V,N<-5mV 
I0ut  =  SOmA 

0.82 

1.5 

V 

Output  Leakage 
Current 

'CEX 

V,N>+5mV 
VOUT  =  60V 

145 

500 

nA 

Positive  Supply 
Current 

IsV 

4.2 

6 

mA 

Negative  Supply 
Current 

>sr 

3 

5 

mA 

Input  Voltage 
Range 

IVR 

-14.8 
+  13 

-14.8 
+14 

V 

NOTES: 

1.  The  offset  voltage,  offset  current,  and  bias  current  given  are  the  maximum  values  required  to  drive  the  collector  output  to  within  1 V  of  the  supplies  with  a  7.5ktt 
toad.  These  parameters  define  an  error  band  and  take  into  account  the  worst  case  effects  of  voltage  gain  and  input  impedance. 

2.  Average  of  Av+  and  Av-  over  a  ±10V  output  range  measured  at  the  emitter. 

3.  The  response  time  specified  is  for  a  100mV  Input  step  with  a  5mv*  overdrive  and  is  the  time  required  for  the  slowest  edge.  The  slowest  response  occurs  at  the 
highest  temperature  of  operation. 
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PM-111/PM-211  PRECISION  VOLTAGE  COMPARATORS 


DICE  CHARACTERISTICS 


DIE  SIZE  0.066  x  0.050  inch,  3300  sq.  mils  |(J  19(j8  Da,a  Book  Sec,ion  2 

(1.68  x  1.27mm,  2.13  sq.  mm) 


WAFER  TEST  LIMITS  at  VS  =  ±15V,  TA  =  2S°C  and  ground  pin  at  ground  for  PM-111GBC.  TA=  125°C  for  PM-111GTBC,  unless 
otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

PM-111GTBC 
LIMIT 

PM-111GBC 

LIMIT 

UNITS 

Input  Ollset  Voltage 

v0s 

(Note  1) 

3 

3 

mV  MAX 

Input  Ollset  Current 

'OS 

(Note  1) 

10 

5 

nA  MAX 

Input  Bias  Current 

'b 

(Note  1) 

100 

50 

nA  MAX 

Saturation  Voltage 

Vol 

1.5 

1.0 

V  MAX 

Output  Leakage  Current 

'CEX 

VIN>+5mV 
VOUT  =  50V 

500 

15 

nA  MAX 

Input  Voltage  Range 

IVR 

±13 

V  MIN 

Positive  Supply  Current 

lSv+ 

6 

5 

mA  MAX 

Negative  Supply  Current 

ISY" 

5 

4 

mA  MAX 

NOTE: 

Electrical  tests  are  perlormed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not 
guaranteed  lor  standard  product  dice.  Consult  lactory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs 

for  PM-111GTBC,  unless  otherwise  noted. 

=  ±15V,  TA  =  25°Cand  ground  pin  at  ground  for  PM-111GBC.  TA  =  125°C 

PARAMETER 

SYMBOL 

CONDITIONS 

PM-111GTBC 
TYPICAL 

PM-111GBC 
TYPICAL 

UNITS 

Voltage  Gain 
(Emitter  i 

AVE 

lNote2l 

20 

75 

V/mV 

Response  Time 

t, 

iNote  31 

420 

180 

ns 

NOTES: 

1.   The  offset  voltage,  offset  current,  and  bias  current  given  are  the  maximum  2.  Average  of  Av-  and  Av-  over  a  ±10V  output  range  measured  at  the  emitter, 

values  required  to  drive  the  collector  output  to  within  1V  of  the  supplies  3,  The  response  time  specified  is  for  a  lOOmV  input  step  with  a  5mV  overdrive 

with  a  7.5kll  load  These  parameters  define  an  error  band  and  take  into  and  is  the  time  required  for  the  slowest  edge.  The  slowest  response  occurs 

account  the  worst  case  effects  of  voltage  gain  and  input  impedance.  at  the  highest  temperature  of  operation. 
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PM-111/PM-211  PRECISION  VOLTAGE  COMPARATORS 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


INPUT  OFFSET  VOLTAGE 
vs  TEMPERATURE 


VCM 
Vf 

-ov 

115V 

-55     -23       0       25       SO       75      tOO  125 
TEMPERATURE  fC) 


INPUT  OFFSET  VOLTAGE 
vs  TEMPERATURE 


Veil 

v»- 

-cv 

-55     -23       0       25       SO      75  tOO 
TEMPERATURE  (*C) 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


-2S.0 

Vca 

Vi- 

=  BV 
=  15V 

-22-5 

-200 

-175 
-154) 
-t2J 

0  25  50  75  TOO  125 
TEMPERATURE  CC) 


INPUT  BIAS  CURRENT 
vs  COMMON-MODE  VOLTAGE 


1 

K 

3 
O 

1  30 

s 


■  1 

T.-25-C 

-W    -12     -5     -4       0     +4     +8     +12  +15 
INPUT  COMMON-MODE  VOLTAOE  (V) 


°  -a 
I 

s 


INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


Vcu 
Vi- 

■  ov 

-55     -25       0       25       SO       75      100  125 
TEMPERATURE  ("CI 


X  - 

i 

o 

S  0.4 


COMMON-MODE  LIMITS 
vs  TEMPERATURE 


— I — I — I — I — I — I — 

COMMON-MODE  VOLTAGE 
REFERRED  TO  SUPPLY  VOLTAGES 


-15     S      25     45    55     55    105  125 
TEMPERATURE  (*C) 


TRANSFER  FUNCTION 


£ 

ttl 

§  30 


NORMAL  - 

COLLECTOR 

- 1 
T< 

r-r- 

-2PC 

OUTPUT 
RL  -  I0k(t 

V 

I=>30 

V 

EMITT 

ER 

\ 

OUTPUT 

Rl  =  50011  - 

la. 

? 
z 
o 

i' 
I 


SATURATION  VOLTAGE 
vs  TEMPERATURE 


Vl- 

>«NK 

1  1 

115V 

-soru 

I 

k 

DIFFERENTIAL  INPUT  VOLTAGE  <fnV) 


-55     -25       0       25       60       75      100  125 
TEMPERATURE  (*C) 


SATURATION  VOLTAGE 
vs  SINK  CURRENT 


c 

12S*Ci 
25*C 
-WC 

SINK  CURRENT  (mA) 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


RESPONSE  TIME  FOR 
VARIOUS  INPUT  OVERDRIVES 


i 

-  c 

VxTV"2 

knv 
mV 
mV  • 

r 

—  T,-2 

•c  - 

V»  =  i 

1 

sv 

RESPONSE  TIME  FOR 
VARIOUS  INPUT  OVERDRIVES 


100 
TIME  <n>) 


RESPONSE  TIME  FOR 
VARIOUS  INPUT  OVERDRIVES 


&5    1.0    1.5    U    U    U    U  U 
TIME  (*») 


RESPONSE  TIME  FOR  COMMON-MODE  REJECTION  TOTAL  SUPPLY  CURRENT 

VARIOUS  INPUT  OVERDRIVES  RATIO  vs  TEMPERATURE  vs  TOTAL  SUPPLY  VOLTAGE 


8-56 


7/87,  Rev.  B 


PMI) 


Precision  MunolithicS  Inc. 


PM-119/PM-219 

PRECISION  HIGH-SPEED 
DUAL  COMPARATORS 


FEATURES 

•  TWo  Independent  Comparators 

•  Operates  from  a  Single  SV  Supply 

•  Response  Time  80ns  Typ  at  ±15V 

•  High  Output  Drive  Current  25mA 

•  Pin  for  Pin  Replacement  for  LM119 
with  Improved  Electrical  Specifications 

•  Input  Offset  Voltage  2.5mVMax 

•  Input  Offset  Current  SOnA  Max 

•  Voltage  Gain    100V/mV  Mln 

•  Positive  Supply  Current  10mA  Max 

•  Negative  Supply  Current  4mA  Max 

•  Minimum  Fan  Out  of  2  Each  Side 

•  Inputs  and  Outputs  Isolated  from  System  Ground 

ORDERING  INFORMATION! 


PIN  CONNECTIONS 


14-PIN  DUAL-IN-LINE 
(Y-Suffix) 


*No  internal  connections 


OPERATING 

V08MAX 

HERMETIC  DIP 

TEMPERATURE 

(mV) 

14-PIN 

RANGE 

2.5 

PM-119Y* 

MIL 

2.5 

PM-219Y 

IND 

'For  devices  processed  In  total  compliance  to  MIL-STD-883.  add  /883  alter 
part  number.  Consult  factory  lor  883  data  sheet 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip,  endTO-can  packages.  For  ordering  information,  see  1988 
Data  Book,  Section  2. 


GENERAL  DESCRIPTION 

The  PM-119/PM-219  is  PMI's  improved  version  of  the  industry- 
standard  LM119series  dual  high-speed  voltage  comparator  (see 
Features  section).  It  is  designed  to  operate  from  a  single  +5V 
supply  up  to  ±15V  dual  supplies.  Open-collector  outputs  are 
provided  forlogic  interface  flexibility,  allowing  output  swingsof 
up  to  +35V.  High  output  drive  capability  facilitates  RTL,  DTL, 
and  TTL  interfacing,  as  well  as  relay  and  lamp  driving  at  currents 
up  to  25mA.  Typical  response  time  of  80ns  with  ±15V  power 
supplies  makes  the  PM-119/PM-219  ideal  for  application  in  fast 
A/D  converters,  level  shifters,  oscillators,  and  multivibrators. 


SIMPLIFIED  SCHEMATIC 
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PM-119/PM-219  PRECISION  HIGH-SPEED  DUAL  COMPARATORS 


ABSOLUTE  MAXIMUM  RATINGS 


Total  Supply  Voltage  36V 

Out  to  Negative  Supply  Voltage  36V 

Ground  to  Negative  Supply  Voltage  2SV 

Ground  to  Positive  Supply  Voltage  18V 

Differential  Input  Voltage  ±5V 

Input  Voltage  (Note  1)  ±15V 

Power  Dissipation  (Note  2)  SOOmW 

Output  Short  Circuit  Duration  10  sec 

Operating  Temperature  Range 

PM-119  -55°C  to +125"C 

PM-219  -25°C  to  +85°C 


Storage  Temperature  Range  -65°C  to  +150I>C 

Lead  Temperature  (Soldering,  10  sec)   300°C 

NOTES: 

1.  For  supply  voltages  less  than  ±15V,  the  absolute  maximum  input  voltage  is 
equal  to  the  supply  voltage. 

2,  The  maximum  junction  temperature  of  the  PM-119  is  1S0°C,  white  that  of  the 
PM-219  is  110°C.  The  thermal  resistance  of  the  dual-In-line  package  is 
100°C/W,  junction  to  ambient. 


ELECTRICAL  CHARACTERISTICS  at  Vs = ±15V,  ground  pins  at  ground  and  TA = 25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

PM-119/PM-219 

MIN         TYP  MAX 

UNITS 

Input  Offset  Voltage 

Vos 

Rs£5kn 

0.2 

2.5 

mV 

Input  Offset  Current 

'os 

(Note  1) 

10 

SO 

nA 

Input  Bias  Current 

'b 

(Note  1) 

2B0 

500 

nA 

Voltage  Gain 

100 

1000 

V/mV 

Response  Time 

t, 

(Note  2) 

SO 

ns 

Saturation  vol  logo 

VSAT 

V1NS-SmV.lOUT  =  25mA 

0.6 

1.2 

V 

Saturation 
Voltage 

VSAT 

V+34.5V,  V-  =  0 
V|NS-6mV.  ls,NKS  3.2mA 

0.23 

0.4 

V 

Output  Leakage  Current 

'cex 

V,N2SmV.VOUT  =  35V 

0.1 

2.0 

cA 

Positive  Supply  Current 

■  + 
's 

7.0 

10.0 

mA 

Negative  Supply  Current 

's~ 

3.0 

4.0 

mA 

Positive  Supply  Current 

1  + 
■s 

v+=sv.  v-=o 

3.5 

mA 

Input  Voltage  Range 

IVR 

-12 

±13 

+12 

V 

NOTES: 

1.  The  offset  voltages  and  offset  currents  given  are  the  maximum  values 
required  to  drive  the  output  within  a  volt  of  either  supply  with  a  1mA  load. 
Thus,  these  parameters  define  an  error  band  and  take  Into  account  the 
worst  case  effects  of  voltage  gain  and  Input  Impedance. 

2.  The  response  time  specified  is  for  a  lOOmV  Input  step  with  SmV  overdrive. 
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 |pj^|j^  PM-119/PM-219  PRECISION  HIGH-SPEED  DUAL  COMPARATORS  

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  ground  pins  at  ground  and  -55°C  <  TA  <  +125°C.  unless  otherwise  noted. 


PM-119 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

vos 

Rs  <  5ktt 

— 

2.0 

5.0 

mV 

Input  Offset  Current 

'os 

(Note  1) 

20 

100 

nA 

Input  Bias  Current 

'b 

(Note  1) 

400 

1000 

nA 

Positive  Supply  Current 

1  + 
's 

ao 

11.5 

mA 

Negative  Supply  Current 

's 

3.0 

4.5 

mA 

Positive  Supply  Current 

's 

V+  =  5V.  V-  =  0 

3.5 

mA 

Saturation 
Voltage 

V-SAT 

V+>4.5V.  V-=0 

V1N  <  -6mV,  Is^k  <  3.2mA 

0.3 

0.6 

V 

Differential  tnput  Voltage 

±5 

V 

Output  Leakage  Current 

'CEX 

V|N>5mV.VOUT=35V 

1.5 

10.0 

mA 

NOTE: 

1.  The  offset  voltages  and  offset  currents  given  are  the  maximum  values 
required  to  drive  the  output  within  a  volt  of  either  supply  with  a  1m  A  load- 
Thus,  these  parameters  define  an  error  band  and  take  into  account  the 
worst  case  effects  of  voltage  gain  and  input  impedance. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  ground  pins  at  ground  and  -25°C  <  TA  <  +85°C,  unless  otherwise  noted. 


PM-219 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tnput  Offset  Voltage 

Vos 

Rs  £  5k!) 

0.5 

5.0 

mV 

Input  Offset  Current 

'os 

(Note  1) 

15 

100 

nA 

Input  Bias  Current 

'b 

(Note  1) 

350 

1000 

nA 

Positive  Supply  Current 

's 

6.0 

11.5 

mA 

Negative  Supply  Current 

's~ 

3.0 

4.5 

mA 

Positive  Supply  Current 

's 

V+  =  5V.  V-  =  0 

3.5 

mA 

Saturation 
Voltage 

VsAT 

V+  >  4.5V.  V-  =  0 

V,N  <  -6mV,  lSINK  <  3.2mA 

0.3 

0.6 

V 

Differential  tnput  Voltage 

±5 

V 

Output  Leakage  Current 

'CEX 

VIN>5mV,VOUT  =  35V 

0.2 

10.0 

fA 

to 

Pi 
o 

s 

o 

U 

I 
o 
> 


NOTE: 

1.  The  offset  voltages  and  offset  currents  given  are  the  maximum  values 
required  to  drive  the  output  within  a  volt  of  either  supply  with  a  1mA  load. 
Thus,  these  parameters  define  an  error  band  and  take  into  account  the 
worst  case  effects  of  voltage  gain  and  input  impedance. 
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PM-119/PM-219  PRECISION  HIGH-SPEED  DUAL  COMPARATORS 


DICE  CHARACTERISTICS 


1. 

N.C.* 

8.  GNDB 

2. 

N.C.* 

9.   +  INPUT  B 

3. 

GNDA 

10.  -  INPUT  B 

4. 

+  INPUT  A 

11.  V+ 

5. 

-INPUT  A 

12.  OUTPUT  A 

6. 

V" 

13.  N.C.* 

7. 

OUTPUT B 

14.  N.C.* 

DIE  SIZE  0.079  X  0.059  Inch,  4661  sq.  mils 
(1.98  X  1.48  mm,  2.93  sq.  mm) 


•No  Internal  connection 


For  additional  DICE  ordering  Information,  refer 
to  1888  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs  = 

±15V,  ground  pins  at  ground  and  TA  = 

2S°C,  unless  otherwise  noted. 

PM-119GBC 

PM-119GTBC 

PARAMETER 

SYMBOL 

CONOITIONS 

LIMIT 

LIMIT 

UNITS 

Input  Ollset  Voltage 

v0S 

Rs£5k(l 

5.0 

5.0 

mV  MAX 

Input  Offset  Current 

'os 

(Notel) 

100 

100 

nAMAX 

Input  BIsb  Current 

'b 

(Notel) 

1000 

1000 

nA  MAX 

Saturation  Voltage 

VsAT 

V,N  s  -5mV,  Iout  =  25mA 

1.2 

VMAX 

Saturation 

V+£4.5V,V-  =  0 

0.4 

0.6 

VMAX 

Vbltage 

V,NS-6mV.IS|NKS  3.2mA 

Output  Leakage  Current 

'CEX 

vwa5mv.  Vqut^ssv 

2.0 

10.0 

/tA  MAX 

Positive  Supply  Current 

11.5 

11.5 

mA  MAX 

Negative  Supply  Current 

ls- 

4.5 

4.5 

mA  MAX 

NOTES: 

1.  The  offset  voltages  and  offset  currents  given  are  the  maximum  values  required  to  drive  the  output  within  a  volt  of  either  supply  with  a  1mA  load.  Thus,  these 

parameters  deline  an  error  band  and  take  into  account  the  worst  case  effects  of  voltage  gain  and  Input  Impedance. 
Electrical  tests  are  perlormed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  tor  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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PM-119/PM-219  PRECISION  HIGH-SPEED  DUAL  COMPARATORS 


TYPICAL  PERFORMANCE  CHARACTERISTICS 
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PM-119/PM-219  PRECISION  HIGH-SPEED  DUAL  COMPARATORS 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


RESPONSE  TIMES  FOR  RESPONSE  TIMES  FOR  RESPONSE  TIMES  FOR 

VARIOUS  INPUT  OVERDRIVES  VARIOUS  INPUT  OVERDRIVES  VARIOUS  INPUT  OVERDRIVES 


-SO      0      50     100     ISO    200    250    300    350  -50      0      50     WO     150    200    230    300    350  -SO      0       50     100     ISO    200    250    300  350 

TWE  [iu|  TIME  (m)  TIME  (n») 


BURN-IN  CIRCUIT 


+15V 

o 


15U1 


6 

-15V 

Mtl-STO-083,  METHOD  1015.  CONDITION  C 
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jYlonulitliics  Inc. 


PM-139/PM-139A 

QUAD  LOW-POWER 
VOLTAGE  COMPARATORS 


FEATURES 

•  Single  or  Dual  Supply  Operation 

•  Input  Voltage  Range  Includes  Ground 

•  Low  Power  Consumption  (2mW/Comparator) 

•  Low  Input  Bias  Currant   2SnA 

•  Low  Input  Offset  Current   ±5nA 

•  Low  Offset  Voltage   +2mV 

•  Low  Output  Saturation  Voltage  (250mV  @  4mA) 

•  Logic  Outputs  Compatible  with  TTL,  DTL,  ECL,  MOS, 
and  CMOS 

•  Directly  Replaces  LM139  and  LM139A  Comparators 


ORDERING  INFORMATION! 


+2S°C 

PACKAGE 

OPERATING 

v08 

14-PIN 

TEMPERATURE 

(mV) 

HERMETIC  DIP  LCC 

RANGE 

±2* 

PM139AY*  PM139ARC/883 

MIL 

±5- 

PM139V 

MIL 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /8B3  alter 
part  number.  Consult  factory  for  883  data  sheet. 

tBurn-in  is  available  on  commercial  and  Industrial  temperature  range  parts  In 
cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  Information,  see  1S88 
Data  Book.  Section  2. 


are  offered  In  a  design  that  features  single  power  supply 
operation.  The  Input  voltage  range  Includes  ground  for 
convenient  single  supply  operation.  The  2mA  power  supply 
current,  Independent  of  supply  voltage  —  coupled  with  the 
single  supply  operation,  makes  this  comparator  ideal  for  low 
power  applications.  Open  collector  outputs  allow  maximum 
applications  flexibility. 

PIN  CONNECTIONS 


§  §  y  §  § 


ITIF51RI51FII. 


E 

[»  IN  4* 
[«  M.C. 


[u  IN4- 


14-PIN  HERMETIC  DIP 
(Y-Sufflx) 


<4  A  t 
-  _  3  S  S 

PM-139ARC/B83 
LCC  PACKAGE 
(RC-Sufflx) 


GENERAL  DESCRIPTION 

The  PM-139  has  four  independent  voltage  comparators,  each 
with  precision  DC  specifications.  Low  offset  voltage,  bias 
current,  power  consumption  and  output  saturation  voltage 

SIMPLIFIED  SCHEMATIC  (ONE  COMPARATOR) 


TYPICAL  INTERFACE 


1 


02  Q3 


(  )  IBuA        ()lW»<A        (DUvA  ()lOftiA 

^  O  OUTPUT 


n  f1^" 


*SU3STBATE  DIODES 


DRIVING  CM08 


DRIVING  TTL 
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PM-139/PM-139A  QUAD  LOW  POWER  VOLTAGE  COMPARATORS 


ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage,  V+    36V  or  ±  18V 

Differential  Input  Voltage   36V 

Input  Voltage  -0.3V  to  +36V 

Power  Dissipation  Hermetic  DIP   500mW 

Derate  Above  100°C    10mW/°C 

Output  Short-Circuit  to  Ground    Continuous 


Input  Current  (VIN<-0.3V)  50mA 

Operating  Temperature  Range 

PM-139A/139/139ARC  -SS^C  to  +  125°C 

Storage  Temperature  Range  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  60  sec)   300°C 


ELECTRICAL  CHARACTERISTICS  at  V+  =  +5V.  TA  =  25°C,  unless  otherwise  noted. 


PM-139A 

PM-139 

rMnMrni,  i  en 

QVMRni 

9IMDUL 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

vos 

(Note  1) 

1 

2 

2 

5 

mV 

Input  Bias  Current 

>B 

l,N(+)  <>'  I|n(")  wllh 
Output  in  Linear  Range 

- 

25 

100 

- 

25 

100 

nA 

Input  Offset  Current 

'os 

!,„<+)  or  l,NH 

3 

25 

3 

25 

nA 

tnput  Common-Mode 
Voltage  Range 

CMVR 

(Notes  2,  5.  6) 

0 

3.5 

0 

3.5 

V 

Supply  Current 

Rl  =  *  on  all  Comparators 
V+  =  30V 

0.8 

2 

0.8 

2 

mA 

RL>15k(l.  V+  =  15V 

Voltage  Gain 

Avo 

(To  support  large 
y0  swing)  (Note  S) 

SO 

200 

50 

200 

V/mV 

Large-Signal 
Response  Time 

tf 

VIN  =  TTL  Logic  Swing. 
VHEF=1.4V,VRL  =  SV. 
RL  =  5.1kti,  (Note  4) 

300 

300 

ns 

Response  Time 

tr 

VRL  =  5V.  RL=5.1kn 
(Notes  3.  4) 

1.3 

1.3 

MS 

Output  Sink  Current 

'sink 

v,N(-)aiv.v,N(+)  =  o. 

V0<1.5V 

6 

16 

S 

16 

mA 

Saturation  Voltage 

Vol 

VIN(-)>1V.V,N(+)  =  0. 
lSINK£4mA 

250 

400 

250 

400 

mV 

Output  Leakage 
Current 

'leak 

V,N(+)>1V,VIN(-)=0. 
V0  =  30V 

0.1 

0.1 

nA 

ELECTRICAL  CHARACTERISTICS  at  V+  =  +5V,  -550C  <  TA  <  +  125"C,  unless  otherwise  noted. 


PM-139A  PM-139 

PARAMETER  SYMBOL        CONDITIONS  MIN       TYP      MAX  MIN       TYP      MAX  UNITS 


Input  Offset  Voltage 

Vos 

(Note  1) 

—  4 

-  9 

mV 

Input  Offset  Current 

'os 

"in(+>  or  l|N<-> 

-  100 

—  100 

nA 

Input  Bias  Current 

'b 

lIN(+)  OR  IinH  with 
Output  In  Linear  Range 

—  300 

-  300 

nA 

Input  Common-Mode 
Voltage  Range 

CMVR 

(Notes  3. 5) 

0 

—  V+-2 

0 

—  V+-2 

V 

Saturation  voltage 

Vol 

VIN(-)21V.VIN(+)=0. 
lSINKS4mA 

700 

-  700 

mV 

Output  Leakage 
Current 

'leak 

VlN(+)>1V,VlN(-)  =  0. 
V0  =  30V 

—  1 

—  1 

("A 

Differential  Input 
Voltage 

Keep  All  VtN  S  >  0V 

—  36 

-  36 

V 

NOTES: 

1.  At  output  switch  point,  V0  =  1.4V,  Rs= Oil  with  V+  from  5V.  and  over  the  full 
input  common-mode  range  (0V  to  V+  -  1.5V). 

2.  The  input  common-mode  voltage  or  either  input  voltage  signal  should  not 
be  allowed  to  go  negative  by  more  than  0.3V.  The  upper  end  of  the 
common-mode  voltage  range  is  V+  -1.5V.  but  either  or  both  inputs  can  go 
to  +30V  without  damage. 


3.  The  response  time  specified  isfor  a  lOGmV  input  step  with  5mV  overdrive. 
For  larger  overdrive  signals  300ns  can  be  obtained.  See  characteristics 
section. 

4.  Sample  tested. 

5.  Guaranteed  by  design. 

6.  Positive  CMVR  limit  equals  V+  -1.5V  for  supply  voltages  other  than  5V. 
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PMI> 


PM-139/PM-139A  QUAD  LOW  POWER  VOLTAGE  COMPARATORS 


DICE  CHARACTERISTICS 


DIE  SIZE  0.051  x  0.048  inch,  2448  sq.  mils 
(1.295  x  1.220  mm,  1.5B  sq.  mm) 


1.  OUTPUT  (2) 

2.  OUTPUT  (1) 

3.  POSITIVE  SUPPLY 

4.  INVERTING  INPUT  (1) 

5.  NONINVERTING  INPUT  (1) 

6.  INVERTING  INPUT  (2) 

7.  NONINVERTING  INPUT  (2) 

For  additional  DICE  ordering  information,  refer 
to  1988  Data  Book,  Section  2. 


8.  INVERTING  INPUT  (3) 

9.  NONINVERTING  INPUT  (3) 

10.  INVERTING  INPUT  (4) 

11.  NONINVERTING  INPUT  (4) 

12.  GROUND  (SUBSTRATE) 

13.  OUTPUT  (4) 

14.  OUTPUT  (3) 


WAFER  TEST  LIMITS  at  V  + 

=  +5V.  TA  = 

25°C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

PM-139N 

LIMIT 

UNITS 

Input  Oflsei  Voltage 

Vos 

Rs  =  01!.  RL  =  5.1KII 
V0=  1.4V,  i  Note  1| 

2 

mV  MAX 

Input  Offset  Current 

'os 

'in'  +  '-'in'-i 
RL=  5.1k!! 
VQ=  1.4V 

25 

nA  MAX 

Input  Bias  Current 

Id 

l,Nl+)or 
l|NH,  i Note  1| 

too 

nA  MAX 

Voltage  Gain 

Av 

RL  -  15M1.  V+  «  15V.  iNole3 

50 

V/mV  MIN 

Input  Voltage  Range 

CMVR 

Notes  2.  3| 

V+-1.5 

V  MAX 

Common-Mode  Rejection  Ratio 

CMHR 

(Note  4) 

605 

dB  MIN 

Power  Supply  Rejection  Ratio 

PSRR 

V+  =  5V  to  i  18V 

60.5 

dB  MIN 

Saturation  Voltage 

Vol 

V,Nl-l>1V.  V,N:+)  =  0. 
'sink-  4mA 

400 

mV  MAX 

Output  Sink  Current 

'sink 

VIN|-|>1V. 

V,Nl  +  l  =  0,  VD<  1.5V 

6 

mA  MIN 

Output  Leakage  Current 

'leak 

V,Ni  +  i  £  IV. 

V,N  -|  =  0,  VQ  =  30V 

500 

nA  MAX 

Supply  Current 

1  + 

RL  "  ™.  All  Comps 
V+  =  30V 

2 

mA  MAX 

NOTES: 

Electrical  tests  are  perlormed  at  wafer  probe  to  the  limits  shown  Due  to  variations  in  assembly  meihods  and  normal  yield  loss,  yield  alter  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  tot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  V+  =  +5V.  unless  otherwise  noted. 


PARAMETER 


Large-Signal  Response  Time 


CONDITIONS 


PM-139N 

TYPICAL 


V,w  -  TTL  Logic  Swing 
VnEF     1.4V.  Note5 
VHL  •-  5V.  RL  *  5.1  kil 


Small-Signal  Response  Time 


V,N    lOOmVStep.  Note  5 

5mV  Overdrive 

VRL  =  5V,  RL  -  5.1k(l 


NOTES: 

1.  At  output  switch  point.  V0    1.4V.  Rs    01!  with  V -i  from  5V:  and  over  ihe 
full  input  common-mode  range  0V  to  V^  -  1.5V  . 

2.  The  input  common-mode  voltage  or  either  input  signal  voltage  should  not 
be  allowed  to  go  negative  by  more  than  0.3V.  The  upper  end  of  ihe 


common-mode  voltage  range  is  V-t-  - 
to  -i  30V  without  damage 
Guaranteed  by  design 
RL  >  15M!  VCM  -  1.5V  to  13.5V.  V-  = 
Sample  tested. 


15V.  but  either  or  both  inputs  can  go 
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PM-139/PM-139A  QUAD  LOW  POWER  VOLTAGE  COMPARATORS 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


OFFSET  VOLTAGE 
vs  TEMPERATURE 


-60  -40  -20     0     20    40    60    60   100  120  HO 
TEMPERATURE  CO 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


-75    -50    -25      0       25     50      75     100  125 
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INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


i — r- 

V*  -  *5V 
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SATURATION  VOLTAGE 
VS  TEMPERATURE 
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'•IN 

RESPONSE  TIME  FOR 
VARIOUS  INPUT  OVERDRIVES  • 
POSITIVE  TRANSITION 
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PM-139/PM-139A  QUAD  LOW  POWER  VOLTAGE  COMPARATORS 


TYPICAL  APPLICATIONS 


ONE-SHOT  MULTIVIBRATOR  WITH  INPUT  LOCK-OUT 


-fE 


jlOOpF  L 

i  i" 

— VA  


TOMn 

-vw- 


ONE-SHOT  MULTIVIBRATOR 


BURN-IN  CIRCUIT 


=<J=T 


1  12 

as  <  3-6 


1»3CV  TO 
ADJACENT 

SOCKETS  MCL-STD-SK,  METHOD  1015,  CONDITION  B 
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"■Indicates  new  product  or  product  whose  data  sheet  has  been  finalized  since  the  1986  data  book. 
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MATCHED  DUAL  NPN  TYPES 

Parameter  Comparison  Table  (lc  =  10/xA)  for  MAT-02 


BVceo 

Vos 

TCVbs 

•os 

TCIos 

Product 

Min 

Max 

Max 

Max 

Max 

(V) 

(mV) 

(mV/°C) 

Min 

(nA) 

(PA/°C) 

MAT-02A/E** 

40 

0.05 

0.3 

400 

05 

on 

MAT-02B/F" 

40 

0.15 

1 

300 

1.3 

LM194 

40 

0.05 

0.3 

300 

0.7 

LM394 

40 

0.15 

1 

200 

2.0 

MAT-01  AH 

45 

0.1 

0.5 

500 

0.6 

90 

MAT-01GH 

45 

0.5 

1.8 

250 

3.2 

150 

LM114A 

45 

0.5 

2.0 

500 

2.0 

LM114 

45 

2.0 

10 

250 

10 

LM115A 

60 

0.5 

2.0 

250 

2.0 

— 

LM115 

60 

2.0 

10 

250 

10 

AD810* 

35 

3.0 

15 

100 

2.0 

600 

AD811* 

45 

1.5 

7.5 

200 

10 

300 

AD812* 

35 

1.0 

5.0 

400 

2.5 

300 

AD813* 

45 

0.5 

2.5 

200 

5 

300 

AD818* 

20 

1.0 

5.0 

200 

10 

300 

'Discontinued 

"Temperature  range  for  A-grade  and  B-grade  is  -55°C  to  +125°C;  temperature  range  for  E-grade  and  F-grade 
is-25°Cto+85<,C. 


Parameter  Comparison  Table  (lc  =  10/iA)  for  MAT-01  to  2N-Types 


BVceo 

Vos 

TCVos 

%hFE 

'os 

TCIos 

Min 

Max 

Max 

Match 

Max 

Max 

Product 

(V) 

(mV) 

(MV/'C) 

Min 

Max 

(nA) 

(PA/°C) 

MAT-01  GH 

45 

0.5 

1.8 

250 

8 

3.2 

150 

2N2639 

45 

5.0 

10 

50 

10 

20 

1000 

2N2640 

45 

10 

20 

50 

20 

40 

2000 

2N2642 

45 

5.0 

10 

100 

10 

10 

500 

2N2643 

45 

10 

20 

100 

20 

20 

375 

2N2915 

45 

3.0 

10 

60 

10 

17 

600 

2N2915A 

45 

2.0 

5.0 

60 

15 

26 

900 

2N2916 

45 

5.0 

10 

150 

10 

7 

N.C. 

2N2916A 

45 

2.0 

5.0 

150 

15 

10 

300 

2N2917 

45 

10 

20 

60 

20 

17 

1450 

2N2918 

45 

5.0 

20 

150 

20 

7 

750 

2N2919 

60 

3.0 

10 

60 

10 

17 

600 

2N2919A 

60 

1.5 

5.0 

60 

10 

17 

600 

2N2920 

60 

3.0 

10 

150 

10 

7 

N.C. 

2N2920A 

60 

1.5 

5.0 

150 

10 

7 

300 

2N2060 

60 

5.0 

10 

25 

10 

40 

N.C. 

2N2060A 

60 

3.0 

5.0 

25 

10 

40 

N.C. 

2N2060B 

60 

1.5 

5.0 

25 

10 

40 

N.C. 

NOTES: 

1.  TCIos  Max  and  'os  Max  calculated  from  published  data. 

2.  N.C.  =  Insufficient  published  data  to  calculate. 

3.  All  of  above  are  physically  interchangeable  pin-for-pin  with  MAT-01  and  MAT-02  series. 
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INTRODUCiiok. 

Monolithic  dual  and  quad  transistor  arrays 
feature  inherently  close  matching  of  electrical 
parameters  and  very  low  thermal  differentials.  In 
addition,  PMI  arrays  are  specifically  designed 
for  low  offset  voltage,  low  offset  voltage  drift, 
low  noise,  and  high  gain,  specified  over  a  wide 
range  of  collector  currents.  Monolithic  duals  are 
optimized  for  amplifier  input  use  and  provide  the 
best  possible  input  stage  performance.  The  dual 
and  quad  transistors  are  excellent  for  use  in 
high-performance  audio  systems,  high-gain 
instrumentation  amplifiers,  and  precision  current 
mirrors.  PMI  offers  both  NPN  and  PNP  type 
matched  transistors. 

Both  the  dual  and  quad  transistors  are  also 
designed,  for  minimal  base-to-emitter  resistance 
which  makes  log  conformity  excellent.  For  an 
ideal  transistor,  the  base-to-emitter  voltage  is 
equal  to  (kT/q)  In  (lc/lsl-  An  added  term,  lc  tbe. 
causes  departure  from  this  idealized  logarithmic 
relationship.  The  NPN  MAT-02  and  MAT-04  and 
PNP  MAT-03  have  very  low  rgE  over  a  wide 
range  of  collector  current.  Circuits  for  squaring, 
RMS-to-DC  conversion,  and  logarithmic 
amplification  can  be  accurately  implemented 
through  use  of  these  low-reE  products.  The 
MAT-03  advance  data  sheet  is  shown  in  this 
section. 

The  well-defined  relationship  between  Vbe  and 
collector  current  can  also  be  used  for  temper- 
ature sensing  or  for  generating  bandgap- 
reference  voltages.  The  low  noise,  low  offsets, 
and  high  gain  combined  with  a  wide  operating 
range  for  collector  current  make  these  mono- 
lithic arrays  very  useful  for  a  diverse  range  of 
applications. 

DEFINITIONS 

Average  Offset  Current  Drift  (TCIos)  —  The 

ratio  of  the  change  in  los  to  the  change  in  tem- 
perature producing  it. 

Average  Offset  Voltage  Drift  (TCV0s)  —  The  ratio 
of  the  change  in  Vos  to  the  change  in  temper- 
ature producing  it. 


mSI 


current. 


Broadband  Noise  Voltage  (enRMs)  —  The  root- 
mean-square  noise  voltage  referred  to  the  input 
over  a  specified  bandwidth  at  a  specified  collector 
voltage  and  current. 

Current  Gain  Match  (AhpE)  —  The  difference  in 
hpE  between  the  transistors  at  a  specified  voltage 
and  current,  expressed  as  a  percentage  of  the 
higher  of  the  two  hpE's. 

/1_^\xioo 

\         nFE2 / 

Excess  Emitter  Resistance  (rBE)  —  The  effective 
resistance  between  the  base  and  emitter 
terminals  of  each  transistor. 

Noise  Voltage  (enp-p)  —  The  peak-to-peak  noise 
voltage  referred  to  the  input  over  a  specified 
bandwidth  at  a  specified  collector  voltage  and 
current. 

Noise  Voltage  Density  (en)  —  The  rms  noise 
voltage  referred  to  the  input  in  a  1  Hz  band 
surrounding  a  specified  frequency,  measured  at 
a  specified  collector  voltage  and  current. 

Offset  Current  (los)  —  The  difference  between 
the  base  currents  at  a  specified  collector  voltage 
and  current. 

Offset  Current  Change  (^Ios/^Vcb)  —  The  ratio 
of  the  change  in  offset  current  to  the  change  in 
collector-base  voltage  producing  it. 

Offset  Voltage  (Vos)  —  The  difference  between 
the  base-emitter  voltages  (Vbei-Vbe2I  at  a 
specified  collector  voltage  and  current. 
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INTRODUCTION 

Monolithic  dual  and  quad  transistor  arrays 
feature  inherently  close  matching  of  electrical 
parameters  and  very  low  thermal  differentials.  In 
addition,  PMI  arrays  are  specifically  designed 
for  low  offset  voltage,  low  offset  voltage  drift, 
low  noise,  and  high  gain,  specified  over  a  wide 
range  of  collector  currents.  Monolithic  duals  are 
optimized  for  amplifier  input  use  and  provide  the 
best  possible  input  stage  performance.  The  dual 
and  quad  transistors  are  excellent  for  use  in 
high-performance  audio  systems,  high-gain 
instrumentation  amplifiers,  and  precision  current 
mirrors.  PMI  offers  both  NPN  and  PNP  type 
matched  transistors. 

Both  the  dual  and  quad  transistors  are  also 
designed  for  minimal  base-to-emitter  resistance 
which  makes  log  conformity  excellent.  For  an 
ideal  transistor,  the  base-to-emitter  voltage  is 
equal  to  (kT/q)  In  (lc/ls)-  An  added  term,  lc  tbe. 
causes  departure  from  this  idealized  logarithmic 
relationship.  The  NPN  MAT-02  and  MAT-04  and 
PNP  MAT-03  have  very  low  tbe  over  a  wide 
range  of  collector  current.  Circuits  for  squaring, 
RMS-to-DC  conversion,  and  logarithmic 
amplification  can  be  accurately  implemented 
through  use  of  these  low-rBE  products.  The 
MAT-03  advance  data  sheet  is  shown  in  this 
section. 

The  well-defined  relationship  between  Vbe  and 
collector  current  can  also  be  used  for  temper- 
ature sensing  or  for  generating  bandgap- 
reference  voltages.  The  low  noise,  low  offsets, 
and  high  gain  combined  with  a  wide  operating 
range  for  collector  current  make  these  mono- 
lithic arrays  very  useful  for  a  diverse  range  of 
applications. 

DEFINITIONS 

Average  Offset  Current  Drift  (TCIos)  —  The 

ratio  of  the  change  in  los  t0  the  change  in  tem- 
perature producing  it. 

Average  Offset  Voltage  Drift  (TCVos)  —  The  ratio 
of  the  change  in  Vos  to  the  change  in  temper- 
ature producing  it. 


X  100 


Bias  Current  (Ib)  —  The  average  of  the  base 
currents  at  a  specified  collector  voltage  and 
current. 

Broadband  Noise  Voltage  (enRMs)  —  The  root- 
mean-square  noise  voltage  referred  to  the  input 
over  a  specified  bandwidth  at  a  specified  collector 
voltage  and  current. 

Current  Gain  Match  (AhpE)  —  The  difference  in 
hpE  between  the  transistors  at  a  specified  voltage 
and  current,  expressed  as  a  percentage  of  the 
higher  of  the  two  Iife's. 

Excess  Emitter  Resistance  (/be)  —  The  effective 
resistance  between  the  base  and  emitter 
terminals  of  each  transistor. 

Noise  Voltage  (enp-p)  —  The  peak-to-peak  noise 
voltage  referred  to  the  input  over  a  specified 
bandwidth  at  a  specified  collector  voltage  and 
current. 

Noise  Voltage  Density  (e„)  —  The  rms  noise 
voltage  referred  to  the  input  in  a  1  Hz  band 
surrounding  a  specified  frequency,  measured  at 
a  specified  collector  voltage  and  current. 

Offset  Current  (los)  —  The  difference  between 
the  base  currents  at  a  specified  collector  voltage 
and  current. 

Offset  Current  Change  (AIos/^Vcb)  —  The  ratio 
of  the  change  in  offset  current  to  the  change  in 
collector-base  voltage  producing  it. 

Offset  Voltage  (Vos)  —  The  difference  between 
the  base-emitter  voltages  (VbetVbe2)  at  a 
specified  collector  voltage  and  current. 
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MATCHED  DUAL  NPN  TYPES 

Parameter  Comparison  Table  (lc  =  10juA)  for  MAT-02 


BVcEO 

Vos 

■OS 

Min 

Maw 

Max 

Uav 

Max 

"FE 

Maw 

max 

|lav 
MaX 

Product 

(v) 

(mv) 

Min 

(nAj 

(PA/  C) 

MAT-02A/E" 

40 

0.05 

0.3 

400 

0.5 

SO 

MAT-02B/F" 

40 

0.15 

1 

300 

1.3 

150 

LM194 

40 

0.05 

0.3 

300 

0.7 

N.C. 

LM394 

40 

0.15 

1 

200 

2.0 

N.C. 

MAT-01AH 

45 

0.1 

0.5 

500 

0.6 

90 

MAT-01GH 

45 

0.5 

1.8 

250 

3.2 

150 

LM114A 

45 

0.5 

2.0 

500 

2.0 

LM114 

45 

2.0 

10 

250 

10 

LM115A 

60 

0.5 

2.0 

250 

2.0 

LM115 

60 

2.0 

10 

250 

10 

AD810* 

35 

3.0 

15 

100 

2.0 

600 

AD811* 

45 

1.5 

7.5 

200 

10 

300 

AD812* 

35 

1.0 

5.0 

400 

2.5 

300 

AD813* 

45 

0.5 

2.5 

200 

5 

300 

AD818* 

20 

1.0 

5.0 

200 

10 

300 

'Discontinued 

"Temperature  range  for  A-grade  and  B-grade  is  -55°C  to  +125°C;  temperature  range  for  E-grade  and  F-grade 
is-25°Cto+85°C. 


Parameter  Comparison  Table  (lc  =  10/aA)  for  MAT-01  to  2N-Types 


BVceo 

Vos 

TCVos 

o/ottFE 

los 

TCIos 

Min 

Max 

Max 

hFE 

Match 

Max 

Max 

Product 

(V) 

(mV) 

(mV/°C) 

Min 

Max 

(nA) 

(PA/°C) 

MAT-01  GH 

45 

0.5 

1.8 

250 

8 

3.2 

150 

2N2639 

45 

5.0 

10 

50 

10 

20 

1000 

2N2640 

45 

10 

20 

50 

20 

40 

2000 

2N2642 

45 

5.0 

10 

100 

10 

10 

500 

2N2643 

45 

10 

20 

100 

20 

20 

375 

2N2915 

45 

3.0 

10 

60 

10 

17 

600 

2N2915A 

45 

2.0 

5.0 

60 

15 

26 

900 

2N2916 

45 

5.0 

10 

150 

10 

7 

N.C. 

2N2916A 

45 

2.0 

5.0 

150 

15 

10 

300 

2N2917 

45 

10 

20 

60 

20 

17 

7450 

2N2918 

45 

5.0 

20 

150 

20 

7 

750 

2N2919 

60 

3.0 

10 

60 

10 

17 

600 

2N2919A 

60 

1.5 

5.0 

60 

10 

17 

600 

2N2920 

60 

3.0 

10 

150 

10 

7  ■ 

N.C. 

2N2920A 

60 

1.5 

5.0 

150 

10 

7 

300 

2N2060 

60 

5.0 

10 

25 

10 

40 

N.C. 

2N2060A 

60 

3.0 

5.0 

25 

10 

40 

N.C. 

2N2060B 

60 

1.5 

5.0 

25 

10 

40 

N.C. 

NOTES: 

1.  TCIos  Max  and  'os  Max  calculated  from  published  data. 

2.  N.C.  =  Insufficient  published  data  to  calculate. 

3.  Ail  of  above  are  physically  interchangeable  pin-for-pin  with  MAT-01  and  MAT-02  series. 
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PMi)  MAT- 01 

MATCHED  MONOLITHIC 
DUAL  TRANSISTOR 


Precision  Monolithics  Inc. 


FEATURES 

•  Low  V08(Vbe  Match)   40pVTyp 

100MV  Max 

•  LowTCVos  0.5j«V/°CMax 

•  High  hre    500  Min 

•  Excellent  hFe  Linearity  from  10nA  to  10mA 

•  Low  Notse  Voltage    0.23^Vp^,-0.1Hzto10Hz 

•  High  Breakdown   45V  Mln 

ORDERING  INFORMATIONf 


TA=ZS»C 

OPERATING 

Vos  MAX 

TEMPERATURE 

(mV) 

PACKAGE 

RANGE 

0.1 

MAT01AH* 

MIL 

0.5 

MAT01GH* 

MIL 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  after 

part  number.  Consult  factory  for  863  data  sheet, 
t Bum-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip.  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1888 

Data  Book,  Section  2. 


GENERAL  DESCRIPTION 

The  MAT-01  is  a  monolithic  dual  NPN  transistor.  An  exclu- 
sive Silicon  Nitride  "Triple-Passivation"  process  provides 
excellent  stability  of  critical  parameters  over  both  tempera- 
ture and  time.  Matching  characteristics  include  offset  voltage 
of  40>V,  temperature  drift  of  0.15/tV/0  C,  and  hFe  matching  of 
0.7%.  Very  high  hFe  is  provided  over  a  six  decade  range  of 
collector  current,  including  an  exceptional  hFe  of  590  at  a 
collector  current  of  only  10nA.  The  high  gain  at  low  collector 
current  makes  the  MAT-01  ideal  for  use  in  low-power, 
low-level  input  stages. 


PIN  CONNECTIONS 


TO-78 
(H-Sufflx) 


NOTE: 

Substrate  is  connected  to  case. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  4) 

Collector-Base  Voltage  (BVCbo) 

MAT-01  AH,  GH,  N    45V 

Collector-Emitter  Voltage  (BVCE0) 

MAT-01  AH,  GH,  N    45V 

Collector-Collector  Voltage  (BVCC) 

MAT-01  AH,  GH,  N    45V 

Emitter-Emitter  Voltage  (BVEE) 

MAT-01  AH,  GH,  N    45V 

Emitter-Base  Voltage  (BVEB0)  (Note  1 )  5V 

Collector  Current  (lc)  25mA 

Emitter  Current  (lE)  25mA 

Total  Power  Dissipation 

Case  Temperatures  40° C  (Note  2)    1.8W 

Ambient  Temperature  <70°C  (Note  3)    500mW 

Operating  Ambient  Temperature   -55°  C  to  +125"C 

Operating  Junction  Temperature    -55oCto  +  150°C 

Storage  Temperature    -65°Cto+150°C 

Lead  Temperature  (Soldering,  60  sec)   300° C 

DICE  Junction  Temperature   ^"Cto  +  ISCC 

NOTES: 

1 .  Application  of  reverse  bias  voltages  in  excess  of  rating  shown  can  result  in 
degradation  of  hFg  and  hFE  matching  characteristics.  Do  not  attempt  to 
measure  BVEB0  greater  than  the  SV  rating  shown. 

2.  Rating  applies  to  applications  using  heat  sinking  to  control  case  tempera- 
lure.  Derate  linearly  at  l6.4mW/°Ctor  case  temperatures  above  40°C. 

3.  Rating  applies  toapplicatlonsnot  using  heatslnklng;device  In  Ireeaironly. 
Derate  linearly  at  6.3mW/°  C  lor  ambient  temperatures  above  70°  C. 

4.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  devices. 


BURN-IN  CIRCUIT 
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MAT-01  MATCHED  MONOLITHIC  DUAL  TRANSISTOR 


ELECTRICAL  CHARACTERISTICS  at  VCB=  15V,  lc=  10jiA,  TA=  25°  C.  unless  otherwise  noted. 


MAT-01  AH 

MAT-01  QH 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Breakdown  Voltage 

BVCEO 

lc=  100j>A 

45 

45 

V 

Olfset  Voltage 

vos 

0.04 

0.1 

0.10 

0.5 

mV 

uiibbi  vonage  siBDiiity 

First  Month 

Vos/Time 

(Note  1) 

2.0 

2.0 

>iV/Mo 

Long-Term 

(Note  2) 

- 

0.2 

- 

- 

0.2 

- 

Offset  Current 

los 

0.1 

0.6 

02 

32 

nA 

Bias  Current 

>D 

— 

13 

20 

— 

18 

40 

nA 

lc=10nA 

590 

— 

430 

Current  Gain 

nre 

lcD  10jiA 

500 

770 

250 

560 

_ 

lc=10mA 

— 

840 

— 

610 

— 

Current  Gain  Match 

AhFE 

lc=  10pA 

luunA  s  lc  S  10mA 

- 

0.7 
0.8 

3  0 

- 

1.0 
1.2 

8.0 

% 

Low  Frequency  Noise 
Voltage 

enp-P 

0.1Hzto10Hz(Noto3) 

— 

0.23 

0.4 



— 

0.23 

 — 

0.4 

<*i„ 

Broadband  Noise 
Voltage 

enRMS 

1Hz  to  10kHz 

— 

0.60 

— 

— 

0.60 

— 

cVruS 

Noise  Voltage 
Density 

fo=10H2(Note3) 
l0  =  100Hz  (Note  3) 

- 

7.0 
8.1 

9.0 
7.6 

- 

7.0 
6.1 

9.0 
7.6 

nV/x/TiT 

f0  =  1000Hz  (Note  3) 

6.0 

7.5 

6.0 

7.5 

Offset  Voltage  Change 

AVos/AVcb 

0£VCB£30V 

 °A_ 

3  0 

— SLL_ 

 i°_ 

liV/V 

Offset  Current  Change 

OS  VCB<30V 

2 

15 

3 

70 

pA/V 

Collector-Base 
Leakage  Current 

'ceo 

VCb  °  30V,  lE  =  0 
(Note  4) 

- 

15 

50 

— 

25 

200 

pA 

Collector-Emitter 
Leakage  Current 

'c£S 

VCE  =  30V.VBE  =  0 
(Notes  4, 6) 

_ 

50 

200 

90 

400 

pA 

Collector-Collector 
Leakage  Current 

'cc 

VCC  =  30V,  (Note  61 

20 

200 

30 

400 

PA 

Collector  Saturation 

VCE|SAT| 

lBD  0.1mA,  lc  =  1mA 

0.12 

0.20 

0.12 

0.25 

Voltage 

lB  =  1mA.  Ic=  10mA 

0.8 

0.6 

V 

Gain-Bandwidth  Product 

't 

VCE  =  10V.  Ic=  10mA 

450 

450 

MHz 

Output  Capacitance 

cob 

VCB  =  15V.IE  =  0 

2.6 

2.6 

pF 

Collector-Collector 
Capacitance 

Ccc 

Vcc  =  0 

8.5 

8.5 

pF 

ELECTRICAL  CHARACTERISTICS  at  VCB  =  15V,  lc  =  10/iA,  -55°  C  <  TA  < + 125°  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MAT-01AH 

MIN      TYP  MAX 

MAT-01  GH 

MIN      TYP  MAX 

UNITS 

Offset  Voltage 

Vos 

0.06 

0.15 

0.14 

0.70 

mV 

Average  Offset 
Voltage  Drift 

TCVos 

(Note  71 

0.15 

0.50 

0.35 

1.8 

(1WC 

Offset  Current 

los 

0.9 

8.0 

1.5 

15.0 

nA 

Average  Offset 
Current  Drift 

TCIqs 

(Note  5) 

10 

90 

15 

150 

pA/"C 

Bias  Current 

'b 

28 

60 

36 

130 

nA 

Current  Gain 

"FE 

167 

400 

77 

300 

Collector-Base 
Leakage  Current 

'ceo 

TA=125"C,  VCB"30V. 
lE°0(Note4| 

15 

SO 

25 

200 

nA 

Collector-Emitter 
Leakage  Current 

'cES 

TA=125'C,  VCE  =  30V. 
VBE  =  0(Notea4. 6) 

50 

300 

90 

400 

nA 

Collector-Collector 
Leakage  Current 

'cc 

TA  =  125°  C.  Vcc  a  30V 
(Note  6) 

30 

200 

SO 

400 

nA 
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MAT-01  MATCHED  MONOLITHIC  DUAL  TRANSISTOR 

MAT-01  TEST  CIRCUITS 

MAT-01  MATCHING  MEASUREMENT  CIRCUIT 

•  165V  >15.5V 


MAT-01  NOISE  MEASUREMENT  CIRCUIT 


-15V 


TEST 

SIA 

SIb  S2 

s3 

REAOING 

Noise  Voltage  Density 
(Per  Transistor) 

X 

X  X 

A 

V0i/\/2 

Noise  Current  Density 
(Per  Transistor) 

o 

O  X 

A 

Voi/(\/2X4Mn) 

Low  Frequency  Noise 
(Referred  to  Input) 

X 

X  0 

B 

V02  PEAK-TO-PEAK 
25,000 
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MAT-01  MATCHED  MONOLITHIC  DUAL  TRANSISTOR 


APPLICATION  NOTES 

Application  of  reverse  bias  voltages  to  the  emitter-base 
junctions  in  excess  of  ratings  (5V)  may  result  in  degradation 
of  hpE  and  hFE  matching  characteristics.  Circuit  designs 
should  be  checked  to  ensure  that  reverse  bias  voltages  above 
5V  cannot  be  applied  during  such  transient  conditions  as  at 
circuit  turn-on  and  turn-off. 

Stray  thermoelectric  voltages  generated  by  dissimilar  metals 
at  the  contacts  to  the  input  terminals  can  prevent  realization 
of  the  predicted  drift  performance.  Both  input  terminals 
should  be  maintained  at  the  same  temperature,  preferably 
close  to  the  temperature  of  the  device's  package. 

TYPICAL  APPLICATIONS 
PRECISION  REFERENCE 


PRECISION  OPERATIONAL  AMPLIFIERS 


VBEF-7.0V 
TCVpgp  -  T0ppm/*C 
Ro-40n 

R|  MAY  BE  ADJUSTED  TO  MINIMIZE  TCVREF.  INCREASING  R,  WILL 
CAUSE  A  POSITIVE  CHANGE  IN  TCVREF. 

NOTE:  hFEOFQ1  WILL  BE  REDUCED  BY  OPERATION  OF  BREAKDOWN 
MODE. 


►  Ri- 


ce 

HI- 


I  -MATCH  TO  0.1% 

-1SV       "SEE  TABLE  FOR  SPEC,FIC  DEVICE  TYI>E 

THIS  CONFIGURATION  CAN  ALSO  BE  USED  WITH  THE  LOW  POWER 
OP-21  OR  MICROPOWER  OP-22  TO  ACHIEVE  A  LOW  NOISE  AND  LOW 
POWER  PRECISION  OP-AMP. 


MAT-01AH 
OP-02A 

MAT-01AH 
OP-02A 

MAT-01  GH 
OP-02 

MAT-01OH 
OP-02 

Vos 

Maximum 

0.15mV 

0.27mV 

0.65mV 

1.2mV 

TCV05 
Maximum 

asiiv/'c 

2».WC 

4pW*C 

'OS 

Maximum 

O.SnA 

0.1nA 

3.2nA 

0.32nA 

>B 

Maximum 

20nA 

2nA 

40nA 

4nA 

Gain 
Minimum 

2,000,000 

2.000.000 

800.000 

800.000 

's 

20pA 

2(iA 

20/iA 

2|iA 

Rl 

iookn 

1MH 

lOOkO 

1M(1 

BASIC  DIGITAL  THERMOMETER  READOUT  IN 
DEGREES  KELVIN  (°K) 


WTO 
100  FT. 
CABLE 


SENSING 

PAIR 

MAT-01H 


'C        *K  Eo 
-66*  C  -  2I8*K  -  2.18V 
+26'C  •  238*K  -  2.58V 
*12S*C-298"K- 3.93V 


DIFFERENTIAL 
AMPLIFIER  AND 
CURRENT 
SOURCES 


3-0!GIT  DPM 
0  TO  *T0  VOLTS 
FULL  SCALE 


DIGITAL  THERMOMETER  WITH  READOUT  IN  °C 


SENSING 
PAIR 
MAT-Ol  H 


UP  TO 
100  FT. 
CABLE 

•S  7*\ 


2.73  VOLTS 

POWER 

SUPPLY 


METER  DISPLAYS 
EO  -2.73V 


-±  -65"  C  ■  -0.55V 
♦25=  C  -  *0.2SV 
♦  I25"C  -  ♦  1.26V 


DIFFERENTIAL 
AMPLIFIER  AND 
CURRENT 
SOURCES 


HIGH 

2-1/2  DIGIT 

DPM  BIPOLAR 

LOW 

DIFFERENTIAL 

INPUTS 
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Precision  Monolith  ics  Inc. 


MAT- 02 


LOW-NOISE,  MATCHED 
DUAL  MONOLITHIC  TRANSISTOR 


FEATURES 

•  Low  Offset  Voltage  50<iV  Max 

•  Low  Noise  Voltage  at  100Hz,  1mA  ...  IdnVA/Hz  Max 

•  High  Gain  (hFE)   500  Mln  at  lc=  1mA 

  300MInallc=  VA 

•  Excellent  Log  Conformance    rBE=*0.3n 

•  Low  Offset  Voltage  Drift  O.WCMax 

•  Improved  Direct  Replacement  for  LM194/394 


ORDERING  INFORMATIONt 


PIN  CONNECTIONS 


PACKAGE 

TA  =  2S°C 

OPERATING 

Vos  Max 

TO-78 

TEMPERATURE 

(fV) 

6-PIN  LCC 

RANGE 

50 

MAT02AH*  — 

MIL 

SO 

MAT02EH  — 

IND 

150 

MAT02BH*  MAT02BRC/883 

MIL 

150 

MAT02FH  — 

IND 

*  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /683  after 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip.  plasticdip,and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book,  Section  2. 


GENERAL  DESCRIPTION 

The  design  of  the  MAT-02  series  of  NPN  dual  monolithic 
transistors  is  optimized  for  very  low  noise,  low  drift,  and  low 
rBe-  Precision  Monolithics'  exclusive  Silicon  Nitride  "Triple- 
Passivation"  process  stabilizes  the  critical  device  parameters 
over  wide  ranges  of  temperature  and  elapsed  time.  Also,  the 
high  current  gain  (hFE)  of  the  MAT-02  is  maintained  over  a 
wide  range  of  collector  current.  Exceptional  characteristics 
of  the  MAT-02  include  offset  voltage  of  50pV  max  (A/E 
grades)  and  150>iV  max  (B/F  grades).  Device  performance  is 
specified  over  the  full  military  temperature  range  as  well  as 
at25°C. 

Input  protection  diodes  are  provided  across  the  emitter-base 
junctions  to  prevent  degradation  of  the  device  character- 
istics due  to  reverse-biased  emitter  current.  The  substrate  is 
clamped  to  the  most  negative  emitter  by  the  parasitic 
isolation  junction  created  by  the  protection  diodes.  This 
results  in  complete  isolation  between  the  transistors. 

The  MAT-02  should  be  used  in  any  application  where  low 
noise  is  a  priority.  The  MAT-02  can  be  used  as  an  input  stage 
to  make  an  amplifier  with  noise  voltage  of  less  than  1.0nW\/  Hz 
at  100Hz.  Other  applications,  such  as  log/anti-log  circuits, 
may  use  the  excellent  logging  conformity  of  the  MAT-02. 
Typical  bulk  resistance  is  only  0.3ft  to  0.4ft.  The  MAT-02 
electrical  characteristics  approach  those  of  an  ideal  transistor 
when  operated  over  a  collector  current  range  of  1  #iA  to  10mA. 
For  applications  requiring  m  ultiple  devices  see  MAT-04  Quad 
Matched  Transistor  data  sheet. 


TO-78 
(H-Sufflx) 


N.C. 

SUBSTRATE 
N.C. 

B1 
N.C 


a  e 

3  [» 

a  qe 


N.C. 

SUBSTRATE 

N.C. 

02 

N.C. 


MAT-02BRC/883 
20- LEAD  LCC 
(RC-Suffix) 


ij  S  ^  S  <j 


NOTE:  Substrate isconnectedtocaseonTO-78 package. Substrate 
is  normally  connected  to  the  most  negative  circuit  potential, 
but  can  be  floated. 


ABSOLUTE  MAXIMUM  RATINGS  (Note  3) 

Collector-Base  Voltage  (BVcboI    40V 

Collector-Emitter  Voltage  (BVceo)    40V 

Collector-Collector  Voltage  (BVCc)    40V 

Emitter-Emitter  Voltage  (BVEe)    40V 

Collector  Current  dc)  20mA 

Emitter  Current  (lE)  20mA 

Total  Power  Dissipation 

Case  Temperature  <  40°C  (Note  1 )    1.8W 

Ambient  Temperature  <70°C  (Note  2)    500mW 

Operating  Temperature  Range 

MAT-02  A,  B  -55°C  to  +  12S°C 

MAT-02E,  F  -25°C  to  +85°C 

Operating  Junction  Temperature    -55°  C  to  + 150°  C 

Storage  Temperature    -65°  C  to +  150°  C 

Lead  Temperature  (Soldering,  60  sec)   300°C 

DICE  Junction  Temperature   -65°C  to +150°C 

NOTES: 

1.  Ratingappliestoapplications  using  heatsinking  to  control  case  temperature. 
Derate  linearly  at  16.4mW/°  C  lor  case  temperature  above  40"  C. 

2.  Rating  applies  to  applications  not  using  heat  sinking;  device  in  free  aironly. 
Derate  linearly  at  6.3mW/°  C  for  ambient  temperature  above  70"  C. 

3.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  devices. 


00 
Pi 

o 

55 


H 

Q 
m 

X 
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MAT-02  LOW  NOISE,  MATCHED  DUAL  MONOLITHIC  TRANSISTOR 


ELECTRICAL  CHARACTERISTICS  at  VCB  =  15V,  lc  =  10mA,  Ta  =  25°  C.  unless  otherwise  noted. 

MAT-02A/E  MAT-02B/F 

PARAMETER  SYMBOL         CONDITIONS  MIN      TYP     MAX  MIN      TYP     MAX  UNITS 


lc=1mA  (NoteD 

500 

605 

400 

605 

Current  Gain 

lc=100»iA 
lc  =  10/iA 

500 
400 

590 
550 

- 

400 
300 

S90 
550 

- 

300 

485 

200 

495 

Current  Gflin  Match 

AhFE 

lUfln  3      -i  Wirt,  IPIOIO  c( 

0JS 

2 

0JS 

4 

Offset  Voltage 

Vos 

VCB  =  0 

1^iA  £  \q  £  1mA  (Note  7) 

10 

50 

80 

150 

Offset  Voltage 
Change  vs  V^b 

0<  Vcb^Vmax.  (Note  6} 
i  fiA  i  Iq  i  i  ihm  (rjoie  /  f 

10 

25 

to 

50 

cV 

Offset  Voltage  Change 
vs.  Collector  Current 

Mos/±lc 

vCB  =  ov 

1  fiM                1         (nolo  f  ) 

S 

25 

5 

50 

fV 

Offset  Current 
Change  vs  VCB 

•ilos/,WCB 

0<VCB<VMAX 

— 

30 

70 

— 

30 

70 

pA/V 

Bulk  Resistance 

'BE 

10(iA  £  lc  <  10mA  i Note  3) 

— 

0.3 

0.5 

— 

0.3 

0.5 

1) 

Collector-Base 
Leakage  Current 

'ceo 

VCB  =  VU„ 

25 

200 

25 

400 

PA 

Coll  ecto  r-C  ol  I  scto  r 
Leakage  Current 

Ice 

VCc  =  VHAX.(Notes3,  SI 

— 

35 

200 

— 

35 

400 

PA 

Collector-Emitter 
Leakage  Current 

'ces 

VcE  =  VMAx.(Notea3,5) 
VBE  =  0 

35 

200 

35 

400 

dA 

lc  =  1mA.  Vca  =  0,  {Note  4) 

to  =  10Hz 

1.6 

3 

Noise  Voltage  Densfty 

t0  =  100HZ 



0.9 

1 



0.9 

2 

nv/vTiT 

t0=1kH2 

0.65 

1 

0.85 

2 

tQ  =  10kHz 

- 

0.65 

1 

- 

0.85 

2 

Collector  Saturation 
Voltage 

VCEISATI 

lc  =  1mA 
la  =  100|iA 

0.05 

0.1 

0.05 

0.2 

V 

Input  Bias  Current 

Iq 

lc  =  lOpA 

25 

34 

nA 

Input  Offset  Current 

los 

lc  =  -tOfiA 

0.6 

1.3 

nA 

Breakdown  Voltage 

BVceo 

40 

40 

V 

Gain- Bandwidth  Product 

fT 

lc=  10mA.  VCE  =  10V 

200 

200 

MHz 

Output  Capacitance 

VCB=1SV.  IE  =  0 

23 

23 

pF 

Collector-Collector 
Capacitance 

Cc0 

vCc  =  ° 

35 

35 

PF 

NOTES:  3.  Guaranteed  by  design. 

1.  Current  gain  is  guaranteed  with  Collector-Base  Voltage  (VCB)  swept  from  4.  Sample  tested. 

0  to  V^uuj  at  the  indicated  collector  currents.  5.  Icc  and  lCES  are  verified  by  measurement  ol  Icbc- 

2.  Current  Gain  Match  UhFEi  is  defined  as:  6.  This  is  the  maximum  change  in  Vos  as  VCB  is  swept  (rom  OV  to  40V. 

,M  ,  7.  Measuredat  lc=  I0p  A  and  guaranteed  by  design  over  the  specified  range 
100  (AIB,  ihFEmin) 

AhfE  =  r-   01  >c 
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MAT-02  LOW  NOISE,  MATCHED  DUAL  MONOLITHIC  TRANSISTOR 


ELECTRICAL  CHARACTERISTICS  VCB=  15V,  -25" C  <  TA<+85'C,  unless  otherwise  noted. 


MAT-02E 

MAT-02F 

CONDITIONS 

MIN 

TYP  I 

MAX 

MIN 

TYP 

MAX 

UNITS 

Offset  Voltage 

Vos 

VCB  u 

1pA<  lc<  1mA  (Note  5) 

— 

70 

" 

220 

„V 

Average  Offset 

TCV0S 

10/iA  <  lc  <  1  m A,  0  <  VCB <  VMAX,  (Note  1 ) 

- 

0  03 

0.3 

- 

0.08 

1 

„v/°c 

Voftage  Drift 

W       Tij I j l lj il.il-  1  Ia  7Arn    1 KlfktA  1  \ 

*OS  I  rirnrnoo  10  *.ero,  (woie  jj 

0.03 

0.1 

0.03 

0.3 

Input  Offset  Current 

'os 

lc  =  10>iA 

a 

13 

nA 

Input  Offset 
Current  Drift 

TCIrvs 
' v  OS 

lc  =  10jiA,  (Note  4) 

40 

90 

40 

150 

pA/°C 

Input  Bias  Current 

'b 

IC=10(|A 

_ 

45 

- 

so 

nA 

lc=  1mA,  (Nolo  2) 

325 

300 

— 

— 

Current  Cain 

lc  =  100»iA 
lc  =  10pA 

275 
225 



_ 

250 
200 

Ic=1mA 

200 

150 

Collector-Base 
Leakage  Current 

'coo 

VCB  =  Vmax 

2 

3 

nA 

Collector-Emitter 
Leakage  Current 

'CES 

VCE=V„AX.VBE=0 

3 

4 

nA 

Collector-Collector 
Leakage  Current 

Ice 

VCC=  VMAX 

3 

4 

nA 

ELECTRICAL  CHARACTERISTICS  VCB=  15V,  -55°C  <  TA<  +  125°C,  unless  otherwise  noted. 


MAT-02A 

MAT-02B 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

OHset  Voltage 

Vos 

vCB  =  o 

1|iA<  lc£  1mA  I  Note  5 1 

80 

250 

Average  Offset 

TCV0S 

10^A<  lc<  1mA,  0<  Vca<  VHAX,  (Note  1) 

0.0B 

0.3 

O.OB 

1 

»iV/oc 

Voltage  Drift 

V0s  Trimmed  to  Zero.  (Note  3) 

0.03 

0.1 

0.03 

0.3 

Input  Offset  Current 

'os 

lc  =  10»iA 

9 

15 

nA 

Input  Offset 
Current  Drift 

TCIos 

lc  =  IOjiA.  (Note  41 

40 

90 

40 

150 

pA/°C 

Input  Bias  Current 

la 

lc  = tOpA 

60 

70 

nA 

lc    1mA,  (Note  2) 

275 

250 

Current  Gain 

"fe 

lc=  100  ^A 
lc  = 10(iA 

225 
175 

200 
150 

lc=1dA 

150 

100 

Coltector-Base 
Leakage  Current 

'CBO 

VCB  =  V„ax 
TA  = 125»C 

15 

25 

nA 

Collector-Emitter 
Leakage  Current 

'c£S 

Vce  =  VMAx.Vbe  =  0 
TA  =  125-C 

50 

50 

nA 

Collector-Collector 
Leakage  Current 

•cc 

Vcc-Vmax 
TA=  125"  C 

30 

40 

nA 

for  Vos  <  VBE)  T  =  298k  lor 


NOTES: 

T.    Guaranteed  by  Vos  test  (TCVos  • 
TA  =  25°C 

2.  Current  gain  is  guaranteed  with  Collector-Base  Voltage  <  Vca;.  swept  from 
0  to  VMAX  at  the  indicated  collector  current. 

3.  The  initial  zero  offset  voltage  is  established  by  adjusting  the  ratio  of  lct  to 
'c2  at  TA  =  25°C.  This  ratio  must  be  held  to  0.003%  over  the  entire 
temperature  range.  Measurements  are  taken  at  the  temperature  extremes 
and  25°C. 

4.  Guaranteed  by  design. 

5.  Measured  at  lc=  10/iA  and  guaranteed  by  design  over  the  specified  range 
oflc 
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MAT-02  LOW  NOISE,  MATCHED  DUAL  MONOLITHIC  TRANSISTOR 


DICE  CHARACTERISTICS 


DIE  SIZE  0.061  X  0.057  Inch,  3,477  sq.  mils 
(1.549  X  1.448  mm,  224  sq.  mm) 


1.  COLLECTOR  1 

2.  BASE  1 

3.  EMITTER  1 

4.  COLLECTOR  2 

5.  BASE  2 

6.  EMITTER  2 

7.  SUBSTRATE 


For  additional  DICE  ordering  Information,  refer 
to  1888  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  25°C  for  VCB  =  15V  and  lc  =  10uA,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MAT-02N 
LIMITS 

UNITS 

Breakdown  Voltage 

BVceo 

40 

VMIN 

Offset  Voltage 

Vos 

10<iA£lcS1mA<Note1> 

ISO 

jiVMAX 

Input  Olfset  Current 

■os 

1.2 

nAMAX 

Input  Bias  Current 

<B 

VC8=0V 

34 

nAMAX 

Current  Gain 

"fe 

lc=1mA,Vca  =  0V 
ic=10|»A,  Vcb-OV 

400 
300 

MIN 

Current  Gain  Match 

lO^SIcSlmA.VcasOV 

4 

%  MAX 

Offset  Voltage 
Change  vs  Vc8 

AV0S/AVCB 

OVSVcbSMV 
10(iA<lc<  1mA  (Note  1| 

SO 

jiVMAX 

Offset  Voltage  Change 
vs.  Collector  Current 

AVos/^lc 

vcb  =  0 

10|iA<lc<1mA(Note1) 

50 

(iVMAX 

Bulk  Resistance 

'BE 

100<iA<lc<TOmA 

0.5 

n  MAX 

Collector  Saturation 
Voltage 

VCE|SAT| 

lc  *= 1mA 
lB=  lOOtiA 

0.2 

VMAX 

1 .  Measured  at  lc=  10jiA  and  guaranteed  by  design  over  the  specified  range 
oflc. 

Electrical  tests  are  performed  at  water  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  ssmple  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  VCB  =  15V.  Ic  =  10/xA,  TA  =  25" C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MAT-02N 
TYPICAL 

UNITS 

Average  Offset 
voltage  Drift 

TCV0S 

10jiA<  lc<  1mA 

OSVcbSVmax 

o.oa 

tiWC 

Average  Offset 
Current  Drift 

TCIos 

lC=10«A 

40 

pATC 

Gain- Bandwidth 
Product 

It 

VCE  =  10V,  lc=  10mA 

200 

MHz 

Olfset  Current  Change  vs  VCB 

•ilos'^VCB 

0<VCB£40V 

70 

pA/V 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


CURRENT  GAIN  vs 
COLLECTOR  CURRENT 


900 

eoo 

700 

ut 

1  eoo 
z 

<  500 

o  . 

w  400 

c 

3  300 
200 


CURRENT  GAIN 
vs  TEMPERATURE 


1  > 
IC"1mA  ^ 

{EX 

:ludes  t( 

,80* 

GAIN  BANDWIDTH 
vs  COLLECTOR  CURRENT 


0.01  0.1 
COLLECTOR  CURRENT  (in*} 


TEMPERATURE  l°CI 


001         0.1  1 

COLLECTOR  CURRENT  (mA) 


BASE-EMITTER-ON- 
VOLTAGE  vs  COLLECTOR 
CURRENT 


-  o.s 


0.01  0.1  1 

COLLECTOR  CURRENT  ImAI 


SMALL-SIGNAL  INPUT 
RESISTANCE  vs  COLLECTOR 
CURRENT 


■■■iiiinHiiii.'miiiiinaiaiiiiiiHBiiiiii 

nnnnpsHHisiiipPffl!! 


0.01         0.1  1  K 

COLLECTOR  CURRENT  (mA) 


SMALL-SIGNAL  OUTPUT 

CONDUCTANCE  vs 
COLLECTOR  CURRENT 


0.01  0.1 
COLLECTOR  CURRENT  (mA) 


SATURATION  VOLTAGE 
vs  COLLECTOR  CURRENT 


0.01 

COLLECTOR  CURRENT  (mAI 


NOISE  VOLTAGE 
DENSITY  vs  FREQUENCY 


NOISE  VOLTAGE  DENSITY 
vs  COLLECTOR  CURRENT 


FREQUENCY  IM/I 


COLLECTOR  CURRENT  (mA) 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


N0I8E  CURRENT 
DENSITY  vs  FREQUENCY 


TOTAL  NOISE  v» 
COLLECTOR  CURRENT 


COLLECTOR-TO-BASE 
LEAKAGE  W  TEMPERATURE 


0.01  ai 

COLLECTOR  CURRENT  1mA) 


COLLECTOR-TO-COLLECTOR 
LEAKAGE  vs  TEMPERATURE 


75  100 
TEMPERATURE  |°C) 


COLLECTOR-TO-COLLECTOR 
CAPACITANCE  vs  COLLECTOR-TO- 
SUBSTRATE  VOLTAGE 

so 


TA- 

n*c 

0  10  20  30  40  60 

COLLECTOR-TO-SUBSTRATE  VOLTAGE  (VOLTS! 


COLLECTOR-BASE 
CAPACITANCE  vs 
REVERSE  BIAS  VOLTAGE 


20 

B 

i 

<?  10 


Ta 

25*C 

10  20  30  40 
REVERSE  BIAS  VOLTAGE  (VOLTS! 
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LOG  CONFORMANCE  TEST  CIRCUIT 


R1 


1V-10V 
RAMP 

GENERATOR 


TYT 


"  s  SIDE  A  D.U.T, 


T 


INSTRUMENTATION 
AMPLIFIER 


V0UT  -100iVBE 


SIDE  B  D.U.T. 


LOG  CONFORMANCE  TESTING 

The  log  conformance  of  the  MAT-02  Is  tested  using  the 
circuit  shown  above.  The  circuit  employs  a  dual  transdiode 
logarithmic  converter  operating  at  a  fixed  ratio  of  collector 
currents  that  are  swept  over  a  10:1  range.  The  output  of  each 
transdiode  converter  is  the  VBEof  the  transistor  plus  an  error 
term  which  is  the  product  of  the  collector  current  and  rBE,  the 
bulk  emitter  resistance.  The  difference  of  the  VBe  is  amplified 
at  a  gain  of  X100  by  the  AMP-01  instrumentation  amplifier. 
The  differential  emitter-base  voltage  (AVBE)  consists  of  a 
temperature-dependent  DC  level  plus  an  AC  error  voltage 
which  is  the  deviation  from  true  log  conformity  as  the  collector 
currents  vary. 

The  output  of  the  transdiode  logarithmic  converter  comes 
from  the  idealized  intrinsic  transistor  equation  (for  silicon): 


Voc  =  —  in  ^  where 
q  is 

k  =  Boltzmann's  Constant  { 1.38062  x  10~23  J/°K) 
q  =  Unit  Electron  Charge  (1.60219X  10~19C) 
T  =  Absolute  Temperature,  °K  (=  °C  +  273.2) 
Is  =  Extrapolated  Current  for  Vbe  —0 
lc  =  Collector  Current 


(D 


An  error  term  must  be  added  to  this  equation  to  allow  for  the 
bulk  resistance  (rBE)  of  the  transistor.  Errordue  to  the  op  amp 
input  current  is  limited  by  use  of  the  OP-1S  BIFET-input  op 
amp.  The  resulting  AMP-01  input  is: 


MbE  =  ~~  ln         +  'CI  rBE1 

q  ic2 


>C2  rBE2 


(2) 


A  ramp  function  which  sweeps  from  1 V  to  10V  is  converted  by 
the  op  amps  to  a  collector  current  ramp  through  each 
transistor.  Because  lei  is  made  equal  to  10 1  cz.  and  assuming 
TA=  25°  C,  the  previous  equation  becomes: 

AVBE  =  59mV  +  0.9  lCi  rBE  (ArBE-  0) 
As  viewed  on  an  oscilloscope,  the  change  in  AVBE  for  a  10:1 
change  in  I  c  is  then  displayed  as  shown  below: 
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With  the  oscilloscope  AC  coupled,  the  temperature  depen- 
dent term  becomes  a  DC  offset  and  the  trace  represents  the 
deviation  from  true  log  conformity.  The  bulk  resistance  can 
be  calculated  from  the  voltage  deviation  AVoand  the  change 
in  collector  current  (9mA): 


rBE"9mAX100 


(3) 


This  procedure  finds  rBE  for  Side  A.  Switching  Ri  and  R2will 
provide  the  rgEf  orSide  8.  Differential  rBEis  found  by  making 
"i  =  R2- 


APPLICATIONS:  NONLINEAR  FUNCTIONS 
MULTIPLIER/DIVIDER  CIRCUIT 

The  excellent  log  conformity  of  the  MAT-02  over  a  very  wide 
range  of  collector  current  makes  it  ideal  for  use  in  log-antilog 
circuits.  Such  nonlinear  functions  as  multiplying,  dividing, 
squaring,  and  square-rooting  are  accurately  and  easily 
implemented  with  a  log-antilog  circuit  using  two  MAT-02 
pairs  (see  Figure  1).  The  transistor  circuit  accepts  three  input 
currents  0i,  I2,  and  I3)  and  provides  an  output  current  lo 
according  to  lo=  I1I2/I3.  Ail  four  currents  must  be  positive  in 
the  log-antilog  circuit,  but  negative  input  voltages  can  be 


easily  accomodated  by  various  offsetting  techniques.  Pro- 
tective diodes  across  each  base-to-emitter  junction  would 
normally  be  needed,  but  these  diodes  are  built  into  the 
MAT-02.  External  protection  diodes  are  therefore  not  needed. 

For  the  circuit  shown  in  Figure  1 ,  the  operational  amplifiers 
make  I,  =  Vx/Rt.  I2=  VY/R2,  l3  =  Vz/R3,  and  l0=  Vo/R0.The 
output  voltage  for  this  one-quadrant,  log-antilog  multiplier/ 
divider  is  ideally: 


V0  = 


R3  Ro  Vx  Vy 
R,  R2  Vz 


(Vx.  Vy,  V2>0) 


(4) 


If  all  the  resistors  (Ro,  Ri.  R2.  R3)  are  made  equal,  then  V0= 
VXVY/V2.  Resistorvalues  of  50kfl  to  100kf!  are  recommended 
assuming  an  input  range  of  0.1V  to  +  10V. 

ERROR  ANALYSIS 

The  base-to-emitter  voltage  of  the  MAT-02  in  its  forward- 
active  operation  is: 


q  Is 


(5) 


The  first  term  comes  from  the  idealized  intrinsic  transistor 
equation  previously  discussed  (see  equation  (1)). 


ai  ^    *  i 


3.an  "  ± 
-Wr-(  1 


c0 


'  -"Ns^  3.»n 

A2   t  VW- 


-  MAT-02 


3.3kn 

-vw- 


-Wr- 


A4^^- 


-Ov„ 


Figure  1.  One-Quadrant  Multiplier/Divider 
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Figure  2.  Compensation  of  Bulk  Resistance  Error 


Extrinsic  resistive  terms  and  the  Early  effect  cause  departure 
from  the  ideal  logarithmic  relationship.  For  small  VCb,  all  of 
these  effects  can  be  lumped  together  as  a  total  effective  bulk 
resistance  rBE.  The  tbe'c  term  causes  departure  from  the 
desired  logarithmic  relationship.  The  rBEterm  for  the  MAT-02 
is  less  than  0.5O  and  ArBE  between  the  two  sides  is  negligible. 

Returning  to  the  multiplier/divider  circuit  of  Figure  1  and 
using  Equation  (4): 

Vbeia  +  Vbe2a_  Vbkb- Vbeib+  (h  +  '2-  'o- 13)  fBE  =  0 
If  the  transistor  pairs  are  held  to  the  same  temperature,  then: 


—  In- 
q 


bio  q 


IS1A  IS2A 
IS1B  >S2B 


+  (li  +  l2-l0-l3)rBE  (6) 


If  all  the  terms  on  the  right-hand  side  were  zero,  then  we 
would  have  In  (h  l2/l3  lo)  equal  to  zero  which  would  lead 
directly  to  the  desired  result: 


it  l2 

lo  =  —r~  • where  h.  'a  I3.  'o  >  0 


(7) 


Note  that  this  relationship  is  temperature  independent.  The 
right-hand  side  of  Equation  (6)  is  near  zero  and  the  output 
current  lo  will  be  approximately  h  12/13.  To  estimate  error, 
define  <t>  as  the  right-hand  side  terms  of  Equation  (6): 


0  =  In  'S1A  'S2A  +  Ig-lo-'a)  rBE 

'S1B  'S2B  KT 


(8) 


For  the  MAT-02,  In  (Isa/Isb)  and  'Cbe  are  very  small.  For 
small       - 1  +  4>  and  therefore: 


'1  Iz 
I3I0 


=  1+0 


(9) 


1 


The  In  (  Isa/'sb)  terms  in  *  cause  a  fixed  gain  error  of  less  than 
±0.6%  from  each  pair  when  using  the  MAT-02,  and  this  gain 
error  is  easily  trimmed  out  by  varying  Ro-  The  IcTBEtermsare 
more  troublesome  because  they  vary  with  signal  levels  and 
are  multiplied  by  absolute  temperature.  At  25°C,  kT/q  is 


approximately  26m V  and  the  error  due  to  an  rBelcterm  will  be 
rBElc/26mV.  Using  an  tbe  of  0.4fi  for  the  MAT-02  and 
assuming  a  collector-current  range  of  up  to  200pA,  then  a 
peak  error  of  0.3%  could  be  expected  for  an  rBElc  error  term 
when  using  the  MAT-02.  Total  error  is  dependent  on  the 
specific  application  configuration  (multiply,  divide,  square, 
etc.)  and  the  required  dynamic  range.  An  obvious  way  to 
reduce  lcrBE  error  is  to  reduce  the  maximum  collector 
current,  but  then  op  amp  offsets  and  leakage  currents 
become  a  limiting  factor  at  low  input  levels.  A  design  range  of 
no  greater  than  10/iA  to  1mA  is  generally  recommended  for 
most  nonlinear  function  circuits. 

A  powerful  technique  for  reducing  error  due  to  I  shown 
in  Figure  2.  A  small  voltage  equal  to  IcfBE  Is  applied  to  the 
transistor  base.  For  this  circuit: 


VB  =  -^V1  and  lcrBE  =  -gp.V1 


(10) 


The  error  from  rBElc  is  cancelled  if  Rq/R2  is  made  equal  to 
rBE/Ri-  Since  the  MAT-02  bulk  resistance  is  approximately 
0.39H,  an  Rc  of  3.90  and  R2  of  10R,  will  give  good  error 
cancellation. 

In  more  complex  circuits,  such  as  the  circuit  in  Figure  1,  it 
may  be  inconvenient  to  apply  a  compensation  voltage  to 
each  individual  base.  A  better  approach  is  to  sum  all 
compensation  to  the  bases  of  Q1 .  The  "A"  side  needs  a  base 
voltage  of  ( V0/R0+  VZ/R3)  tbe  and  the  "B"  side  needs  a  base 
voltage  of  (Vx/Ri  +  VY/R2)  rB£.  Linearity  of  betterthan±0.1% 
is  readily  achievable  with  this  compensation  technique. 

Operational  amplifier  offsets  are  another  source  of  error.  In 
Figure  2,  the  input  offset  voltage  and  input  bias  current  will 
cause  an  error  in  collector  current  of  (V0s/Ri)  +  'b-  A  low 
offset  op  amp,  such  as  the  OP-07  with  less  than  75/iV  of  V0s 
and  Ib  of  less  than  ±3nA,  is  recommended.  The  OP-22/32,  a 
programmable  micropower  op  amp,  should  be  considered  if 
low  power  consumption  or  single-supply  operation  is 
needed.  The  value  of  frequency-compensating  capacitor 
(Co)  is  dependent  on  the  op  amp  frequency  response  and 
peak  collector  current.  Typical  values  for  Co  range  from 
30pF  to  300pF. 

FOUR-QUADRANT  MULTIPLIER 

A  simplified  schematic  for  a  four-quadrant  log/antilog  multi- 
plier Is  shown  in  Figure  3.  As  with  the  previously  discussed 
one-quadrant  multiplier,  the  circuit  makes  lo=  'i  I2/I3.  The 
two  input  currents,  h  and  1 2,  are  each  offset  in  the  positive 
direction.  This  positive  offset  is  then  subtracted  out  at  the 
output  stage.  Assuming  ideal  op  amps,  the  currents  are: 


,     Vx  + Vn         Vv  +  Vr 
R1     R2  R1  R2 

Ri     Ri     R2     Ro '  R2 
From  lo=  li  I2/I3,  the  output  voltage  will  be: 


V0  = 


Ro  R2  VXVY 


R12 


Vr 


(11) 


(12) 


00 
Pi 

o 

fe 


Q 
w 

X 
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Collector-current  range  Is  the  key  design  decision.  The 
inherently  low  rBEof  the  MAT-02  allows  the  use  of  a  relatively 
high  collector  current.  For  input  scaling  of  ±10V  full-scale 
and  using  a  10V  reference,  we  have  a  collector-current  range 
for  li  and  bol: 


(J0:+10\  /10+10\. 


(13) 


Practical  values  for  Ri  and  R2  would  range  from  50kn  to 
100kn.  Choosing  an  R1  of  82kfi  and  R2  of  62kn  provides  a 
collector-current  range  of  approximately  39/iA  to  2B3pA.  An 
Ro  of  108kfl  will  then  make  the  output  scale  factor  1/10  and 
Vo = Vx  Vy/10.  The  output,  as  well  as  both  inputs,  are  scaled 
for  ±  10V  full-scale. 

Linear  error  for  this  circuit  is  substantially  improved  by  the 
small  correction  voltage  applied  to  the  base  of  Q1  as  shown 
in  Figure  3.  Assuming  an  equal  bulk  emitter  resistance  for 
each  MAT-02  transistor,  then  the  error  is  nulled  if: 

(li  +  l2-l3-lo)rBE+pVo  =  0 

The  currents  are  known  from  the  previous  discussion,  and 
the  relationship  needed  is  simply: 


V0 


=  I5L 
Ro 


V0 


(14) 


The  output  voltage  is  attenuated  by  a  factor  of  tbe/Ro  and 
applied  to  the  base  of  Q1  to  cancel  the  summation  of  voltage 
drops  due  to  rBElc  terms.  This  will  make  In  (I,  I2/I3  lo)  more 
nearly  zero  which  will  thereby  make  lo  -  h  h>h  a  more 
accurate  relationship.  Linearity  of  better  than  0.1  %  is  readily 
achievable  with  this  circuit  if  the  MAT-02  pairs  are  carefully 
kept  at  the  same  temperature. 


MULTIFUNCTION  CONVERTER 

The  multifunction  converter  circuit  provides  an  accurate 
means  of  squaring,  square  rooting,  and  of  raising  ratios  to 
arbitrary  powers.  The  excellent  log  conformity  of  the  MAT-02 
allows  a  wide  range  of  exponents.  The  general  transfer 
function  is: 


V0=  VY 


(15) 


Vx.  Vy,  and  Vz  are  input  voltages  and  the  exponent  "m"  has  a 
practical  range  of  approximately  0.2  to  S.  Inputs  VxandVY  are 
often  taken  from  a  fixed  reference  voltage.  With  a  REF-01 
providing  a  precision  -1-  10V  to  both  Vx  and  Vy,  the  transfer 
function  would  simplify  to: 


V0=1o(^ 


10/ 


(16) 


As  with  the  multiplier/divider  circuits,  assume  that  the 
transistor  pairs  have  excellent  matching  and  are  at  the  same 
temperature.  The  In  Isa/'sb  will  then  be  zero.  In  the  circuit  of 
Figure  4,  the  voltage  dropsacross  the  base-emitter  junctions 
of  Q1  provide: 


=j5llnJz 
Rb  +  KRa        q  lx 


(17) 


lzis  Vz/R,  and  lx  is  Vx/Rv  Similarly,  the  relationship  for  Q2  is: 


Rb  =JLLln-!o 
RB+(1-K)RA  A     q  lv 


(18) 


lo  is  Vq/Ro  and  lY  is  Vy/R<|.  These  equations  for  Q1  and  Q2 
can  then  be  combined. 


RB+KRA 
Rb+(1-K)Ra 


ln£  =,nI?- 
lx  ly 


(19) 


R0-t08kH 
R2-62k(l 


VR-  MOV 


-VvV- 


r 


Figure  3.  Four-Quadrant  Multiplier 
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Substituting  in  the  voltage  relationships  and  simplifying 
leads  to: 

(20) 

Rb+KRa 
RB+(1-K)'RA 

The  factor  "K"  is  a  potentiometer  position  and  varies  from 
zero  to  1 .0,  so"m"  ranges  from  Rb/(Ra+  Rb)  *o  <Rb+  Ra)/Rb- 
Practical  values  are  1250  for  R  sand  500(1  f  or  R  a;  these  values 
will  provide  an  adjustment  range  of  0.2  to  5.0.  A  value  of 
100kn  is  recommended  for  the  Ri  resistors  assuming  a  full- 
scale  Input  rangeof  10V.  As  with  the  one-quadrant  multiplier/ 
divider  circuit  previously  discussed,  the  V*  Vy,  and  Vzinputs 
must  all  be  positive. 

The  op  amps  should  have  the  lowest  possible  input  offsets. 
The  OP-07  is  recommended  for  most  applications,  although 
such  programmable  micropower  op  amps  as  the  OP-22  or 
OP-32  offer  advantages  in  low-power  or  single-supply 
circuits.  The  micropower  op  amps  also  have  very  low  Input- 
bias-current  drift,  an  important  advantage  in  log/antilog 
circuits.  External  offset  nulling  may  be  needed,  particularly 
forapplications  requiring  a  wide  dynamic  range.  Frequency- 
compensating  capacitors,  on  the  order  of  50pF,  may  be 
required  for  A2  and  A3.  Amplifier  A1  is  likely  to  need  a  larger 
capacitor,  typically  0.0047 jjF,  to  assure  stability. 
Accuracy  is  limited  at  the  higher  input  levels  by  bulk  emitter 
resistance,  but  this  Is  much  lower  for  the  MAT-02  than  for 
other  transistor  pairs.  Accuracy  at  the  lower  signal  levels 
primarily  depends  on  the  op  amp  offsets.  Accuracies  of 


better  than  1%  are  readily  achievable  with  this  circuit  config- 
uration and  can  be  better  than  ±0.1%  over  a  limited  operating 
range. 

FAST  LOGARITHMIC  AMPLIFIER 

The  circuit  of  Figure  5  is  a  modification  of  a  standard 
logarithmic  amplifier  configuration.  Running  the  MAT-02  at 
2.5mA  per  side  (full-scale)  allows  a  fast  response  with  wide 
dynamic  range.  The  circuit  has  a  7  decade  current  range,  a  5' 
decade  voltage  range,  and  is  capable  of  2.5/isec  settling  time 
to  1%  with  a  1  to  10V  step. 

The  output  follows  the  equation: 

R3+R2  kT  VREF 

Vo  =  — o  —   In  -r.  (21 ) 

R2      0.  »ln 

The  output  is  inverted  with  respect  to  the  input,  and  is  nomi- 
nally-1V/decade  using  the  component  values  indicated. 

LOW-NOISE  X1000  AMPLIFIER 

The  MAT-02  noise  voltage  is  exceptionally  low,  only 
1nV/V  Hz  at  10Hz  when  operated  over  a  collector-current 
range  of  1  to  4mA.  A  single-ended  X1000  amplifier  that  takes 
advantage  of  this  low  MAT-02  noise  level  is  shown  in  Figure  6. 
In  addition  to  low  noise,  the  amplifier  has  very  low  drift  and 
high  CMRR.  An  OP-32  programmable  low-power  op  amp  is 
used  for  the  second  stage  to  obtain  good  speed  with  minimal 
power  consumption.  Small-signal  bandwidth  is  1  MHz,  slew- 
rate  is  2.4V//js,  and  total  supply  current  is  approximately 
2.8mA. 


Figure  4.  Multifunction  Converter 
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MAT-02  LOW  NOISE,  MATCHED  DUAL  MONOLITHIC  TRANSISTOR 


Transistors  Q2  and  Q3  form  a  2mA  current  source 
(0.6SV/330fl  -  2mA).  Each  collector  of  Q1  operates  at  1mA. 
The  OP-32  inputs  are  3V  below  the  positive  supply  voltage 
(RJc-  3V).  The  OP-32's  low  input  offset  current,  typically 
less  than  1  nA,  and  low  offset  voltage  of  1  mV  cause  negligible 
error  when  referred  to  the  amplifier  input.  Input  stage  gain  is 
9it>Rl-  which  is  approximately  100  when  operating  at  lc  of 
1  ma  with  RL  of  3kfl.  Since  the  OP-32  has  a  minimum  open- 
loop  gain  of  500,000,  total  open-loop  gain  forthe  composite 
amplifier  is  over  SO  million.  Even  at  closed-loop  gain  of  1000, 
the  gain  error  due  to  finite  open-loop  gain  will  be  negligible. 
The  OP-32  features  excellent  symmetry  of  slew-rate  and 
very  linear  gain.  Signal  distortion  is  minimal. 

Frequency  compensation  is  very  easy  with  this  circuit;  just 
vary  the  set-resistor  Rs  for  the  desired  frequency  response. 
Gain-bandwidth  of  the  OP-32  varies  directly  with  the  supply 
current.  A  set  resistor  of  549kfi  was  found  to  provide  the  best 
step  response  for  this  circuit.  The  resultant  supply  current  is 
found  from: 


-16V 


The  Iset.  using  ±1SV  supplies  and  an  Rset  of  549k(l,  is 
approximately  52/iA  which  will  result  in  supply  current  of 
784/iA. 

Dynamic  range  of  this  amplifier  is  excellent;  the  OP-32  has  an 
output  voltage  swing  of  ±14V  with  a  ±15V  supply. 
Input  characteristics  are  outstanding.  The  MAT-02 B/F  has 
offset  voltage  of  less  than  150pV  at  25°  C  and  a  maximum 
offset  drift  of  1/iV/°C.  Nulling  the  offset  will  further  reduce 
offsetdrift.  This  can  be  accomplished  by  slightly  unbalancing 
the  collector  load  resistors.  This  adjustment  will  reduce  the 
drift  to  less  than  0.1jiV/°C. 

Input  bias  current  is  relatively  low  due  to  the  high  current 
gain  of  the  MAT-02.  The  minimum  p  of  400  at  1mA  for  the 
MAT-02B/F  implies  an  input  bias  current  of  approximately 
2.5/iA.  This  circuit  should  be  used  with  signals  having 
relatively  low  source  impedance.  A  high  source  impedance 
will  degrade  offset  and  noise  performance. 

This  circuit  configuration  provides  exceptionally  low  input 
noise  voltage  and  low  drift.  Noise  can  be  reduced  even 
further  by  raising  the  collector  currents  from  1mA  to  3mA, 
but  power  consumption  is  then  increased. 


6  *15V 


Figure  S.  Fast  Logarithmic  Amplifier  Figure  6.  Low-Noise,  Single-Ended  X1000  Amplifier 
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MAT-03 

LOW-NOISE,  MATCHED 
DUAL  PNP  TRANSISTOR 


Precision  Monolithics  Inc. 


ADVANCE  PRODUCT  INFORMATION 

FEATURES  sources  and  log-antilog  circuits.  The  low  noise  of  the  MAT-03 

•  Low  Offset  Voltage  50MV  Max  also  makes  il  ideal  ,or  low  noise  amp'f'ers. 

•  High  Gain  Bandwidth   150MHziyp  The  long-term  stability  of  the  MAT-03's  matching  parameters  is 

•  High  Gain   100  MIn  guaranteed  by  the  protection  diodes  across  the  base-emitter 

•  Tight  Gain  Matching  2%  Max  junction  of  each  transistor.  These  diodes  prevent  degradation 

•  Low  Noise   1nV/\/Hz@  1kHz  Max  of  the  gain  and  matching  characteristics  of  the  MAT-03  due  to 

•  Outstanding  Log  Conformance   rBE  =  OJSCl  Max  excessive  reverse  bias  base-emitter  current. 


ORDERING  INFORMATION  f 


PIN  CONNECTIONS 


TA=+25*C 

PACKAGE 

OPERATING 

VggMAX 

TEMPERATURE 

(mV) 

T0-78 

LCC 

RANGE 

50 

MAT03EH 

XI ND 

ISO 

MAT03AH' 

MAT03ARC/883 

MIL 

150 

MAT03FH 

XIND 

*  For  devices  processed  in  total  compliance  to  MIL-STD-863.  add  /S63  aller 

part  number.  Consul)  factory  for  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plastic  dip  and  TO-can  packages.  For  ordering  information  see  1986 

Data  Book,  Section  2. 


GENERAL  DESCRIPTION 

The  MAT-03  is  a  monolithic  dual  PNP  transistor  that  features 
outstanding  parametric  matching  and  high  frequency  perform- 
ance. Offset  voltage  is  under  50uV  with  gain  matching  better 
than  2%.  Gain  of  the  MAT-03  exceeds  100  with  a  high  gain- 
bandwidth  product  of  150MHz.  The  MAT-03  also  features 
extremely  low  noise,  under  1nV7\/HT  @  1kHz,  and  excellent 
logarithmic  conformance. 

The  tight  parametric  matching  and  superior  logarithmic  con- 
formance of  the  MAT-03  makes  it  an  ideal  choice  in  current 


lJ  ,  o  „  o 
t  5  i  0  x 


SUBSTRATE 
N.C 


✓  UJldLiJHHS 

N.C  J\  [l£  N.C 

7]  [if  SUBSTRATE 

JJ  [»  N.C 

fll  T]  []*  62 

N.C.  7J  Q*  N.C 


MAT-03ARC/883 
20-CONTACT  LCC 
(RC-Sutflx) 


d  S  ii  9  |J 
I       X  i 


TO-78 
(H-Suffix) 


NOTE:  Substrate  is  connected  to  case  on  TO-76  package.  Substrate  is 
normally  connected  to  the  most  negative  circuit  potential,  but 
can  be  floated. 
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MAT-03  LOW-NOISE,  MATCHED  DUAL  PWP  TRANSITOR  —  ADVANCE  INFORMATION 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 


Collector-Base  Voltage  (BVCbo)  ••  36V 

Collector-Emitter  Voltage  (BVCEo)  36V 

Collector-Collector  Voltage  (BVcc)  36V 

Emitter-Emitter  Voltage  (BVee)  36V 

Collector  Current  (lc)  •  20mA 

Emitter  Current  (Ie)  20mA 

Total  Power  Dissipation 

Ambient  Temperature  <  70°C  (Note  2)   500mW 

Operating  Temperature  Range 

MAT-03A  -55°C  to  +1250C 

MAT-03E/F  -^-CtO+BS'C 


Operating  Junction  Temperature  -55'C  to  +150°C 

Storage  Temperature  -65'C  to  -HSCC 

Lead  Temperature  (Soldering,  60  sec)   300°C 

DICE  Junction  Temperature  -65° C  to  +1S0°C 

NOTES: 

1.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  devices. 

2.  Rating  applies  to  TO-78  not  using  a  heat  sink  and  LCC:  devices  in  free  air  only. 
For  TO-78  derate  linearly  at  6.3mW/*C  above  70*C  ambient  temperature;  lor 
LCC  derate  at  7.8mW/*C. 


ELECTRICAL  CHARACTERISTICS  at  VC8  =  15V,  lc  =  10uA,  TA = +25°C,  unless  otherwise  noted. 


MAT-03E 

MAT-03A/F 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN      TYP  1 

WAX 

UNITS 

Current  Go  in 

h  

"fE 

lc  =  1mA  (Notel) 
Ic  =  WmA 

100 
80 

— 

— 
— 

SO  — 
65  — 

— 

— 

Current  Gain  Match 

AhFE 

10jiA£lc£1mA.(Note2) 

2 

4 

Offset  Voltage 

Vos 

Vc8  =  0 

10fiASIcS1mA 

50 

150 

cV 

Olfset  voltage 
Change  vs.  Vcq 

AV0S/AVCB 

OSVcBSVuAxaNoteS) 
10(iA<lcS1mA 

25 

50 

mV 

Offset  voltage  Change 
vs.  Collector  Current 

iVos/Alc 

Vca=0V 
10iiASIcS1mA 

25 

50 

»V 

Offset  Current 
Change  vs.  Vcq 

OSVcbSVma, 

70 

70 

pA/V 

Bulk  Resistance 

'BE 

10pA<lc<10mA 

03 

0.5 

-  0.3 

0.5 

n 

Collector-Base 
Leakage  Current 

'CBO 

VCB  =  VWAX 

200 

400 

PA 

lc=1mA,  Vco  =  0.  (Note4) 

fo=10Hz 

2 

3 

Noise  Voltage  Density 

*n 

l0=  100Hz 

1 

2 

nVA/Hi 

f0=1kHz 

1 

2 

l0  =  10kHz 

1 

2 

Collector  Saturation 
Voltage 

VCE(S*T| 

lc  =  1mA 
lB=100pA 

0.1 

0.2 

V 

Breakdown  Voltage 

BVceo 

36 

36  — 

V 

Gain-Bandwidth  Product 

ft 

lc=  10mA.  VCE=  10V 

150 

—  150 

MHZ 

NOTES: 

1.  Current  gain  Is  measured  with  Collector-Base  Voltage  (VCB)  swept  from  0         3.  This  is  the  maximum  change  In  Vos  08  vcs 18  swept  from  0V  to  36V. 
to  V^u,  at  the  indicated  collector  currents.  4.  Sample  tested. 

2.  Current  Gain  Match  <AhFE)  Is  defined  as: 


100  (Alg)  (hFEmln) 
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MAT-03  LOW-NOISE,  MATCHED  DUAL  PNP  TRANSITOR  —  ADVANCE  INFORMATION 


DICE  CHARACTERISTICS 


DIE  SIZE  0.070  X  0.060  Inch,  4,200  tq.  mils 
(1.78  X  1.52  mm,  2.70  >q.  mm) 


1.  COLLECTOR  1 

2.  BASE  1 

3.  EMITTER  1 

4.  COLLECTOR  2 

5.  BASE  2 

6.  EMITTER  2 

7.  SUBSTRATE 

For  additional  DICE  ordering  Information,  refer  to 
1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  25°C  for  VCB  =  15V  and  lc  =  10VA.  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MAT-02N 
LIMITS 

UNITS 

Breakdown  Voltage 

BVCE0 

36 

V  MIN 

Oftset  Voltage 

vos 

10)iA<  lc<  1mA 

150 

pV  MAX 

Current  Gain 

"FE 

lc-1mA,  VCB  =  0V 

lc  =  1<VA.  VCB  =  0V 

80 
65 

MIN 

Current  Gain  Match 

AhfE 

10,iA£  lc<  1mA,  Vca=0V 

4 

%MAX 

Offset  Voltage 
Change  vs.  VCB 

AVos/AVca 

0V  S  VCB  S  36V 
i0nA*lc*1mA 

50 

nVMAX 

Offset  Voltage  Change 
vs.  Collector  Current 

.w09aic 

vCB  =  o 

10^AAIc41mA 

50 

pV  MAX 

Bulk  Resistance 

'BE 

100>iA    lc  10mA 

0.5 

11  MAX 

Collector  Saturation 
Voltage 

VCE(SAT| 

lc=0.1mA 
lB=  10/iA 

0.2 

V  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  10  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


guaranteed 
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Precision  Monolithic*.  Inc. 


FEATURES 

•  Low  Offset  Voltage    200u.V  Max 

•  High  Current  Gain    400  MIn 

•  Excellent  Current  Gain  Match    2%  Max 

•  Low  Noise  Voltage  at  100Hz,  1mA    2.5nVA/HTMax 

•  Excellent  Log  Conformance    rBE  =  0.6ft  Max 

•  Matching  Guaranteed  for  All  Transistors 

ORDERING  INFORMATION! 

PACKAGE 

TA  =  25°C        HERMETIC  OPERATING 
V03MAX              DIP               PLASTIC  TEMPERATURE 
(u.V)  14-PIN  14-PIN  RANGE 

200  MAT04AY"  —  MIL 

200  MAT04EY  —  IND 

400  MAT04BV  —  MIL 

400  MAT04FY  MAT04FP  IND 

400                  —  MAT04GStt  COM 


*   For  devices  processed  In  total  compliance  to  MIL-STD-683,  add  /B83  after  part 

number.  Consult  factory  tor  683  data  sheet 
t  Bum-In  Is  available  on  commercial  and  Industrial  temperature  range  parts  incer- 

dip,  plastic  dip,  and  TO-can  packages.  For  ordering  Information,  see  1988  Data 

Book,  Section  2. 

ft  For  availability  and  bum-In  Information  on  SO  and  PLCC  packages,  contact  your 
local  sales  office. 


GENERAL  DESCRIPTION 

The  MAT-04  is  a  quad  monolithic  NPN  transistor  that  offers 
excellent  parametric  matching  for  precision  amplifier  and  non- 
linear circuit  applications.  Performance  characteristics  of  the 
MAT-04  include  high  gain  (400  minimum)  over  a  wide  range 
of  collector  current,  low  noise  (2.5nVA/Fiz~maximum  at  100Hz, 
lc  =  1mA)  and  excellent  logarithmic  conformance.  The  MAT-04 
also  features  a  low  offset  voltage  of  200|iV  and  tight  current  gain 
matching,  to  within  2%.  Each  transistor  of  the  MAT-04  is 
individually  tested  to  data  sheet  specifications.  For  matching 
parameters  (offset  voltage,  input  offset  current,  and  gain  match), 
each  of  the  dual  transistor  combinations  are  verified  to  meet 
stated  limits.  Device  performance  is  guaranteed  at  25°C  and  over 
the  industrial  and  military  temperature  ranges. 

The  long-term  stability  of  matching  parameters  is  guaranteed  by 
the  protection  diodes  across  the  base-emitter  junction  of  each 
transistor.  These  diodes  prevent  degradation  of  beta  and  match- 
ing characteristics  due  to  reverse  bias  base-emitter  current. 

The  superior  logarithmic  conformance  and  accurate  matching 
characteristics  of  the  MAT-04  makes  it  an  excellent  choice  for  use 
in  log  and  antilog  circuits.  The  MAT-04  is  an  ideal  choice  in 
applications  where  low  noise  and  high  gain  are  required. 


MAT-04 

MATCHED  MONOLITHIC 
QUAD  TRANSISTOR 


PIN  CONNECTIONS 


14-PIN  HERMETIC  DIP 
(Y-Sufflx) 

14-PIN  EPOXY  DIP 
(P-Suffix) 

14-PIN  SO 
(S-Sufflx) 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 


Collector-Base  Voltage  (BVCB0)    40V 

Collector-Emitter  Voltage  (BVCE0)   40V 

Collector-Collector  Voltage  (BVcc)    40V 

Emitter-Emitter  Voltage  (BVEE)    40V 

Collector  Current    30mA 

Emitter  Current    30mA 

Substrate  (Pin-4  to  Pm-11)  Current   30mA 

Total  Power  Dissipation  (Note  2)    500mW 

Operating  Temperature  Range 

MAT-04AY,  BY    -55°C  to  +  125°C 

MAT-04EY,  FY,  FP   -25°C  to  +85°C 

MAT-04GS    0°Cto+70°C 

Storage  Temperature 

Y  Package    -65°Cto +150°C 

P  Package    -65°Cto  +125°C 

Lead  Temperature  (Soldering,  60  sec)   300°C 


NOTES: 

1.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  devices. 

2.  The  table  below  lists  maximum  ambient  temperature  ratings  and  derating 
factors. 


PACKAGE  TYPE 

MAXIMUM  AMBIENT 
TEMPERATURE 
FOR  RATING 

DERATE  ABOVE 
MAXIMUM  AMBIENT 
TEMPERATURE 

14-Pin 

100*C 

10mWfC 

Hermetic  DIP  (Y) 

14-Pin 

42"C 

6mW/"C 

EpoxyOIP(P) 
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MAT-04  MATCHED  MONOLITHIC  QUAD  TRANSISTOR 


ELECTRICAL  CHARACTERISTICS  at  TA  =  25°C  unless  otherwise  noted.  Each  transistor  is  individually  tested.  For  matching 
parameters  (Vqs,  Iqs,  Ahpg)  each  dual  transistor  combination  Is  verified  to  meet  stated  limits.  All  tests  made  at  ertdpoints  unless  other- 
wise noted. 


MAT-04A/E 

MAT-04B/F/G 

PARAMETER 

SYMBOL 

CONDITIONS 

M1N  TYP 

MAX 

MIN  TYP 

MAX 

UNITS 

10|iAslcs1mA 

Current  Gain 

OVsVcaSMV 
(Notel) 

400  800 

— 

300  600 

— 

Current  Gain 
Match 

Ahre 

lc=100|iA 
OVsVcaSOTV 

—  0.5 

2 

—  1 

4 

% 

(Note  2) 

10(iAslcs1mA 

Offset  Voltage 

Vos 

(Note  4) 

—  50 

200 

—  100 

400 

U.V 

Offset  Voltage 

10|iAslcs1mA 

Change va 

AV0S/AIC 

VCB  =  OV 

—  5 

25 

—  10 

SO 

liV 

Collector  Current 

(Note  4) 

Offset  Voltage 
Change vsVcg 

AVna/AVn. 

10pAslcs1mA 

0VSVCQS30V 

(Note4) 

—  50 

100 

—  100 

200 

IlV 

lOpAslgSlmA 

Bulk  Emitter  Resistance 

Vcb-OV 

(Note  5) 

  0,4 

0.6 

  0.4 

0.6 

n 

Input  Bias  Current 

■a 

Ic-tOOuA 
OVsVceSSOV 

—  125 

250 

—  165 

330 

nA 

Input  Offset  Current 

■os 

\c  =  VX)liA 
Vca-OV 

—  0.6 

S 

—  2 

13 

nA 

Breakdown  Voltage 

BVceo 

lc°10(iA 

40  — 

- 

40  — 

- 

V 

Collector  Saturation 
Voltage 

VCE|SAT) 

Ib  =  100(iA 
Ic^lmA 

—  0.03 

0.06 

—  0.03 

0.06 

V 

Collector-Base 
Leakage  Current 

'ceo 

Voa  =  40V 

—  5 

—  5 

pA 

Noise  Voltage 
Density 

»h 

VCB  =  0V  f0-WHz 
lc  =  1mA  f0  =  100Hz 

—  2 

—  1.8 

3 
2.5 

—  2 

—  1.8 

4 
3 

nVA/HT 

(Note  3)  f0-1kHz 

—  1.8 

2.5 

—  1.8 

3 

Gain  Bandwidth 
Product 

It 

lc  =  1mA 
VC6=10V 

—  300 

—  300 

MHz 

Output  Capacitance 

COBO 

Vc8=15V    lE  =  0 
l=1MHz 

—  10 

—  10 

pF 

Input  Capacitance 

Cebo 

VM  =  0V     lc  =  0 
(=1MHz 

—  40 

—  40 

NOTES: 

1.  Current  gain  measured  at  lc  =  tOjiA.  100^Aand  1mA. 

lOO'AlaMhFTrrtin) 

2.  Current  gain  match  Is  defined  as:  Afw"   ■  

<c 

3.  Sample  tested. 

4.  Measured  at  Ij  =  10|iA  and  guaranteed  by  design  over  the  specified  range 
eflc. 

5.  Guaranteed  by  design. 
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MAT-04  MATCHED  MONOLITHIC  QUAD  TRANSISTOR 


ELECTRICAL  CHARACTERISTICS  at  -2S°C  sTAs  85°C  for  MAT-04E  and  F,  0°C  s  TA  s  70°C  for  MAT-04G,  unless  otherwise 
noted.  Each  transistor  is  individually  tested.  For  matching  parameters  (V0s,  los)  each  dual  transistor  combination  is  verified  to  meet 
stated  limits.  All  tests  made  at  endpoints  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MAT-04E 
MIN     TYP  MAX 

MAT-04F/G 

MIN     TYP  MAX 

UNITS 

Current  Gain 

"re 

10uAslcs1mA 
(Notet) 

225  625 

200  500 

Offset  Voltage 

Vos 

10i»Aslcs1mA 
0VsVCBs30V 
(Note  3) 

—  60 

260 

—  120 

520 

*v 

Average  Offset 
Voltage  Drift 

TCVoe 
^  OS 

Ic  =  100tiA 

Vro  =  0V 

(Note  2) 

—  0.2 

1 

—  0.4 

2 

nV/°C 

Input  Bias  Current 

Is 

lc  -  tOOfiA 
0VsVCBs30V 

—  160 

445 

—  200 

500 

nA 

Input  Offset  Current 

los 

lc  =  fOOfiA 

vCB=ov 

—  4 

20 

—  8 

40 

nA 

Average  Offset 
Current  Drift 

TCIos 

lc  =  100llA 
Vcb  =  OV 

—  50 

—  100 

pAf-C 

Breakdown  Voltage 

BVCE0 

Ic-IOuA 

40  — 

40  — 

V 

Collector-Base 
Leakage  Current 

'ceo 

Vca-^ov 

—  0.5 

—  0.5 

nA 

Collector-Emitter 
Leakage  Current 

'ces 

Vc; »  40V 

—  5 

—  5 

nA 

Collector-Substrate 
Leakage  Current 

Ics 

Vcs  =  40V 

—  0.7 

—  0.7 

nA 

ELECTRICAL  CHARACTERISTICS  at  -S5°C  sTAs  125°C  unless  otherwise  noted.  Each  transistor  is  individually  tested.  For 
matching  parameters  (Vos,  los)  each  dual  transistor  combination  is  verified  to  meet  stated  limits.  All  tests  made  at  endpoints  unless 
otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

MAT-04A 

MIN     TYP  MAX 

MAT-04B 

MIN     TYP  MAX 

UNITS 

Current  Gain 

"re 

IO|iAslcs  1mA 

0VSVCQS30V 

(Notet) 

175  475 

125  425 

Offset  Voltage 

Vos 

fOuAslcSlmA 
(Note3) 

—  70 

300 

—  140 

600 

nv 

Average  Offset 
Voltage  Drift 

TCVos 

lc  -  IOOiiA 

Vca-OV 

(Note2) 

—  0.2 

1 

—  0.4 

2 

U.WC 

Input  Bias  Current 

'b 

lc  =  100|iA 
0VsVras3OV 

—  210 

570 

—  235 

600 

nA 

Input  Offset  Current 

'os 

Ic-tOOnA 
Vcb  =  0V 

—  6 

30 

—  12 

60 

nA 

Average  Offset 
Current  Drift 

TCIos 

lc=tOO|iA 

vCB  =  ov 

—  50 

—  100 

pA/°C 

Breakdown  Voltage 

BVceo 

lc-10|iA 

40  — 

40  — 

V 

Collector-Base 
Leakage  Current 

'CBO 

Vcb  =  40V 

—  5 

—  5 

nA 

Collector- Emitter 
Leakage  Current 

'CES 

Vc^OV 

—  100 

—  100 

nA 

Collector-Substrate 
Leakage  Current 

'cs 

Vcs-40V 

—  7 

—  7 

nA 

1.  Curremgainmeasuredatlc  =  lOtiA.IOO^AandlmA.  3.  Measured  at  ^  =  10(iA  and  guaranteed  by  design  over  the  specified  range 

2.  Guaranteed  by  Vqs  test  (TCWqs  s  VogH' for  VM  <<  Vqe)  T  =  29ff1<  (or  °"c- 
TA  =  25-C. 
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1# 

Q1  COLLECTOR 

2. 

Q1  BASE 

3. 

Q1  EMITTER 

4, 

SUBSTRATE 

5# 

02  EMITTER 

6. 

02  BASE 

7. 

Q2  COLLECTOR 

8. 

03  COLLECTOR 

9. 

Q3 BASE 

10. 

03  EMITTER 

11. 

SUBSTRATE 

12. 

04  EMITTER 

13. 

CM  BASE 

14. 

04  COLLECTOR 

DIE  SIZE  0.060  X  0.060  inch,  3600  sq.  mils 
(1.52  X  1.52  mm,  2.31  sq.  mm) 


For  additional  DICE  ordering  Information,  refer 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  TA  =  25°C  unless  otherwise  noted.  Each  transistor  is  individually  tested.  For  matching  parameters  (Vos, 
los.  AhFE)  each  dual  transistor  combination  is  verified  to  meet  stated  limits.  Ail  tests  made  at  endpoints  unless  otherwise  noted. 


MAT-04N 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMITS 

UNITS 

Current  Gain 

"re 

lc=1MnA 

ovsv^saov 

300 

MIN 

Current  Gain  Match 

4hre 

lc  =  100nA.Vc8  =  0V 

4 

%MAX 

10|iAslc=s  1mA 

Offset  Voltage 

Vos 

OV^Vca^MV 
(Notel) 

400 

liVMAX 

Offset  Voltage 

10uAslc=MmA 

Change vs 

AVqs/AIc 

vCB=ov 

50 

nVMAX 

Collector  Current 

(Notel) 

Offset  Voltage 
Change  vsVca 

10uAslcs1mA 

OVsVcesMV 

(Notel) 

200 

liVMAX 

lOnAslcSlmA 

Bulk  Emitter  Resistance 

rBE 

Vce-OV 
(Note  2) 

0.6 

ftMAX 

Collector  Saturation 
Voltage 

VCE(SAT) 

lB=100nA 
lc  =  1mA 

0.06 

VMAX 

Input  Bias  Current 

>B 

lc  =  100t»A 
0VsVCBs30V 

330 

nAMAX 

Input  Offset  Current 

los 

lc=100|iA 
Vco-OV 

13 

rtAMAX 

Breakdown  Voltage 

BVceo 

lc=WnA 

40 

VMIN 

NOTES: 

1.  Measured  at  lc  =  10nA  and  guaranteed  by  design  over  the  specified  range  of  lc. 

2.  Guaranteed  by  design. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  In  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed  for 
standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


CURRENT  GAIN 
vs  COLLECTOR  CURRENT 


CURRENT  GAIN 
vs  TEMPERATURE 


GAIN  BANDWIDTH  vs 
COLLECTOR  CURRENT 


10*  100>i 
COLLECTOR  CURRENT  (A) 


-2J  2S  75 

TEMPERATURE  rC) 


t(i       ttfe     100»i      1m      torn     100m  1 
COLLECTOR  CURRENT  (A) 


BASE-EMITTER-ON-VOLTAGE 
vs  COLLECTOR  CURRENT 


10)i  100)1 
COLLECTOR  CURRENT  (A) 


SMALL  SIGNAL  INPUT 
RESISTANCE  (hie)  vs 
COLLECTOR  CURRENT 


SMALL  SIGNAL  OUTPUT 

CONDUCTANCE vs 
COLLECTOR  CURRENT 


In  10)1  100)1 

COLLECTOR  CURRENT  (A) 


10)i  100)1 
COLLECTOR  CURRENT  (A) 


SATURATION  VOLTAGE  vs 
COLLECTOR  CURRENT 


►  12 
-& 

rc-< 

5-C-. 

IOOh  1m 
COLLECTOR  CURRENT  (A) 


NOISE  VOLTAGE  DENSITY 
vs  FREQUENCY 


NOISE  VOLTAGE  DENSITY 
vs  COLLECTOR  CURRENT 


\»Hz 

.tOOHl 

FREQUENCY  (K>) 


3in  Sen  0m  12m 

COLLECTOR  CURRENT  (A) 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


TOTAL  NOISE  vs 
COLLECTOR  CURRENT 


COLLECTOR-TO-BASE 
CAPACITANCE  vs  COLLECTOR- 
TO-BASE  VOLTAGE 


11V  1O0n 
COLLECTOR  CURRENT  (A) 


COLLECTOR-TO-SUBSTRATE 
CAPACITANCE  vs  COLLECTOR- 
TO-SUBSTRATE  VOLTAGE 


5  10  15  »  25  30 
COLLECTOR-TO.BASE  VOLTAGE  (VOLTS) 


0  10  JO  30  40 

COLLECTOR-TO-SUBSTRATE  VOLTAGE  (VOLTS) 


APPUCATION  NOTES 

It  is  recommended  that  one  of  the  substrate  pins  (Pins  4  and  1 1 ) 
be  tied  to  the  most  negative  circuit  potential  to  minimize  coupling 
between  devices.  Pins  4  and  11  are  internally  connected. 

APPLICATIONS 
CURRENT SOURCES 

The  MAT-04  can  be  used  to  implement  a  variety  of  high  Impe- 
dance current  mirrors  as  shown  in  Figures  1,2,  and  3.  These  cur- 
rent mirrors  can  be  used  as  biasing  elements  and  load  devices  for 
amplifier  stages. 

FIGURE  1 :  Unity  Gain  Current  Mirror,  Iqut  =  Iref 


FIGURE  2:  Current  Mirror,  Iqut  =  2  (Iref) 


The  unity-gain  current  mirror  of  Figure  1 ,  using  a  MAT-04AY,  has 
an  accuracy  of  better  than  1  %  and  an  output  impedance  of  over 
100M(1  at  100llA.  Figures  2  and  3  show  modified  current  mirrors 
designed  for  a  current  gain  of  two,  and  one-half  respectively.  The 
accuracy  of  these  mirrors  is  reduced  from  that  of  the  unity-gain 
source  due  to  base  current  errors  but  is  still  better  than  2%. 


FIGURE  3:  Current  Mirror,  loirr  =  1/2  (Iref) 


Figure  4  is  a  temperature  independent  current  sink  that  has  an 
accuracy  of  better  than  1  %  over  the  military  temperature  range  at 
an  output  current  of  IOOliA  to  1  mA.  The  Schottky  diode  acts  as  a 
clamp  to  insure  correct  circuit  start-up  at  power  on.  The  resistors 
used  in  this  circuit  should  be  1%  metal-film  type. 
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 gMiy^  

FIGURE  4:  Temperature  Independent  Current  Sink,  Iqut  =  lOV/Rft 


+15V 
O 


6 
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NONLINEAR  FUNCTIONS 

An  application  where  precision  matched-transistors  are  a  power- 
ful tool  is  in  the  generation  of  nonlinear  functions.  These  circuits 
are  based  on  the  transistor's  logarithmic  property  which  takes  the 
following  idealized  form: 


The  MAT-04,  with  its  excellent  logarithmic  conformance,  main- 
tains this  idealized  function  over  many  decades  of  collector  cur- 
rent. This,  in  addition  to  the  stringent  parametric  matching  of  the 
MAT-04,  enables  the  implementation  of  extremely  accurate  log/ 
antilog  circuits. 

The  circuit  of  Figure  5  is  a  vector  summer  that  adds  and  subtracts 
logged  inputs  to  generate  the  following  transfer  function: 

V0ut=-^VVa2  +  Vb2 


This  circuit  uses  two  MAT-04AYs  and  maintains  an  accuracy  of 
better  than  0.5%  over  an  input  range  of  10mV  to  10V.  The  layout 
of  the  MAT-04s  reduces  errors  due  to  matching  and  temperature 
differences  between  the  two  precision  quad  matched-transistors. 

Op  amps  A1  and  A2  translate  the  input  voltages  into  logarithmic 
valued  currents  (lA  and  Is  in  Figure  5)  that  flow  through  transistor 
Q3  and  Q5.  These  currents  are  summed  by  transistor  Q4 
(to  =  'a  +  'b  =  V'i2  +  I22)  which  feeds  the  current-to-voltage 
converter  consisting  of  op  amp  A3.  To  maintain  accuracy,  1% 
metal-film  resistors  should  be  used. 
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FIGURE  S:  Vector  Summer 
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LOW  NOISE,  HIGH  SPEED  INSTRUMENTATION  AMPLIFIER 

The  circuit  ol  Figure  6  Is  a  very  low  noise,  high  speed  amplifier, 
ideal  for  use  in  precision  transducer  and  professional  audio  appli- 
cations. The  performance  of  the  amplifier  is  summarized  in 
Table  I.  Figure  7  shows  the  input  referred  spot  noise  over  the 
0-2SkHz  bandwidth  to  be  flat  at  1 .2nV/  v/Fte  Figure  8  highlights 
the  low  1/f  noise  corner  at  2Hz. 

The  circuit  uses  a  high  speed  op  amp,  the  OP-17,  preceded  by  an 
Input  amplifier.  This  consists  of  a  precision  dual  matched-transis- 
tor, the  MAT-02,  and  a  feedback  V-to-l  converter,  the  MAT-04. 
The  arrangement  of  the  MAT-04  is  known  as  a  "linearized  cross 
quad*  which  performs  the  voltage-to-current  conversion.  The 
OP-17  acts  as  an  overall  nulling  amplifier  to  complete  the  feed- 
back loop.  Resistors  R1,  R2,  and  R3,  R4  form  voltage  dividers 
that  attenuate  the  output  voltage  swing  since  the  "cross  quad"  ar- 
rangement has  a  limited  input  range.  Biasing  forthe  input  stage  Is 
set  by  zener  diode  Z1 .  At  low  currents  the  effective  zener  voltage 
is  about  3.3V  due  to  the  soft  knee  characteristic  of  the  zener 
diode.  This  results  in  a  bias  current  of  S30|xA  per  side  forthe  Input 
stage.  The  gain  of  this  amplifier  with  the  values  shown  In  Figure  6  is: 

Vqut  _  33000 


TABLE  I:  Instrumentation  Amplifier  Characteristics 


Input  Noise 
Voltage  Density 

G  =  1000 
G  =  100 
Go  10 

1.2nv7\/Hz 
3.6nV/>/Hz 
30nV/\/HT 

Bandwidth 

G  =  500 
G=  100 
Go  10 

400kHz 
1MHz 
1.2MHz 

Slew  Rate 

40V/(is 

Common-Mode 
Rejection 

G  =  10O0 

130dB 

Distortion 

G  =  100 

f  =  20Hz  to  20kHz 

0.03% 

Settling  Time 

G  =  1000 

10(13 

Power  Consumption 

350mW 
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 PMI)  —  

FIGURE  6:  Low  Noise,  High  Speed  Instrumentalion  Amplifier 


■O  -ISV 


FIGURE  7:  Spot  Noise  of  the  Instrumentation  Amplifier  from  FIGURE  8:  Low  Frequency  Noise  Spectrum  Showing  Low  2Hz 

0-25kHz  at  a  Gain  of  1000  Noise  Corner.  Gain  =  1000. 


REFERENCED  TO  INPUT. 
HORIZONTAL  AXIS    0  TO  2ShHz. 
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FIGURE  9:  Voltage-Controlled  Attenuator 


22kll  JlOkll  S10kn-n.,00|iF 


T 


VOLTAGE-CONTROLLED  ATTENUATOR 

The  voltage-controlled  attenuator  (VCA)  of  Figure  9,  widely  used 
in  professional  audio  circles,  can  easily  be  implemented  using  a 
MAT-04.  The  excellent  matching  characteristics  of  the  MAT-04 
enables  the  VCA  to  have  a  distortion  level  of  under  0.03%  over  a 
wide  range  of  control  voltages.  The  VCA  accepts  a  3V  RMS  input 
and  easily  handles  the  full  20Hz-20kHz  audio  bandwidth  as 
shown  in  Figure  10.  Noise  level  for  the  VCA  is  more  than  110dB 
below  maximum  output 

In  the  voltage-controlled  attenuator,  the  input  signal  modulates 
the  stage  current  of  each  differential  pair.  Op  amps  A2  and  A3  in 
conjunction  with  transistors  Q5  and  Q6  form  voltage-to-current 
converters  that  transform  a  single  input  voltage  into  differential 
currents  which  form  the  stage  currents  of  each  differential  pair. 
The  control  voltage  shifts  the  current  between  each  side  of  the 
two  differential  pairs,  regulating  the  signal  level  reaching  the  out- 
put stage  which  consists  of  op  amp  A1.  Figure  11  shows  the  in- 
crease in  signal  attenuation  as  the  control  voltage  becomes  more 
negative. 


The  ideal  transfer  function  for  the  voltage-controlled  attenuator  is: 

WVin   2 


1  +exp 


Where  k  =  Boltzmann  constant  1 .38  x  10~23  J/°K 
T  =  temperature  in  °K 
q  =  electronic  charge  =  1 .602  x  10~19C 

From  the  transfer  function  it  can  be  seen  that  the  maximum  gain 
Of  the  circuit  is  2  (6dB). 

To  insure  best  performance,  resistors  R2  through  R7  should  be 
1%  metal  film  resistors.  Since  capacitor  C2  can  see  small 
amounts  of  reverse  bias  when  the  control  voltage  is  positive,  it 
may  be  prudent  to  use  a  nonpolarized  tantalum  capacitor. 


to 
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REF-01 

+10V  Precision  Voltage  Reference 
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REF-02 

+5V  Precision  Voltage 

Reference/Temperature  Transducer .....  10-12 
•REF-03 

+2.5V  Low-Cost  Precision 

Voltage  Reference   10-20 

REF-05 

+5V  Precision  Voltage  Reference  10-22 

Negative  10V/10.24V 

Voltage  Reference   10-28 

REF-10 

+10V  Precision  Voltage  Reference  10-32 

•REF-43 

+2.5V  Low-Power  Precision 

Voltage  Reference   10-38 


'Indicates  new  product  or  product  whose  data  sheet  has  been  finalized  since  the  1986  data  book. 
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INTRODUCTION 

Voltage  references  provide  a  constant  output 
voltage  irrespective  of  changes  in  input  voltage, 
output  current,  or  temperature.  References  are 
needed  in  such  diverse  equipment  as  power 
supplies,  panel  meters,  calibration  standards, 
precision  current  sources,  data  conversion  sys- 
tems, and  control  set-point  circuits. 

PMI  references  are  fabricated  using  either  a 
bandgap  cell  or  a  buried  zener.  The  first  method 
sums  voltages  with  negative  and  positive 
temperature  coefficients  to  yield  a  stable  output 
voltage  over  temperature.  A  transistor  base- 
emitter  junction  voltage  (Vbe)  exhibits  a 
negative  temperature  coefficient,  while  the 
differential  junction  voltage  of  two  transistors 
operating  at  unequal  current  densities  (AVbe) 
will  exhibit  a  positive  tempco.  AVbe  is  amplified 
and  summed  with  Vbe  to  form  a  1.23V  bandgap 
cell  which  has  a  near-zero  overall  temperature 
coefficient.  The  1.23V  level  is  then  amplified  to 
the  desired  output  voltage.  Buried-zener 
references  utilize  a  subsurface  zener  to  produce 
a  stable  voltage,  which  is  then  amplified  and 
buffered.  Both  methods  may  be  trimmed  for 
absolute  tolerance  and  temperature  coefficients 
using  either  zener-zap  or  laser  trimming 
techniques. 

A  variety  of  output  voltages  are  available.  The 
REF-01,  REF-02  and  REF-03  are  bandgap 
references  producing  +10V,  +5V  and  +2.5V 
outputs  respectively.  The  REF-02  provides  an 
additional  output  voltage  having  a  linear 
temperature  dependence. 

The  REF-43  is  a  high-performance  +2.5V 
bandgap  reference,  having  a  5ppm/°C 
maximum  drift  with  0.05%  initial  output 
tolerance.  2.5V  references  are  of  value  in 
systems  operating  from  a  5V  supply  voltage. 

Many  data-converter  ICs  require  a  negative 
reference  voltage,  which  in  the  past  required  an 
additional  op  amp  to  invert  the  output  of  a 
positive  reference.  The  REF-08  serves  this 
function,  providing  a  stable  -10V  output.  This 
reference  is  produced  using  a  buried-zener 
diode. 

The  REF-05  and  REF-10  are  premium  versions  of 
the  REF-01  and  REF-02  that  have  guaranteed 
long-term  stability  and  MIL-STD-883  process- 


ing. Extensive  testing  over  a  long  period  of  time, 
combined  with  tight  control  of  processing,  has 
enabled  PMI  to  specify  limits  on  output  change 
with  time. 


DEFINITIONS 

Line  Regulation  —  The  ratio  of  the  change  in 
output  voltage  to  the  change  in  input  (line) 
voltage  producing  it.  It  includes  the  effects  of 
self-heating. 

Load  Regulation  —  The  ratio  of  the  change  in 
output  voltage  to  the  change  in  load  current.  It 
includes  the  effects  of  self-heating. 

Output  Change  With  Temperature  (AVot)  —  The 
absolute  difference  between  the  maximum 
output  voltage  and  the  minimum  output  voltage 
over  the  specified  temperature  range  expressed 
as  a  percentage  of  the  typical  output  voltage. 

Vmax  ~  Vmin 


AV0T  = 


Vq  (Typical) 


X  100 


Output  Temperature  Coefficient  (TCVo)  —  The 

ratio  of  output  change  with  temperature  varia- 
tion to  the  specified  temperature  range 
expressed  in  ppm/°C.  For  example,  TCVo  is 
defined  as  AVot  divided  by  the  temperature 
range;  i.e., 

TCVO(0°C  to  +70°C)  =  AVoT(U°Cto+70°C) 

70°C 

and  TCVo(-55°C  to  +125°C)  = 
AVoT(-550Cto+125°C) 
180°  C 

Output  Turn-On  Settling  Time  (toN)  —  The  time 
required  for  the  output  voltage  to  reach  its  final 
value  within  a  specified  error  band  after 
application  of  Vin- 

Output  Voltage  Noise  (enp.p)  —  The  peak-to- 
peak  output  noise  voltage  within  a  specified 
frequency  band. 

Quiescent  Supply  Current  (Isy)  —  The  current 
required  from  the  supply  to  operate  the  device 
with  no  load. 
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VOLTAGE 
REFERENCES 


VOLTAGE  REFERENCE  SELECTION  GUIDE 


Line  Load 

Product  Vq  enp-p        Regulation     Regulation  Jsy  TCVp 


REF01  +10V  30/xVp.p  0.01%/V  0.008%/mA  1.4mA  8.5ppm/°C 

REF02  +5V  15/uVp.p  0.01%/V  0.010%/mA  1.4mA  8.5ppm/°C 

REF03  +2.5V  7.5/iVp-p  0.01%/V  0.008%/mA  1.4mA  65ppm/°C 

REF05*  +5V  15mVp-p  0.01%/V  0.010%/mA  1.4mA  8.5ppm/°C 

REF08  -10V  10/iVp.p  10ppm/V  10ppm/mA  2.0mA  10ppm/°C 

REF10*  +10V  30jiVp-p  0.01%/V  0.008%/mA  1.4mA  8.5ppm/°C 

REF43  +2.5V  8jiVrms  2-5ppm/V  20ppm/mA  350a(A  5ppm/°C 


"Guaranteed  long-term  stability 
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Precision  Monolitliics  Inc. 


REF-01 

+10V  PRECISION 
VOLTAGE  REFERENCE 


FEATURES 

•  10  Volt  Output    ±0.3%  Max 

•  Adjustment  Range   ±3%MIn 

•  Excellent  Temperature  Stability  8.5ppm/°C  Max 

•  Low  Noise   30juVp.p  Max 

•  Low  Supply  Current  1.4mA  Max 

•  Wide  Input  Voltage  Range    12V  to  40V 

•  High  Load-Driving  Capability  20mA 

•  No  External  Components 

•  Short-Clrcuit  Proof 

•  MIL-STD-883  Screening  Available 

ORDERING  INFORMATION! 


T»  =  2S-C  

JV0  MAX 
(mV)  T0-99 


PACKAGE 


CERDIP  PLASTIC 


OPERATING 
TEMPERATURE 
RANGE 


±  30 
±  30 
±  SO 

±  so 

±100 
±100 


REF01AJ* 
REF01 EJ 
REF01J- 
REF01HJ 
REF01CJ 


REF01AZ' 
REF01EZ 
REF01Z* 
REF01H2  REF01HP 
REF01CZ  REF01CP 
—  REF01CSU 


REF01RC/883 


MIL 
COM 

MIL 
COM 
COM 
COM 


'  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /8B3  after 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-In  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdlp,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book,  Section  2. 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 

contact  your  local  sales  office. 

GENERAL  DESCRIPTION 

The  REF-01  precision  voltage  reference  provides  a  stable 
+10V  output  which  can  be  adjusted  over  a  ±3%  range  with 
minimal  effect  on  temperature  stability.  Single-supply  opera- 


SIMPLIFIED  SCHEMATIC 


tion  over  an  input  voltage  range  of  12V  to  40V,  low  current 
drain  of  1mA,  and  excellent  temperature  stability  are  achieved 
with  an  improved  bandgap  design.  Low  cost,  low  noise,  and 
low  power  make  the  REF-01  an  excellent  choice  whenever  a 
stable  voltage  reference  is  required.  Applications  include  D/A 
and  A/D  converters,  portable  instrumentation,  and  digital 
voltmeters.  Full  military  temperature  range  devices  with 
screening  to  MIL-STD-883  are  available.  For  guaranteed 
long-term  drift  see  the  REF-10  data  sheet. 

PIN  CONNECTIONS 


TO-99 
(J-Sufflx) 

/'[iJliJLJHIarN 

vin  3  Q7  rtc 

hc  7]  Qt 

NC  TJ  [» 

MIiaEM»L7 

i  I  s  |  a 


EPOXY  MINI-DIP 
(P-Sufflx) 

8-PIN  HERMETIC  DIP 
(Z-Suffix) 

8-PIN  SO 
(S-Suffix) 


HC 
*OUT 


REF-01RC/883 
LCC 
(RC-Sufflx) 


3 
u 

3 

UJ 

u. 

UJ 
(XI 

I 

o 
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REF-01  +10V  PRECISION  VOLTAGE  REFERENCE 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 


Input  Voltage 

REF-01,  A,  E.H.RC,  All  DICE   40V 

REF-01  C    30V 

Power  Dissipation  (Note  1)    SOOmW 

Output  Short-Circuit  Duration 
(to  Ground  or  V|N)   Indefinite 

Storage  Temperature  Range 

J,  RC,  and  Z  Packages   -65°  C  to  +1S0°C 

P  Package   -65°  C  to +125°  C 

Operating  Temperature  Range 

REF-01A,  REF-01,  REF-01RC    -55° C  to +125°  C 

REF-01  E,  REF-01  H,  REF-01  C   CCtO+TCC 


DICE  Junction  Temperature  (Tj)    -65°Cto+150°C 

Lead  Temperature  (Soldering,  60  sec.)    300°  C 

NOTES: 

1.  See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

PACKAGE  TYPE 

TEMPERATURE 

MAXIMUM  AMBIENT 

FOR  RATING 

TEMPERATURE 

TO-89  (J) 

B0"C 

7.1mWVC 

6-Pln  Hermetic  DIP  (Z) 

75'C 

6.7mW/»C 

8-Pln  Plastic  DIP  (P) 

36'C 

5.6mW/*C 

LCC  (RC) 

72'C 

7.8mW/'C 

2.  Argute  maximum  nitir^oppry  to  both  packaged  parte otkJ  DICE,  unless  other^se 
noted. 


ELECTRICAL  CHARACTERISTICS  at  VIN  =  +15V,  TA=  25°C,  unless  otherwise  noted. 


REF-01  A/E 

REF-01/H 

PARAMETER 

SYMBOL 

C0NDITI0N8 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Output  Voltage 

v0 

lL  =  0 

0.97 

10.00 

10.03 

9.85 

10.00 

10.05 

V 

Output  Adjustment  Range 

AVtrim 

Rp  =  10kn 

±3.0 

±3.3 

±3.0 

±3.3 

% 

Output  Voltage  Noise 

8n«> 

0.1Hz  to  10Hz  (Note  6) 

20 

30 

20 

30 

Una  Regulation  (Note  4) 

VIN  =  13Vto33V 

0.006 

0.010 

0.006 

0.010 

%/V 

Load  Regulation  (Note  4) 

lL  =  0to10mA 

0.005 

0.008 

0.006 

0.010 

%/mA 

Turn-on  Settling  Time 

ton 

To  ±0.1%  of  final  value 

5 

6 

1* 

Quiescent  Supply  Current 

"SY 

No  Load 

1.0 

1.4 

1.0 

1.4 

mA 

Load  Current 

«L 

10 

21 

10 

21 

mA 

Sink  Current 

Is 

(Note  7) 

-0.3 

-0.5 

-0.3 

-0.5 

mA 

Short-Circuit  Current  lsc  Vo  =  0  —         30         —  —         30         —  mA 


ELECTRICAL  CHARACTERISTICS  at  V!N  = +15V,  -55° C  £  TA<  +125°C  and  lL  =  0mA,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

REF-01  A/E 

TYP  MAX 

MIN 

REF-01/H 

TYP 

MAX 

UNITS 

Ouput  Voltage  Change  with 
Temperature  (Notes  1. 2) 

-Wot 

0,CSTAS+70*C 
-55*CSTAS+12S'C 

0.02 
0.06 

0.06 
0.15 

0.07 
0.18 

0.17 
0.45 

Output  Voltage 
Temperature  Coefficient 

TCV0 

(Note  3) 

3.0 

8.5 

10.0 

25.0 

ppm/"C 

Change  in  V0  Temperature 
Coefficient  with  Output 
Adjustment 

Rp=10kn 

0.7 

0.7 

ppm/% 

Line  Regulation 
(V,N  =  13Vto33V)  (Note  4) 

0°CSTAS+70°C 
-55'CSTAS+125'C 

0.007 
0.009 

0.012 
0.015 

0.007 
0.009 

0.012 
0.015 

%/V 

Load  Regulation 
(!L  =  0to8mA)  (Note  4) 

0"CSTA<+70*C 
-S5*CSTA<+125*C 

0.006 
0.007 

0.010 
0.012 

0.007 
0.009 

0.012 
0.015 

%/mA 

NOTES: 

1.  aVqt  Is  defined  as  the  absolute  difference  between  the  maximum 
output  voltage  and  the  minimum  output  voltage  over  the  specified 
temperature  range  expressed  as  a  percentage  of  10V: 


AVOT-r-S!^i|xi00 


2.  AVOT  specification  applies  trimmed  lo + 10.0O0V  or  untrlmmed. 

3.  TCV0 19  defined  as  AV0t  divided  by  the  temperature  range,  i.e.. 


dVOT(0"  to+70'C) 
TCV0 (0°  to  +70'Cl  =  70.c  

4VOT(-55°  IO+125'C) 
andTCV0(-55°to  +  125°CI=  — -  -^tq  

4.  Line  and  Load  Regulation  specifications  include  the  effect  of  self  heating. 

5.  Guaranteed  by  design. 

6.  Sample  tested. 

7.  Ouring  sink  current  test  the  device  meets  the  output  voltage  specified. 


10-6 


8/87,  Rev.  B 


-IpmiV 


REF-01  +  10V  PRECISION  VOLTAGE  REFERENCE 


ELECTRICAL  CHARACTERISTICS  at  V,M  = + 15V,  TA  =  25°  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

REF-01C 

MIN  TYP 

MAX 

UNITS 

Output  Voltage 

Vo 

lL  =  0mA 

9.80  10.00 

10.10 

V 

Output  Adjustment  Range 

AV,rlm 

R0  =  10kn 

±2.7  ±3.3 

— 

% 

Output  Voltage  Noise 

°no-e 

0.1Hz  to  10Hz  (Note  6) 

—  25 

35 

Line  Regulation  (Note  4) 

V,N  =  13Vto30V 

—  0.009 

0.015 

%/v 

Load  Regulation  (Note  4) 

lL  =  0to8mA 

—  0.006 

0.015 

%/mA 

Turn-on  Settling  Time 

•on 

To  ±0.1%  of  final  value 

—  5 

<is 

Ouleseent  Supply  Current 

Isy 

No  Load 

—  1.0 

1.6 

mA 

Load  Current 

'i 

S  21 

mA 

Sink  Current 

Is 

(Note  7) 

-0.3  -0.5 

mA 

Short-Clrcult  Current 

'sc 

Vo  =  0 

-  30 

mA 

ELECTRICAL  CHARACTERISTICS  at  V,N  =  +1SV,  0°C  <  TA <  +70° C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

REF-01  C 
MIN  TYP 

MAX 

UNITS 

Ouput  Voltage  Change 
with  Temperature 

AV0T 

(Notes  1  and  2) 

—  0.14 

0.4S 

% 

Output  Voltage 
Temperature  Coefficient 

TCV0 

(Note  3) 

-  20 

65 

ppm/*C 

Change  In  V0  Temperature 
Coefficient  with  Output 
Adlustment 

Rp°10kn 

—  0.7 

ppm/% 

Una  Regulation  (Note  4) 

V,N=13Vto30V 

—  0.011 

0.018 

%/V 

Load  Regulation  (Note  4) 

lL  =  0to5mA 

-  0.008 

0.018 

%/mA 

NOTES; 

1.  AVqt  Is  defined  as  the  absolute  difference  between  the  maximum  output 
voltage  and  the  minimum  output  voltage  over  the  specified  temperature 
range  expressed  as  a  percentage  of  10V: 


av°HVmTovVm'wIx100 


2.  AVqt  specification  applies  trimmed  to  + 10.000V  or  untrfmmed. 

3.  TCV0  is  defined  as  AVOT  divided  by  the  temperature  range,  i.e.. 


4.  Line  and  Load  Regulation  specifications  Include  the  effect  of  self 
heating. 

5.  Guaranteed  by  design. 

6.  Sample  tested. 

7.  During  sink  current  test  the  device  meets  the  output  voltage  specified. 


u 

2 

UJ 
Pi 

W 

PL. 

W 

oS 

UJ 

1 

o 
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OUTPUT  ADJUSTMENT 


♦15V 


-O  OUTPUT 


The  REF-01  trim  terminal  can  be  used  to  adjust  the  output 
voltage  over  a  10V  ±300mV  range.  This  feature  allows  the 
system  designer  to  trim  system  errors  by  setting  the  refer- 
ence to  a  voltage  other  than  10V.  Of  course,  the  output  can 


BURN-IN  CIRCUIT 


O  +18V 

REF-01 

GND 

l-isv 

also  be  set  to  exactly  10.000V,  or  to  10.240V  for  binary 
applications. 

Adjustment  of  the  output  does  not  significantly  affect  the 
temperature  performance  of  the  device.  The  temperature 
coefficient  change  is  approximately  0.7  ppm/°  C  f  or  100m  V  of 
output  adjustment. 
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 pjy^REF-01  +10V  PRECISION  VOLTAGE  REFERENCE 

DICE  CHARACTERISTICS  (125° C  TESTED  DICE  AVAILABLE) 


DIE  SIZE  0.074  x  0.048  Inch,  3552  sq.  mils 
(1.88  X  1.22  mm,  2.29  sq.  mm) 


2.  INPUT  VOLTAGE  (Vm) 

4.  GROUND 

5.  TRIM 

6.  OUTPUT  VOLTAGE  (V0UT) 


For  additional  DICE  ordering  Information,  refer 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  V,N  =  +  15V,  TA  =  25°  C  for  REF-01 N  and  REF-01 G  devices;  TA=  125°  C  for  REF-01  NT  and  REF-01 GT 
devices,  unless  otherwise  noted.  (Note  1) 


REF-01  NT 

REF-01  N 

REF-01  GT 

REF-01  G 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Output  Voltage 

10.05 

10.03 

10.10 

10.05 

VMAX 

v0 

lL  =  0 

9  95 

9.97 

9.90 

9.95 

VMIN 

Output  Adjustment 
Range 

v„im 

Rp  =  10Kf) 

±3.0 

±3.0 

%MIN 

Line  Regulation 

V,N  =  13V  to  33V 

0.015 

0.01 

0.015 

0.01 

%/V  MAX 

Electrical  tests  are  performed  at  water  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  Is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  V,N  =  +  15V,  TA  =  25° C.  unless  otherwise  noted. 


REF-01NT 

REF-01  N 

REF-01  GT 

REF-01  G 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

TYPICAL 

TYPICAL 

TYPICAL 

UNITS 

Load  Regulation 

lL  =  0  to  10mA 

lL=  0  to  8mA.  NT,  GT  @  + 125° C 

0.007 

0.005 

0.009 

0.006 

%/mA 

Output  Voltage  Noise 

enp-p 

0.1Hz  to  10Hz 

20 

20 

20 

20 

"Vp 

Turn-On  Settling 
Time 

•on 

To  ±0.1%  of  Final  Value 
NT.  GT@-M25°C 

7.5 

5.0 

7.5 

5.0 

MS 

Quiescent  Current 

'SY 

No  Load.  NT.  GT  @  + 125°  C 

1.4 

1.0 

1.4 

1.0 

mA 

Load  Current 

'l 

21 

21 

21 

21 

mA 

Sink  Current 

Is 

-0.5 

-0.5 

-0.5 

-0.5 

mA 

Short-Circuit  Current 

'sc 

Vo  =  0 

30 

30 

30 

30 

mA 

Output  Voltage 
Temperature  Coefficient 

TCV0 

10 

10 

10 

10 

ppm/°C 

NOTE: 

1.   For  +25°  C  specifications  of  REF-01NT  and  REF-01  GT.  see  REF-01  N  and 
REF-01G  respectively. 
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REF-01  +10V  PRECISION  VOLTAGE  REFERENCE 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


LINE  REGULATION 
vs  FREQUENCY 


OUTPUT  WIDEBAND 
NOISE  vs  BANDWIDTH  (0.1  Hz 
TO  FREQUENCY  INDICATED) 


Ik  10k 
FREQUENCY  IHi> 


OUTPUT  CHANGE  DUE  TO 
THERMAL  SHOCK 


V|N 

TA  - 
2S*C 

-  15V 

Ta  • 
7S"C 

f  0E 

VICE 
75*C  < 

MMER 
>IL  BA 

SEO 
TH 

FREQUENCY  (Ml) 


20  30 
TIME  (SEC) 


NORMALIZED  LOAD  NORMALIZED  2 

MAXIMUM  LOAD  CURRENT  REGULATION  (dlL  =  10mA)  LINE  REGULATION  £j 

vs  INPUT  VOLTAGE  vs  TEMPERATURE  vs  TEMPERATURE  gj 


INPUT  VOITAOE  IVOLTS)  TEMPERATURE  fa  TEMPERATURE  CCI 


MAXIMUM  LOAD  CURRENT  QUIESCENT  CURRENT 

vs TEMPERATURE  vs TEMPERATURE 


*0  -20     0    20    40    60    60  100  120  1*0  _60  _40  -20     0    20    10    SO    H  100  I2Q  140 

TEMPERATURE  I'CI  TEMPERATURE  I'CI 
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REF-01  +10V  PRECISION  VOLTAGE  REFERENCE 


TYPICAL  APPLICATIONS 
D/A  CONVERTER  REFERENCE 


A/D  CONVERTER  REFERENCE 


10U1 
i-VW- 


♦tsv 


Vo 
REF-01 


atB2B3B4BSB6Q763 
DA  COS 

10  1, 

cc  vlc 


•15V  -1EV 


6 
-15V 


B1 

B2 

B3 

B4 

BS 

BS 

87 

BS 

E 

POS.  FULL-SCALE -1  LSB 

1 

1 

1 

1 

1 

1 

1 

1 

+4.960 

ZERO— SCALE 

1 

0 

0 

0 

0 

0 

0 

0 

0.000 

NEG.  FULL-SCALE +1  LSB 

0 

0 

0 

0 

0 

0 

0 

1 

-4.960 

NEQ.  FULL-SCALE 

0 

0 

0 

0 

0 

0 

0 

0 

-5.000 

REF-01 


6  

?SkJl 

to  La 


HH 


GUI 


AM2S02 
SUCCESSIVE 
APPROXIMATION 
REGISTER 


CONNECT  "START-  TO 
-CONVERSION  COMPLETE" 
FOR  CONTINUOUS  CON- 
VERSIONS. 


+10V  REFERENCE 


PRECISION  CALIBRATION  8TANDARD 


CURRENT  80URCE 


CURRENT  SINK 


1 


VOLTAGE  COMPLIANCE:    -3SV  TO  *JV 


V 

N 

a 

vO 

REF^l 

TRIM 

5  0  . 

GNO 

4 

'  'out 

l«  'OUT-'T*'™* 


REF-01 

TRIM 
GNO 


0-16V 


VOLTAGE  COMPLIANCE:  -3V  TO  +2SV 


l«  loUT-T"™* 
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REF-01  +10V  PRECISION  VOLTAGE  REFERENCE 


PRECISION  CURRENT  SOURCE 

A  current  source  with  25V  output  compliance  and  excellent 
output  impedance  can  be  obtained  using  this  circuit.  REF-01 
(g)keeps  the  line  voltage  and  power  dissipation  constant  in 
device  (T);  the  only  important  error  consideration  at  room 
temperature  is  the  negative  supply  rejection  of  the  op  amp. 
The  typical  3pV/V  PSRR  of  the  OP-02E  will  create  an  8ppm 
change  (3/iV/V  x  2SV/10V)  in  output  current  oyer  a  25V  range. 
For  example,  a  10mA  current  source  can  be  built  (R  =  1kfl) 
with  300MO  output  impedance. 

Ro=  ™.  

8X10"6X10mA 


REFERENCE  STACK  WITH  EXCELLENT  LINE 
REGULATION 

Three  REF-01's  can  be  stacked  to  yield  10.000.  20.000.  and 
30.000V  outputs.  An  additional  advantage  is  near-perfect  line 
regulation  of  the  10.0V  and  20.0V  output.  A  32V  to  60V  input 
change  produces  an  output  change  which  is  less  than  the 
noise  voltage  of  the  devices.  A  load  bypass  resistor  (Re) 
provides  a  path  for  the  supply  current  (Isy)  of  the  20.000V 
regulator. 

In  general,  any  number  of  REF-01  's  can  be  stacked  this  way. 
For  example,  ten  devices  will  yield  outputs  of  10,  20, 30  . . . 
1 00V.  The  line  voltage  can  range  from  105V  to  130V.  However, 
care  must  be  taken  to  ensure  that  the  total  load  currents  do 
not  exceed  the  maximum  usable  current  (typically  21mA). 


rc-io'Hec 


(TRIM  FOR 
CALIBRATION! 


V0 


TRIM 
GND 


TRIM  p 
GND 


TRIM 
GND 


TRIMMED 
OUTPUTS 


30.000V 
 O 


20.000V 
— O 


10.000V 

— o 


>6«cQ 


SUPPLY  BYPASSING 

For  best  results,  it  is  recommended  that  the  power  supply  pin 
is  bypassed  with  a  0.1 /iF  disc  ceramic  capacitor. 
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Precision  MonoJithics  Inc. 


KEF- 02 

+5V  PRECISION  VOLTAGE 
REFERENCE/TEMPERATURE  TRANSDUCER 


FEATURES 

•  5  Volt  Output    ±0.3%  Max 

•  Temperature  Voltage  Output  2.1m V/°C 

•  Adjustment  Range   ±3%  Mln 

•  Excellent  Temperature  Stability  8.Sppm/"C  Max 

•  Low  Noise   15/iVp.p  Max 

•  Low  Supply  Current  1.4mA  Max 

•  Wide  Input  Voltage  Range    7Vto40V 

•  High  Load-Driving  Capability  20mA 

•  No  External  Components 

•  Shorl-Clrcult  Proof 

•  MIL-STD-883  Screening  Available 

ORDERING  INFORMATION! 

TA=25»C   PACKAGE   OPERATING 

AV0MAX    TEMPERATURE 

<mV)         TO-W        CEROIP     PLASTIC        LCC  RANGE 

±15  REF02AJ'  REF02AZ'         —  —  MIL 

±15  REF02EJ  REF02EZ          —  —  COM 

±25  REF02J-  REF02Z-          —  REF02RC/883  MIL 

±25  REF02HJ  REF02HZ  REF02HP  —  COM 

±50  REF02CJ  REF02CZ  REF02CP  -  COM 

±50           -              -  REF02CSU        -  COM 

±100  REF02DJ  REF02DZ  REF02DP  -  COM 

•  For  devices  processed  In  total  compliance  to  MIL-STD-883,  add  /883  after 
part  number.  Consult  factory  for  883  data  sheet. 

t  Bum-In  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1888 
Data  Book,  Section  2. 
tt  For  availability  and  burn-In  information  on  SO  and  PLCC  packages, 
contact  your  local  sates  office. 


GENERAL  DESCRIPTION 

The  REF-02  precision  voltage  reference  provides  a  stable 
+5V  output  which  can  be  adjusted  over  a  ±6%  range  with 


minimal  effect  on  temperature  stability.  Single-supply  operation 
over  an  input  voltage  range  of  7V  to  40V,  low  current  drain  of 
1  mA,  and  excellent  temperature  stability  are  achieved  with  an 
improved  bandgap  design.  Low  cost,  low  noise,  and  low 
power  make  the  REF-02  an  excellent  choice  whenever  a 
stable  voltage  reference  is  required.  Applications  include 
D/A  and  A/D  converters,  portable  instrumentation,  and 
digital  voltmeters.  The  versatility  of  the  REF-02  is  enhanced 
by  its  use  as  a  monolithic  temperature  transducer.  For + 10V 
references,  see  the  REF-01  and  REF-10  data  sheets. 


PIN  CONNECTIONS 


20  Osv 
3  QV><;rx"  B  TBI 


VlN 
TEMP 


MC  J] 

»1N  E 

MC  7] 

TEMP  7] 

KC.  Tj 


TiJIIIEnEIH 


Qi 


.  mrsipnisiisi 


KC 
KC 

rtc 

^OUT 
KC 


GROUND 
CASE 


TO-89  (J-Suffix) 


N.C.  LI 
VlN  LL 
TEMP  [T 
ONO  (T 


3n.c. 
Due. 
TJvout 
7]  trim 


a  §  si  I  si 

REF-02RC/863 
LCC  (RC-Suffix) 


8-PIN  HERMETIC  DIP 
(Z-Suffix) 
EPOXY  MINI-DIP 
(P-Sufflx) 
8-PIN  SO 
(S-Suffix) 


SIMPLIFIED  SCHEMATIC 


10-12 


8/87,  Rev.  B 


 +5V  PRECISION  VOLTAGE 

ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 
Input  Voltage 

REF-02  A,  E,  H,  RC,  All  DICE   40V 

REF-02  C.D   30V 

Power  Dissipation  (Note  1)   SOOmW 

Output  Short-Circuit  Duration 
(to  Ground  or  Vin)    Indefinite 

Storage  Temperature  Range 

J,  RC,  and  Z  Packages    ~65oC  to+150oC 

P  Package    -65°C  to  +-\25'C 

Operating  Temperature  Range 

REF-02A,  REF-02,  REF-02RC   -55°C  to  +125° C 

REF-02 E,  REF-02H   0°C  to  +70"C 

REF-02C,  REF-02D   O'CtO+WC 

ELECTRICAL  CHARACTERISTICS  at  VIN  = + 15V,  TA = 


REFERENCE/TEMPERATURE  TRANSDUCER 


Lead  Temperature  (Soldering,  60  sec)   300° C 

DICE  Junction  Temperature  (T|)    -65°Cto+150°C 

NOTE8: 

1.  See  table  for  maximum  ambient  temperature  rating  and  derating  factor. 


PACKAGE  TYPE 

MAXIMUM  AMBIENT 
TEMPERATURE 
FOR  RATING 

DERATE  ABOVE 
MAXIMUM  AMBIENT 
TEMPERATURE 

TO-99  (J) 

80°C 

7.1mW7«C 

S-PIn  Hermetic  DIP  (Z) 

75°C 

6.7mW/°C 

8-Pln  Plastic  DIP  IP) 

38»C 

5.6mW7»C 

LCC  (RC) 

72°C 

7.8mvW°C 

2.  Absolute  ratings  apply  to  both  DICE  and  packaged  parts,  unless  otherwise 
noted. 


+25°  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

REF-02A/E 

TYP  MAX 

MIN 

REF-02/N 

TYP 

1 

MAX 

UNITS 

Output  Voltage 

v0 

lL  =  0 

4.885 

5.000 

5.015 

4.975 

5.000 

5.025 

V 

Output  Adjustment  Range 

4VWm 

Rp=10kfl 

±3 

±6 

±3 

±6 

% 

Output  Voltage  Noise 

Onc-p 

0.1Hz  to  10Hz  (Note  7) 

10 

15 

10 

15 

«Vo 

Line  Regulation  (Note  2) 

VIN  =  SVto33V 

0.008 

0.010 

0.006 

0.010 

%/v 

Load  Regulation  (Note  2) 

lL=0to10mA 

0.005 

0.010 

0.008 

0.010 

*/mA 

Tum-on  Settling  Time 

<ON 

To  ±0.1*  of  final  value 

5 

5 

** 

Quiescent  Supply  Current 

Isv 

No  Load 

1.0 

1.4 

1.0 

1.4 

mA 

Load  Current 

"l 

10 

21 

10 

21 

mA 

Sink  Current 

's 

(Note  6| 

-0.3 

-0.5 

-0.3 

-0.5 

mA 

Short-Circuit  Current 

'sc 

Vo=0 

30 

30 

mA 

Temperature  Voltage  Output 

VT 

(Note  3i 

630 

630 

mV 

ELECTRICAL  CHARACTERISTICS  at  VIN  =  +15V,  -55°  C  <  TA 
REF-02E  and  REF-02H,  lL  =  OmA,  unless  otherwise  noted. 

<+' 

125°C f or  REF-02A and  REF-02, 0° C <  Ta<  +70° C  for 

PARAMETER 

SYMBOL 

CONDITIONS 

REF-02A/E 

MIN       TYP  MAX 

MIN 

REF-02/H 

TYP 

MAX 

UNITS 

Ouput  Voltage  Change  with 
Temperature  (Notes  4, 5) 

AVOT 

0»C<TA<+70*C 

-ss^cs^s+ias'c 

0.02 
0.06 

0.06 
0.15 

0.07 
0.18 

0.17 
0.45 

% 

Output  Voltage 
Temperature  Coefficient 

TCV0 

(Note  6) 

3 

8.5 

10 

25 

ppm/*C 

Change  In  VQ  Temperature 
Coefficient  with  Output 
Adlustment 

Rp  =  10kfl 

0.7 

0.7 

ppm/% 

Line  Regulation 
(V,N  =  8to33V)(Nole2) 

0°CSTAS+70*C 
-SS'CSTaS+^C 

0.007 
0.009 

0.012 
0.015 

0.007 
0.009 

0.012 
0.015 

%/V 

Load  Regulation 
(lL  =  0to8mA)  (Note  2] 

0°CSTA<+7n»C 
-SS'C<JA<+12S°C 

0.006 
0.007 

0.010 
0.012 

0.007 
0.009 

0.012 
0.015 

K/mA 

Temperature  Voltage  Output 
Temperature  Coefficient 

TCVT 

(Note  3) 

2.1 

2.1 

mWC 

NOTES: 

1.  Guaranteed  by  design. 

2.  Line  and  Load  Regulation  specifications  include  the  effect  of  sett  heating. 

3.  Limit  current  in  or  out  of  pin  3  to  50nA  and  capacitance  on  pin  3  to  30pF. 

4.  AVqt  is  defined  as  the  absolute  difference  between  the  maximum  output 
voltage  end  the  minimum  output  voltage  over  the  specified  temperature 
range  expressed  as  a  percentage  of  5V. 


AVoT=[VM^yVt"N|x100 


5.  AVOT  specification  applies  trimmed  to  +  5.000V  or  untrimmed. 

6.  TCVD  is  defined  as  AV0T  divided  by  the  temperature  range,  i.e.. 

•Wot 

TCV0=   

°      70*  C 

7.  Sample  Tested. 

8.  During  sink  current  test  the  driver  meets  the  output  voltage  specified. 


3 

u 

2 
pj 

pi 

U4 
IX, 
UJ 

oC 

UJ 

i 
9 
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REF-02  +5V  PRECISION  VOLTAGE  REFERENCE/TEMPERATURE  TRANSDUCER 


ELECTRICAL  CHARACTERISTICS  at  VIN  = + 15V,  TA  =  25°  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

REF-02C 

TYP 

MAX 

MIN 

REF-02D 

TYP 

MAX 

UNITS 

Output  Voltage 

v0 

lL  =  0mA 

4.950 

5.000 

5.050 

4.900 

5.000 

5.100 

V 

Output  Adjustment  Range 

Rp  =  10kfl 

±2.7 

±6.0 

- 

±2.0 

±6.0 

— 

* 

Output  Voltage  Noise 

»np-p 

0.1Hz  to  10Hz  (Note  7) 

- 

12 

18 

- 

12 

— 

Line  Regulation  (Note  2) 

VIN  =  8Vto30V 

- 

0.009 

0.015 

- 

0.010 

0.04 

%/v 

Load  Regulation  (Note  2) 

lL  =  0to8mA 
!(.  =  0  to  4mA 

0.006 

0.015 

0.015 

0.04 

*/mA 

Turn-on  Settling  Time 

■on 

To  ±0.1%  of  final  value 

5 

5 

ps 

Quiescent  Supply  Current 

•sy 

No  Load 

1.0 

1.S 

1.0 

2.0 

mA 

Load  Current 

'l 

8 

21 

8 

21 

mA 

Sink  Current 

's 

I  Note  8) 

-0.3 

-0.5 

-0.3 

-0.5 

mA 

Short-Circuit  Current 

•sc 

v0=o 

30 

30 

mA 

Temperature  Voltage  Output  Vj  (Note  3)  —       630  —  —       630  —  mV 


ELECTRICAL  CHARACTERISTICS  at  V,N  =  +15V,  0°C  <  TA  <  +70° C  and  lL  =  0mA,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

REF-02C 

TYP 

MAX 

MIN 

REF-02D 
TYP 

MAX 

UNITS 

Ouput  Voltage  Change  with 
Temperature 

(Notes  4  and  5) 

0.14 

0.45 

0.49 

1.7 

* 

Output  Voltage 
Temperature  Coefficient 

TCV„ 

(Note  S) 

20 

65 

70 

250 

ppm/'C 

Change  In  V0  Temperature 
Coefficient  With  Output 
Adjustment 

Rp°10kn 

0.7 

0.7 

ppm/% 

Line  Regulation  (Note  2) 

V,N  =  8Vto30V 

0.011 

0.018 

0.012 

0.05 

%/V 

Load  Regulation  (Note  2) 

lL  =  Oto5mA  . 

0.008 

0.01S 

0.016 

0.05 

%/mA 

Temperature  Voltage  Output 
Temperature  Coefficient 

TCVT 

(Note  3) 

2.1 

2.1 

mWC 

NOTES: 

1.  Guaranteed  by  design. 

2.  Line  and  Load  Regulation  specifications  Include  the  effect  of  self  heating. 

3.  Limit  current  in  or  out  of  pin  3  to  SOnA  and  capacitance  on  pin  3  to  30pF. 

4.  AV0t  is  defined  as  the  absolute  difference  between  the  maximum  output 
voltage  and  the  minimum  output  voltage  over  the  specified  temperature 
range  expressed  as  a  percentage  of  5V. 

%=f^|xiD0 

5.  AVOT  specification  applies  trimmed  to  +5.000V  or  untrimmed. 

6.  TCV0  is  defined  as  AV0T  divided  by  the  temperature  range,  i.e.. 

■WOT 

tcvq=  

°  70'C 

7.  Sample  Tested. 

8.  During  sink  current  test  the  device  meets  the  output  voltage  specified. 
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REF-02  +5V  PRECISION  VOLTAGE  REFERENCE/TEMPERATURE  TRANSDUCER 


DICE  CHARACTERISTICS  (125°  C  TESTED  DICE  AVAILABLE) 


Si 

Mil 


DIE  SIZE  0.074  X  0.048  Inch,  3552  sq.  mils 
(1.88  X  1.22  mm,  2.29  sq.  mm) 


2.  INPUT  VOLTAGE  (V,N) 

3.  TEMPERATURE  TRANSDUCER 
OUTPUT  VOLTAGE  (TEMP) 

4.  GROUND 

5.  TRIM 

6.  OUTPUT  VOLTAGE  (V0UT) 


For  additional  DICE  ordering  Information,  refer 
to  1888  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  V|N =  +  15V,  TA  -  25°  C  f  or  REF-02N  and  REF-02G  devices;  TA=125°CforREF-02NT  and  REF-02GT 
devices,  unless  otherwise  noted.  (Note  3) 


REF-02NT 

REF-02N 

REF-02GT 

REF-02G 

PARAMETER 

SYMBOL 

CONDITIONS 

UMIT 

LIMIT 

LIMIT 

LIMIT 

UNITS 

4.975 

4.985 

4.950 

4.975 

VMIN 

Output  Voltage 

Vo 

lL  =  0 

5.02S 

5.015 

5.050 

5.025 

VMAX 

Output  Adjustment 
Range 

vtrlm 

Rp=10kn 

±3 

±3 

%MIN 

Une  Regulation 

V,N  =  8Vto33V 

0.015 

0.01 

0.015 

0.01 

«/VMAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  In  assembly  methods  and  normal  yield  loss,  yield  after  packaging  Is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  VIN  =  +15V,  TA  =  +25° C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

REF-02NT 

TYPICAL 

REF-02N 

TYPICAL 

REF-02GT 
TYPICAL 

REF-02G 

TYPICAL 

UNITS 

Temp.  Voltage  Output 

Vt 

(Notes  1. 2) 

630 

630 

630 

630 

mV 

Temp.  Voltage  Output 
Temp.  Coefficient 

TCVT 

(Notes  1.2) 

2.1 

2.1 

2.1 

2.1 

mW*C 

Output  Voltage 
Temp  Coefficient 

TCVC 

10 

10 

10 

10 

ppm/°C 

Load  Regulation 

lL  =  0to10mA 

lL  =  0  to  8m  A,  NT,  QT  @ + 125*  C 

0.007 

0.005 

0.009 

0.008 

%/mA 

Output  Voltage  Noise 

»np-p 

0.1Hzto10Hz 

10 

10 

10 

10 

*Vp 

Turn-On  Settling 
Time 

<on 

To±0.1%olllnal 
value,  NT,  GT@+12S"C 

7.5 

5.0 

7.5 

5.0 

MS 

Quiescent  Supply  Current 

■sy 

NO  Load,  NT,  GT@+125*C 

1.4 

1.0 

1.4 

1.0 

mA 

Load  Current 

■l 

21 

21 

21 

21 

mA 

Sink  Current 

Is 

-0.5 

-0.5 

-0.5 

-0.5 

mA 

Short-Circuit  Current 

'so 

Vo  =  0 

30 

30 

30 

30 

mA 

NOTES; 

1.  See  AN-18  for  detailed  REF-02  thermometer  applications  information. 

2.  Limit  current  in  or  out  ol  pin  3  to  50n  A  and  capacitance  on  pin  3  to  30pF. 

3.  For+25-C  specifications  of  REF-02NTand  REF-02GT,  see  REF-02N  and 
REF-02G  respectively. 


CO 
UA 
U 

2 

UJ 

PL) 

OS 

UJ 

I 

O 
> 
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REF-02  45V  PRECISION  VOLTAGE  REFERENCE/TEMPERATURE  TRANSDUCER 


OUTPUT  ADJUSTMENT 

The  REF-02  trim  terminal  can  be  used  to  adjust  the  output 
voltage  over  a  SV  ±300mV  range.  This  feature  allows  the 
system  designer  to  trim  system  errors  by  setting  the  refer- 
ence to  a  voltage  other  than  SV.  Of  course,  the  output  can  also 
be  set  to  exactly  5.000V  or  to  S.12V  for  binary  applications. 

OUTPUT  ADJUSTMENT  CIRCUIT 


•  16V 


3— i 

REF-02 

TEMP  TRIM 
CND 

6 

5       n  ■ 

;t<*n 

Adjustment  of  the  output  does  not  significantly  affect  the 
temperature  performance  of  the  device.  Typically,  the  tem- 
perature coefficent  change  is  0.7ppm/°  C  for  100mV  of  output 
adjustment. 


BURN-IN  CIRCUIT 


r 

vim 


REF-02 
QUO 

O  -isv 


TYPICAL  PERFORMANCE  CHARACTERISTICS 
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REF-02  +5V  PRECISION  VOLTAGE  REFERENCE/TEMPERATURE  TRANSDUCER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


MAXIMUM  LOAD  CURRENT 
vs  INPUT  VOLTAGE 


SHORT 

CIRCUIT  PR 

OTECTION 

AXIMUM 
ION 

— 

OISSIPA' 

Ta-2S-C 

tO  15  20 

INPUT  VOLTAGE  (VOLTS! 


NORMALIZED  LOAD 
REGULATION  (AIL  =  10mA) 
vs TEMPERATURE 


V|K 

-If 

V 

a 


E  1.0 


NORMALIZED 
LINE  REGULATION 
vs  TEMPERATURE 


7 

y 

0  20  40  60  60  TOO  120  140 
TEMPERATURE  l°CI 


-60-40  -20     0    20    40    60    80    100  120  140 
TEMPERATURE  <"C) 


LINE  REGULATION 
vs  SUPPLY  VOLTAGE 


ZS'C 

MAXIMUM  LOAD  CURRENT 
vs TEMPERATURE 


I- 

|  20 

I- 

a ,0 


'in  ■ 

16V 

1.3 

S  i.i 

ec 

K 

3  1.0 

8  oo 


QUIESCENT  CURRENT 
vs TEMPERATURE 


' — 

vm 

-  is 

v  ■ 

S  10  IS  20  25  30 

INPUT  VOLTAGE  (VOLTSI 


-40-40  -20     0    20    40    60    60  100  120  140 
TEMPERATURE  TCI 


-60-40  -20     0    20    40    60    80  100  120  140 
TEMPERATURE  CC) 


TYPICAL  APPLICATIONS 

±5V  REFERENCE  ±2.SV  REFERENCE 
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REF-02  +5V  PRECISION  VOLTAGE  REFERENCE/TEMPERATURE  TRANSDUCER 


PRECISION  TEMPERATURE  TRANSDUCER  WITH  REMOTE  SENSOR 


REF-C2 
TRIM 


-VA — 


WW1 


*  UP  TO  10  PUT  OF  SHSEIDCD 
4-C0N0UCT0RCABLC 


9 

£0  J- 


RESISTOR  VALUES 

TCVour  SLOPE  <S) 

10mWC 

VOOmWC 

10m  WF 

TEMPERATURE 
RANGE 

-SS'Cto 
+12S"C 

-SS'Cto 
+12S«C 

-67*Fto 
+257*0 

OUTPUT  VOLTAGE 
RANGE 

-0.55V  to 
+1.2SV 

-5.5V  to 
+1Z5V 

-0.67V  to 
+2.57V 

ZERO-SCALE 

0V@0"C 

w@o*c 

0V@0*F 

Ra  (±  1%  resistor) 

9.09kn 

15kn 

7.5kO 

Rb1  (±  1%  resistor) 

i.5kn 

1.82kfl 

1.21  Ml 

Rw  (Potentiometer) 

20on 

soon 

20on 

Rc(±1%  resistor) 

s.nkn 

84.5kCl 

8.2Skf) 

'For  125° C  operation,  the  op  emp  output  must  be  able  to  swing  to  +  12.5V. 
Increase  VIN  to + 18V  from  +1SV  If  this  is  a  problem. 


TYPICAL  TEMPERATURE  VOLTAGE 
OUTPUT  vs  TEMPERATURE  (REF-02A) 


f 710 


Sao 


-  IS 

t 

-40-40-40    0    20   40    60    80   130  120 1*0 
TEMPERATURE  [*CI 


REFERENCE  STACK  WITH  EXCELLENT  LINE 
REGULATION 

Two  REF-01  s  and  one  REF-02  can  be  stacked  to  yield  5.000V, 
15.000V  and  25.000V  outputs.  An  additional  advantage  of  this 
circuit  is  near-perfect  line  regulation  of  the  5.0V  and  15.0V 
outputs.  A  27V  to  55V  input  change  produces  an  output 
change  which  is  less  than  the  noise  voltage  of  the  devices.  A 
load  bypass  resistor  (RB)  provides  a  path  for  the  supply 
current  (lSy)  of  the  15.000V  regulator. 
In  general,  any  number  of  REF-01's  and  REF-02's  can  be 
stacked  this  way.  For  example,  ten  devices  will  yield  ten 
outputs  in  5V  or  10V  steps.  The  line  voltage  can  range  from  100V 
to  130V.  However,  care  must  be  taken  to  ensure  that  the  total 
load  currents  do  not  exceed  the  maximum  usable  current 
(typically  21mA). 


TEMPERATURE  CONTROLLER 


OV»  112  TO  32V) 


NOTES: 

1.  REF-02  SHOULD  BE  THERMALLY  CONNECTED 
TO  SUBSTANCE  BEING  HEATED. 

2.  NUMBERS  IN  PARENTHESES  ARE  FOR  A 
SETPOINT  TEMPERATURE  OF  60*C. 

1  R3-R11R2IRS 


TRIM 
GND 


JS.0OOV 
 O 


TRIM 

GND 


1&000V 
 O 


V|N 


v0  ■ 


TRIMp 
OND 


5.000V 
 O 
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REF-02  +5V  PRECISION  VOLTAGE  REFERENCE/TEMPERATURE  TRANSDUCER 


PRECISION  CURRENT  SOURCE 

A  current  source  with  35V  output  compliance  and  excellent 
output  impedance  can  be  obtained  using  this  circuit.  REF-02 
(|) keeps  the  line  voltage  and  power  dissipation  constant  in 
device  (?) ;  the  only  important  error  consideration  at  room 
temperature  is  the  negative  supply  rejection  of  the  op  amp. 
The  typical  3pV/V  PSRR  of  the  OP-02E  will  create  a  20ppm 
change  (3jiV/V  x  35V/SV)  in  output  current  over  a  35V  range. 
For  example,  a  5mA  current  source  can  be  built  (R  =  1  kfl) 
with  350MO  output  impedance. 


35V 

R°~  20x10-8X5mA 


CURRENT  SINK 


»IN 

b 

REF-02 

© 
GND 


vl 
REF-02 

© 


RC  -  10"°SEC 


CURRENT  SOURCE 


V,N 

6 

*o 

REF-02 

)  1 

TRIM 

5  0  < 

G 

4 

•out 

R 

[TRIM  FOR 
CALIBRATION! 


Vg-OTO  35V 
 O 


D/A  CONVERTER  REFERENCE 


i  R    lour  ■  ™ 


VOLTAGE  COMPLIANCE:  -2SV  TO  «SV 


PV*        V-      Cc  VlC/ 
.  i  H  1  ^ 


♦15V  -I5V 


±3V REFERENCE 


1*7.1 
L. 


VlN 
VOOT 
REF-02MJ 

GND 


-O  Vol')  ■  '3.0V 


-OVol-l  -  -3.0V 


SUPPLY  BYPASSING 

For  best  results,  it  is  recommended  that  the  power  supply  pin 
is  bypassed  with  a  0.1  liF  disc  ceramic  capacitor. 
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FEATURES 

 45V  to  33V 

•  Low  Cost 

ORDERING  INFORMATION t 

OPERATING 

TEMPERATURE 

PLASTIC  PACKAGE 

RANGE 

REF03GP 

COM 

REF03GStt 

COM 

t  Bum-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip,  and  TO-ean  packages.  For  ordering  information,  see 
1988  Data  Book,  Section  2. 
tt  For  availability  and  bum-in  Information  on  SO  and  PLCC  packages,  contact 
your  local  sates  office. 


REF-03 

+2.5V  LOW-COST  PRECISION 
VOLTAGE  REFERENCE 

PRELIMINARY 

GENERAL  DESCRIPTION 

The  REF-03  precision  voltage  reference  providesastable+2.5V 
output,  with  minimal  change  for  variations  in  supply  voltage, 
ambient  temperature  or  loading  conditions.  Single-supply 
operation  over  an  input  voltage  range  of  44.5V  to  +33V  with  a 
current  drain  of  1  mA  and  good  temperature  stability  is  achieved 
using  an  improved  bandgap  design.  Primarily  targeted  at  price- 
sensitive  applications,  the  REF-03  is  available  in  plastic  mini- 
dips  and  surface-mountable  small  outline  plastic  packages.  For 
Improved  performance,  see  REF-43. 

PIN  CONNECTIONS 


M.C.  fT 

7]  N.C. 

8-PIN  PLASTIC  DIP 

»™E 

T|N.C. 

(P-Sufflx) 

N.C.  [T 

I]»OUT 

S-PINSO 

GROUND 

7]  trim 

(S-Sutftx) 

SIMPLIFIED  SCHEMATIC 


This  preliminary  product  Information  Is  based  on  testing  of  a  limited  number  of  devices.  Final  specifications  may  vary.  Please  contact  local  sales 
office  or  distributor  for  final  data  sheet 
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REF-03  +15V  L0W-C08T  PRECI8I0N  REFERENCE  —  PRELIMINARY 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 


Supply  Voltage  40V 

Internal  Power  Dissipation  (Note  2)   SOOmW 

Output  Short-Circuit  Duration  Indefinite 

Operating  Temperature  Range 

REF-03G  (P,  S)  0°C  to  +70°C 

Storage  Temperature  Range  -65°C  to  +175°C 

Junction  Temperature  Range  -6S°C  to  +175°C 

Lead  Temperature  (Soldering,  10  sec)  300°C 


NOTES: 

1.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parta,  unless 
otherwise  noted. 

2.  See  table  tor  maximum  ambient  temperature  and  rating. 


MAXIMUM  AMBIENT 

DERATE  ABOVE 

PACKAGE 

TEMPERATURE 

MAXIMUM  AMBIENT 

TYPE 

FOR  RATING 

TEMPERATURE 

8-Pin  Plastic  DIP  (P) 

62°C 

5.«mW/'C 

ELECTRICAL  CHARACTERISTICS  at  V,N  =  +5V,  TA  =  25"C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONOITIONS 

MIN 

REF-03G 

TYP 

MAX 

UNITS 

Output  Voltage 

No  Load 

2.485 

2.SO0 

2.515 

V 

Output  Adjustment  Range 

Rpot  " 10kn 

±3.0 

±3.3 

* 

Output  Voltage  Noise 

8»p-p 

0.1Hz  to  10Hz 

S 

7.S 

Line  Regulation 

VIN  =  +4.5Vto+33V 

0.006 

0.010 

«/v 

Load  Regulation 

lL  =  0mA  to  10mA 

0.006 

0.010 

%/mA 

Turn-On  Settling  Time 

■on 

To  ±0.1%  ol  Final  Value 

S 

Quiescent  Supply  Current 

ISY 

No  Load 

1.0 

1.4 

mA 

Load  Current  (Sourclng) 

lL 

10 

21 

rtiA 

Load  Current  (Sinking) 

's 

-0.3 

-0.5 

mA 

Short-Circuit  Output  Current 

'sc 

Output  Shorted  to  Ground 

30 

mA 

Output  Voltage  Tempo© 

TCV0 

0*C<TAS70°C 

20 

65 

ppm/°C 

o 
> 


10 
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REF-05 

+5V  PRECISION  VOLTAGE  REFERENCE 
(GUARANTEED  LONG-TERM  STABILITY) 


FEATURES 

•  5  Volt  Output 

•  Guaranteed  Long-Term  Stability 

  100ppm/1000  Hrs  Max 

•  Excellent  Temperature  Stability   8.5ppm/°C  Max 

•  Low  Noise   15/iVp.pMax 

•  Low  Supply  Current   1.4mA  Max 

•  Wide  Input  Voltage  Range   7Vto40V 

•  High  Load-Driving  Capability   20mA 

•  Short-Clrcuit  Proof 

•  Processed  Per  MIL-STD-883 

PIN  CONNECTIONS  &  ORDERING  INFORMATION 


N.C. 

S 

N.C.  1 

7  N.C. 

TO-99  (J-Sulfix) 

VIN20 

Osvour 

REF-05AJ/883 

REF-05BJ/883 

TEMP  3*" 

^> 

5  TRIM 

4 

GROUND 

CASE 

GENERAL  DESCRIPTION 

The  REF-05  precision  voltage  reference  provides  a  stable  +5V 
output  which  can  be  adjusted  over  a  ±6%  range  with  minimal 
effect  on  temperature  stability.  Long-term  drift  is  guaranteed 


at  100ppm/1000  hrs.  maximum.  Single-supply  operation  over 
an  input  voltage  range  of  7V  to  40V,  low  current  drain  of  1  mA, 
and  excellent  temperature  stability  are  achieved  with  an 
improved  bandgap  design.  Low  cost,  low  noise,  and  low  power 
make  the  REF-05  an  excellent  choice  whenever  a  stable 
voltage  reference  is  required.  Applications  include  D/A  and 
A/D  converters,  portable  instrumentation,  and  digital  volt- 
meters. The  versatility  of  the  REF-05  is  enhanced  by  its  use  as 
a  monolithic  temperature  transducer.  For  +10V  Precision 
Voltage  References  see  the  REF-10  data  sheet. 

LONG-TERM  DRIFT  PLOT  (Average  of  20  Devices) 


EF-0 

S 

- — 

a    so    iM  im   i<o   ico  iso 

DAYS  ELAPSED 


SIMPLIFIED  SCHEMATIC 


~06  OS  T 

7*  £ 
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REF-OS  +SV  PRECISION  VOLTAGE  REFERENCE 


ABSOLUTE  MAXIMUM  RATINGS 

Input  Voltage 

REF-05A,  B    40V 

Power  Dissipation  (see  note)    SOOmW 

Output  Short-Circuit  Duration 

(to  Ground  or  V|N)    Indefinite 


Storage  Temperature  Range   -65°Cto+150°C 

Lead  Temperature  (Soldering,  60  sec)   300° C 

Operating  Temperature  Range 

REF-05A,  REF-05B    -55°C  to +125°C 

NOTE:  Derate  at  7.1mW/°C  above  80° C  ambient  temperature  for  TO-99  (J) 
package. 


ELECTRICAL  CHARACTERISTICS  at  V,M  =  +  15V,  TA  =  25°  C.  unless  otherwise  noted. 


REF-05A 

REF-05B 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Output  Voltage 

Vo 

lL  =  0 

4.385  5.0 

5.015 

4.975 

5.0 

5.025 

V 

Output  Adjustment  Range 

Rp=10k(l 

±3  ±6 

±3 

±6 

* 

Output  voltage  Noise 

0.1Hz  to  10H2  (Note  1) 

-  10 

15 

10 

15 

Long-Term  Stability 

(NoteD 

-  65 

100 

65 

100  ppm/lkHrs 

Line  Regulation  (Note  2) 

VlN  =  8Vto33V 

—  0.006 

0.010 

0.008 

0.010 

%/v 

Load  Regulation  (Note  2) 

lL  =  0to10mA 

-  0.005 

o.oto 

0.006 

0.010 

%/mA 

Tum-On  Settling  Time 

ton 

To  ±0.1*  of  final  value 

-  5 

5 

ps 

Quiescent  Supply  Current 

'SY 

No  Load 

-  1 

1.4 

1 

1.4 

mA 

Load  Current 

'l 

10  21 

10 

21 

mA 

Sink  Current 

's 

(Note  71 

-0.3  -O.S 

-0.3 

-0.5 

mA 

Short-Circuit  Current 

he 

Vo  =  0 

15  30 

60 

15 

30 

60 

mA 

Temperature  voltage  Output 

VT 

(Note  3) 

—  630 

630 

mV 

ELECTRICAL  CHARACTERISTICS  at  V,N  =  +15V,  -55° C  <  TA  <  +  125°  C  and 

L  =  0mA,  unless  otherwise  noted. 

REF-05A 

REF-0SB 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Output  Voltage  Change  with 
Temperature  (Notes  4  4  5) 

AVOT 

-55*C<TA£  +  125°C 

—  0.06 

0.15 

0.18 

0.45 

% 

Output  Voltage 
Temperature  Coefficient 

TCV0 

(Note  6) 

—  3 

8.5 

10 

25 

ppm/"C 

Change  in  V0  Temperature 

Coefficient  with  Output 

Rp=10kll 

—  0.7 

0.7 

ppm/% 

Adjustment 

Line  Regulation 
(V1N  =  6Vto33V)  (Note  2) 

-55,CSTAS  +  125,C 

—  0.009 

0.015 

0.009 

0.015 

wv 

Load  Regulation 
(tL=0toBmA)(Note2) 

-SSoCSTaS+IZS'C 

—  0.007 

0.012 

0.009 

0.015 

%/mA 

Temperature  Voltage  Output 
Temperature  Coefficient 

TCVT 

(Note  3) 

-  2.1 

2.1 

mWC 

Quiescent  Supply 
Current 

Isy 

No  Load 

-  1.6 

2.0 

1.6 

2.0 

mA 

u 
z 

UJ 

pc5 

UJ 
IX, 
UJ 

pc5 

UJ 

i 

o 
> 


NOTES: 

1.  Sample  tested.  Long-term  stability  is  tested  with  power  applied 
continuously. 

2.  Line  and  Losd  Regulation  specifications  include  the  effect  of  self  heating. 

3.  Limit  current  In  or  out  of  pin  3  to  50nA  and  capacitance  on  pin  3  to  30pF. 

4.  AV0t  defined  as  the  absolute  difference  between  the  maximum  output 
voltage  and  the  minimum  output  voltage  over  the  specified  temperature 
range  expressed  as  a  percentage  of  SV. 

iVoT=|w^, 


5.  AVqt  specification  applied  trimmed  to  +5V  or  untrimmed. 

6.  TCV0  is  defined  as  AV0T  divided  by  the  temperature  range,  i.e., 

tcv  -  aVot 
TCV°"  180=0 

'  7.  During  sink  current  test  the  device  meets  the  output  voltage  specified. 


Mx  100 
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REF-OS  +SV  PRECISION  VOLTAGE  REFERENCE 


OUTPUT  ADJUSTMENT 

The  REF-05  trim  terminal  can  be  used  to  adjust  the  output 
voltage  over  a  SV  ±300mV  range.  This  feature  allows  the 
system  designer  to  trim  system  errors  by  setting  the  refer- 
ence to  a  voltage  other  than  SV.  Of  course,  the  output  can  also 
be  set  to  exactly  SV  or  to  5.12V  for  binary  applications. 


Adjustment  of  the  output  does  not  significantly  affect  the 
temperature  performance  of  the  device.  Typically  the  tem- 
perature coefficient  change  is  0.7ppm/°C  for  100mV  of 
output  adjustment. 


OUTPUT  ADJUSTMENT  CIRCUIT 


BURN-IN  CIRCUIT 


TYPICAL  PERFORMANCE  CHARACTERISTICS 
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 p^^REF-05  +5V  PRECISION  VOLTAGE  REFERENCE 

PRECISION  TEMPERATURE  TRANSDUCER  WITH  REMOTE  SENSOR 


REF-05 

TRIM  - 


.  1.5k,  IS* 
TEMP  I- — WV~ 


X 


*  UP  TO  10  FEET  OF  SHIELDED 
4-COKDUCTOR  CABLE. 


RESISTOR  VALUES 

TCVqut  SLOPE  IS) 

10mWC 

100mWC 

10m  W'F 

TEMPERATURE 
RANGE 

-55*0  to 
+  125*0 

-55*Cto 
+  125*0 

-87"  Flo 
+257'F 

OUTPUT  VOLTAGE* 
RANGE 

-0.55V  to 
+ 1.25V 

-5.5V  to 
+ 12.5V 

-0.87V  to 
+2.57V 

ZERO-SCALE 

ovocc 

0V@0*C 

0V@fTF 

Ral±1«  resistor) 

9.09kO 

15kfl 

7.5kn 

H01  |±1%  resistor) 

1.5k(l 

1.82kO 

1.21  Ml 

Rbp  (Potentiometer) 

200n 

soon 

200(1 

Rc{±1ttraslstorl 

snkn 

84.5M1 

B.25kfi 

'For  12S*C  operation,  the  op  emp  output  must  be  sbte  to  swing  to  +  12.5V; 
Increase  V,N  to  +  18V  from  +  15V  if  necessary. 


TYPICAL  TEMPERATURE  VOLTAGE 
OUTPUT  vs  TEMPERATURE  (REF-05A) 


>  780 
|  730 
§  630 
S  630 

5  sso 

£  530 


-  IS 

-GO  -«0  -20    0     20    40    GO    B0    100  120  1*0 
TEMPERATURE  CO 


REFERENCE  STACK  WITH  EXCELLENT 
LINE  REGULATION 

Two  REF-10's  and  one  REF-05  can  be  stacked  to  yield  5V,  15V 
and  25V  outputs.  An  additional  advantage  is  near-perfect  line 
regulation  of  the  5V  and  15V  outputs.  A  27V  to  55V  input 
change  produces  an  output  change  which  is  less  than  the 
noise  voltage  of  the  devices.  A  load  bypass  resistor  (Rg) 
provides  a  path  for  the  supply  current  (Isv)  of  the  15V 
regulator. 

In  general,  any  number  of  REF-10's  and  REF-05's  can  be 
stacked  this  way.  For  example,  ten  devices  will  yield  ten 
outputs  in  5V  or  10V  steps.  The  line  voltage  can  range  from 
100V  to  130V,  however,  care  must  be  taken  to  ensure  that  the 
total  load  currents  do  not  exceed  the  maximum  usable 
current  (typically  21mA). 


ft 
U 

2 
w 
at 

UA 

w 
w 

(J 

o 
> 


TEMPERATURE  CONTROLLER 


NOTES: 

1.  REF-02  SHOULD  BE  THERMALLY  CONNECTED 
TO  SUBSTANCE  BEING  HEATED. 

2.  NUMBERS  IN  PARENTHESES  ARE  FOR  A 
SETPOINT  TEMPERATURE  OF  S0*C. 

3.  R3-R1UR2IR& 


v0 


TRIM 
GND 


TRIM|- 
QNO 


TRIM|- 
□ND 
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REF-05  +5V  PRECISION  VOLTAGE  REFERENCE 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


MAXIMUM  LOAD  CURRENT 
vs  INPUT  VOLTAGE 


SHORT 

CIRCUIT  PR 

OTECTION 

AXIMUM 
ION 

OCSSCPA1 

Ta-^C 

NORMALIZED  LOAD 
REGULATION  (AIL=  10mA) 
vs  TEMPERATURE 


o 

o  i.o 

vt 
cc 

9  as 
o 

0.7 


-  1! 

V 

NORMALIZED 
LINE  REGULATION 
vs  TEMPERATURE 


INPUT  VOLTAGE  (VOLTS) 


0  20  40  60  60  100  120  140 
TEMPERATURE  l°CI 


-60  -40  -20    0    20    40    60    80   100  120  T40 
TEMPERATURE  fCI 


LINE  REGULATION 
vs  SUPPLY  VOLTAGE 


Z6*C 

MAXIMUM  LOAD  CURRENT 
vs  TEMPERATURE 


f  » 
i 

ui  20 

cc 
te 
3 

x  io 

X 

3  5 


'IN  • 

15V 

-60-40  -20  0 


INPUT  VOLTAGE  (VOLTS) 


20  40  60  80  100  120  140 
TEMPERATURE  CO 


I" 

1  '•' 

s 
c 

3  io 
z 

8  0.9 


QUIESCENT  CURRENT 
vs  TEMPERATURE 


VlN 
_l 

■  15 

u 

V 

-60  -*0  -20     O    »    40    SO    80  100  120  140 
TEMPERATURE  CO 


TYPICAL  APPLICATIONS 
±5V  REFERENCE 


±2.5V  REFERENCE 


V0».*2iV 

o 


VREF-6V 
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REF-OS  +5V  PRECISION  VOLTAGE  REFERENCE 


PRECISION  CURRENT  SOURCE 

A  current  source  with  35V  output  compliance  and  excellent 
output  impedance  can  be  obtained  using  this  circuit.  REF-05 
@  keeps  the  line  voltage  and  power  dissipation  constant  in 
device®;  the  only  important  error  consideration  at  room 
temperature  is  the  negative  supply  rejection  of  the  op  amp. 
The  typical  3/iV/V  PSRR  oi  the  OP-02E  will  create  a  20ppm 
change  (3jiV/V  x  35V/5V)  in  output  current  over  a  35V  range. 
For  example,  a  5mA  current  source  can  be  built  (R  =  1kfi) 
with  350Mfi  output  impedance. 

35V 

0  20x10_6X5mA 


CURRENT  SINK 


0 

REF-05 

© 
GNO 


ref-os 
© 

GND 


n 


(TRIM  FOR 
CALIBRATION) 


VG  -  0  TO  35V 


1 


IN 

vO 

REF-OS 

TRIM 
OND 


6 
-16V 

VOLTAGE  COMPLIANCE:  -SV  TO  2SV 


BATTERY-OPERATED  D/A  CONVERTER  REFERENCE 


>640U1  >B.OCkn 


61  B2  B3  B4  B5  B6  B7  fl 


'Rl-I 

V*        V-      CC  VLCj 


-OE02 


u 

2 

pS 

1 

o 
> 


D/A  CONVERTER  REFERENCE 


CURRENT  SOURCE 


REF-05 
TRIM 
GAID 


OUT 

VOLTAGE  COMPLIANCE:  -25V  TO  *SV 


SUPPLY  BYPASSING 

For  best  results,  it  is  recommended  that  the  power  supply  pin 
is  bypassed  with  a  0.1 /iF  disc  ceramic  capacitor. 


Pv«      v-     cc  vlc/ 


B1 

B2 

B3 

B4 

BB 

BB 

B7 

B8 

E 

POS.  FULL-SCALE  -1  LSB 

1 

1 

1 

1 

1 

1 

1 

1 

+4.960 

ZERO-SCALE 

1 

0 

0 

0 

0 

0 

0 

0 

0.000 

NEG.  FULL-SCALE  +1  LSB 

0 

0 

0 

0 

0 

0 

0 

1 

-4.960 

NEG.  FULL-SCALE 

0 

0 

0 

0 

0 

0 

0 

0 

-5.000 
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Precision  Monolithics  Inc. 


REF-08 

NEGATIVE  10V/10.24V 
VOLTAGE  REFERENCE 

ADVANCE  PRODUCT  INFORMATION 


FEATURES 

•  Pin  Selectable  -10V  or  -10.24V  Output 

•  No  Trim  Required  (or  Moat  8-Bit  and  10-Bit  Applications 

•  Suitable  for  12-BII  Systems 

•  Low  Initial  Tempco   10ppm/°C  Max 

•  Low  Adjustment  Tempco   0.04ppm/°C/mV 

ol  Adjustment  Typ 

•  Wide  Input  Voltage  Range  -114V  to -36V 

•  Initial  Accuracy  ±20mV  Max 

•  10mA  Min  Output  Current 

•  Wide  3%  Output  Adjustment  Range 

GENERAL  DESCRIPTION 

The  REF-08  is  a  series  regulation,  negative  voltage  reference 
with  pin  selectable  output  voltage.  Its  low  temperature  co- 
efficient, low  noise,  and  selectable  output  make  it  an  ideal 
reference  for  A/D  converters  such  as  the  ADC-908  or  the  PM- 
7574.  At  8  bits  of  resolution,  the  REF-08  is  accurate,  untrimmed, 
to  within  ±1/2  LSB  Max.  At  10  bits,  the  error  is  only  2  LSB  Max. 
The  REF-08  is  also  well  suited  for  CMOS  DAC  applications 
where  a  positive  output  voltage  is  desired. 

Applications  with  8-bit  and  10-bit  accuracy  will  typically  be  able 
to  use  the  REF-08  without  trimming  its  output  voltage.  This  is 
particularly  true  of  CMOS  DACs  with  low  gain  errors  such  as 
the  DAC-8408  and  PM-7S28. 

Higher  accuracy,  12-bit  applications  may  require  trimming,  but 
Uete  \he  very  low  temperature  coefficients  of  the  REF-08  will 


allow  excellent  accuracy  to  be  maintained  over  a  broad  range  of 
temperatures. 

Leaving  the  SELECT  pin  open  will  result  in  a  -10V  output. 
Grounding  SELECT  will  produce  a  -10.24V  output  (i.e.  -10mV 
per  10-bit  LSB)  that  is  ideal  for  binary  applications. 

A  3%  adjustment  range  is  available  with  the  REF-08  which 
exhibits  a  tight  0.04ppm/°C/mV  of  adjustment  temperature 
coefficient.  In  many  applications,  the  combined  tempcos  of  an 
adjusted  REF-08  will  be  superior  to  more  expensive  precision 
references  with  tighter  initial  tempcos  but  greater  changes  with 
adjustment. 

The  REF-08  has  been  designed  to  operate  from  a  "worst  case" 
-12V  power  supply  (-11.4V).  This  low  dropout  voltage  makes 
the  best  of  the  poor  supply  regulation  in  some  digital  systems. 
Its  10mA  output  current  capability  and  unloaded  supply  current 
of  only  2mA  provide  better  power/performance  than  most 
traditional  op  amp  inverter  circuits. 

PIN  CONNECTIONS 


VoutLT 

JjTRtM 

RC.E 

N.C.[T 

SELECT  [T 

JJOHO 

SIMPLIFIED  SCHEMATIC 


^  <J>TRIM 


<P 


-* — ov„ 


VM(-1UVU-36V) 


CLOSE  SW1  TO  INCREASE 
VoutTO-10J4» 


This  advance  product  Information  describes  a  product  In  development  at  the  time  of  this  printing.  Final  specifications  may  vary.  Please  contact  local 
sales  office  or  distributor  for  final  data  sheet 
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REF-08  NEGATIVE  10V/1O24V  VOLTAGE  REFERENCE  —  ADVANCE  INFORMATION 


ABSOLUTE  MAXIMUM  RATINGS 

Input  Voltage   +0.3V  to  -36V 

Output  Voltage   +0.3V  to  V,N  -0.3V 

Power  Dissipation   SOOmW 

Output  Short-Circuit  Duration 

(to  Ground  or  V!N)  30  seconds 

Operating  Temperature  Ranges   -55°C  to  +125°C, 

-40°C  to  +85°C, 
0°C  to  +70-C 


Storage  Temperature  Range 

Z  Package  -65°C  to  +150"C 

S,  P  Packages  -65°C  to  +125°C 

Lead  Temperature  (Soldering,  60  sec)  300°C 


ELECTRICAL  CHARACTERISTICS  at  VIN= 
otherwise  noted. 


-15V,  RL=2kfl  to  ground,  Ta=+25°C,  SELECTand  TRIM  inputs  unconnected,  unless 


PARAMETER 

SYMBOL 

CONDITIONS 

REF-OSA/G  UNITS 

Output  Voltage 

v0 

No  Load,  SELECT  Floating 

-10.020 
-9.9S0 

VMIN 
VMAX 

Output  Voltage 

No  Load,  SELECT  =  GND 

-10.270 
-10.210 

VMIN 
V  MAX 

Line  Regulation 

V,N  = -11.4V  to -16.5V 
tmin^TaSTmax 

±10 

ppm/V  MAX 

Load  Regulation 

Load  Current  =  0mA  to  10mA 
TminS^ST^uui 

±10 

ppm/mA  MAX 

Output  Voltage  Temperature  Coefficient 

tcv0 

Average  Over  Temperature 

+10 

ppm/"C  MAX 

Output  Nolae 

eNRUS 

10H2  to  1kHz  (sampled) 

20 

cVrmsMAX 

Output  Current  (Sink) 

'out 

V,N  = -11.4  to -16.5V 
Tmin  —  Ta — Tmax 

-20 

mAMIN 

Output  Current  (Source) 

'out 

V,N  =  -11.4  to  -16.SV 
Tmin  ^  TA£  Tmaj, 

0.2 

mAMIN 

Quiescent  Supply  Current 

'SY 

No  Load 

2.0 

mAMAX 

Output  Adjustment  Voltage  Range 

Vthim 

RTWM  =  1°l<n 

±3 

%TYP 

TCV0  Change  with  Adjustment 

Rtbim=1<*I1 

±0.04 

ppm/°C/mV  of 
Adjustment  TYP 

UJ 

CJ 

2 
ul 
oC 
ui 

o£ 

1 

O 
> 
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HEF-08  NEGATIVE  10W10.24V  VOLTAGE  REFERENCE  -  ADVANCE  INFORMATION 


TYPICAL  APPLICATIONS 


FIGURE  1:  —10V  Reference  for  8-Bit  CMOS 
Analog-to-Digilal  Converter 


FIGURE  2:  ±10V  Reference 


o 


voyr 


TRIM 
OKO 


T<U""F  O-ll 

I  SIGNAL 


SIGNAL 
INPUT 
0V  TO  -t-ttV 


T 


V00  DOND 


AOC-S08 


GROUND  INTEBTIg 


DIGITAL 
GROUND 


ANALOG 

GROUND 


NOTE:  R1  MAY  BE  ADDED  IF  ADC  GAIN  ERROR  TRIM  IS  REQUIRED 


"OUT 

HEF-CJ 
SELECT 

TRIM 

GND 


10M1 

-V^A — i 


5hXl 
-VW- 


NOTE:  FOR  ilOV  OUTPUTS.  SELECT  (PIN  4)  IS  LEFT  FLOATING. 


FIGURE  3:  8-Bit  Resolution.  Dual  Output  "No-Trim"  DAC  with  0V  to  +10V  and  0V  to  -10V  Outputs 


-13* 

1 


FROM 
CONTROLLING 

MP  +1SV 


CONTROL  LOGIC 
AND  DATA  BUFFERS 


IE 


"mtG  I 


NOTE:  CLOSINO  SW1  INCREASES  VAEF  TO  -W.24V  GIVING  A 

CIRCUIT  OUTPUT  OF  +40mV  PER  BIT  OF  DIGITAL  CODE. 


n«A 


R,„8 


1  I 


0V  TO  *  10V 


0V  TO  -tOV 
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REF-08  NEGATIVE  10V/10.24V  VOLTAGE  REFERENCE  —  ADVANCE  INFORMATION 


FIGURE  4: 10-Bit  CMOS  DAC  with  OV  to  +10V  Output 


4 

j  8W1 


1 


CONTROLUKG 


»OUT 


NOTE:  IF  SW1  IS  CLOSED,  VRKF  -  10.24V  ANO  V0  -  +»mV  PER  BIT  OF  DIGITAL  CODE. 


_ov° 

0VTO+9.M02V 


FIGURE  S:  12-Bit  CMOS  DAC  with  0V  to  10V  Output 


REF-08 


FROM 
CONTROLLING 


+15V 
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,v0 
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,|PMi)  REF-10 

+10V  PRECISION  VOLTAGE  REFERENCE 
(GUARANTEED  LONG-TERM  STABILITY) 


Precision  JYIonulithics  Inc. 


FEATURES 

•  10  Volt  Output 

•  Guaranteed  Long-Term  Stability 

  50ppm/1000  Hrs  Max 

•  Excellent  Temperature  Stability  8.5ppm/°CMax 

•  Low  Noise   30(iVp.p  Max 

•  Low  Supply  Current  1.4mA  Max 

•  Wide  Input  Voltage  Range    12V  to  40V 

•  High  Load-Driving  Capability   20mA 

•  Short-Circuit  Proof 

•  Processed  Per  MIL-STD-883 

PIN  CONNECTIONS  &  ORDERING  INFORMATION 


N.C. 

a 

N.C.  1 

7  N.C. 

TO-99  (J-Suffix) 

V|N  2  0 

0  6  V0UT 

REF-10AJ/883 
REF-10BJ/883 

N.C.  3 

4 

GROUND 
(CASEI 

5  TRIM 

GENERAL  DESCRIPTION 

The  REF-10  precision  voltage  reference  provides  a  stable 
+  10V  output  that  can  be  adjusted  over  a  ±3%  range  with 
minimal  effect  on  temperature  stability.  Long-term  drift  Is 


guaranteed  at  50ppm/1000  hrs.  maximum.  Single-supply 
operation  over  an  input  voltage  range  of  12V  to  40V,  low 
current  drain  of  1mA,  and  excellent  temperature  stability  are 
achieved  with  an  Improved  bandgap  design.  Low  cost,  low 
noise,  and  low  power  make  the  REF-10  an  excellent  choice 
whenever  a  stable  voltage  reference  is  required.  Applications 
include  D/A  and  A/D  converters,  portable  instrumentation, 
and  digital  voltmeters.  For +5V  precision  voltage  references, 
see  the  REF-05  data  sheet. 


LONG-TERM  DRIFT  PLOT  (Average  of  20  Devices) 


40 

20 
0 

-20 

I  -« 

a 

i.  -60 
0. 

-eo 
-100 

-120 
-140 

( 

EF-1 

—  f 

t  

20     40     60     GO    100    120    140   160  1 
DAYS  ELAPSED 

10 

SIMPLIFIED  SCHEMATIC 


^  £ 
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REF-10  +  10V  PRECI8ION  VOLTAGE  REFERENCE 


ABSOLUTE  MAXIMUM  RATINGS 

Input  voltage 

REF-10A,  B    40V 

Power  Dissipation  (see  note)    SOOmW 

Output  Short-Circuit  Duration 

(to  Ground  or  V|N)    Indefinite 


Storage  Temperature  Range   -65°  C  to  + 150°  C 

Lead  Temperature  (Soldering,  60  sec)   300° C 

Operating  Temperature  Range 
REF-10A,  REF-10B    -55°Cto  +  1250C 

NOTE:  Derate  al  7.1mW/*C  above  80°C  ambient  temperature  for  TO-99  (J) 
package. 


ELECTRICAL  CHARACTERISTICS  at  VtN  =  +  15V.  TA  =  25°  C.  unless  otherwise  noted. 


REF-10A 

REF-10B 

PARAMETER 

SYMBOL 

CONDITIONS 

MEN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Output  Voltage 

Vo 

lL  =  0 

9.97 

10 

10.03 

9.95 

10 

10.05 

V 

Output  Adjustment  Range 

RP=10kn 

+3 

±3.3 

±3 

±3.3 

% 

Output  Voltage  Noise 

enp-p 

0.1Hz  to  10Hz  (NoteS) 

20 

30 

20 

30 

cVp 

Long-Term  Stability 

(Note  S) 

50 

50  ppnV10O0Hrs 

Line  Regulation  (Note  4) 

VIN=13Vto33V 

0.006 

0.010 

0.006 

0.010 

%/v 

Load  Regulation  (Note  4) 

lL=0to  10mA 

0.005 

0.03 

0.006 

0.010 

%/mA 

Turn-On  Settling  Time 

fon 

To  ±0.1*  of  final  value 

5 

5 

Quiescent  Supply  Current 

'SY 

No  Load 

1.0 

1.4 

1.0 

1.4 

mA 

Load  Current 

•l 

10 

21 

10 

21 

mA 

Sink  Current 

is 

I  Note  6) 

-0.3 

-0.5 

-0.3 

-0.5 

mA 

Short-Circuit  Current 

•sc 

v0  =  o 

15 

30 

60 

15 

30 

60 

mA 

ELECTRICAL  CHARACTERISTICS  at  V,N  =  +  15V,  -55"  C  <TA<  +125°C  and  I 

L  «■ 

unless  otherwise  noted. 

REF-10A 

REF-10B 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MEN 

TYP 

MAX 

UNITS 

Output  Voltage  Change  with 
Temperature  (Notes  1  &  2) 

<svOT 

-55°C<TA£  +  125»C 

0.06 

0.15 

0.13 

0.45 

% 

Output  Voltage 
Temperature  Coefficient 

TCV0 

(NoteS) 

3 

8.5 

10 

25 

ppm/'C 

Change  in  VG  Temperature 

Coellicient  with  Output 

Rp=  10kfl 

0.7 

0.7 

ppm/% 

Adjustment 

Line  Regulation 
[V,N=  13V  to  33V)  (Note  4) 

-55°C<TAS  +  12SCC 

0.009 

0.015 

0.009 

0.015 

W/V 

Load  Regulation 
(lL  =  0to  8mA)(Note4) 

-55°CSTAS+125CC 

0.007 

0.012 

0.009 

0.015 

%/mA 

Quiescent  Supply 
Current 

No  Load 

1.6 

2.0 

1.6 

2.0 

mA 

NOTES: 

1.  AVOTls  defined  as  the  absolute  difference  between  the  maximum  output 
voltage  and  the  minimum  output  voltage  over  the  specified  temperature 
range  expressed  as  a  percentage  of  10V. 

|VMAX"VMIN  I 


iV, 


10V 


X100 


4.  Line  and  Load  Regulation  specifications  include  the  effect  of  self  heating. 

5.  Sample  tested.  Long-term  stability  is  tested  with  power  applied 
continuously. 

6.  During  sink  current  test  the  device  meets  the  output  voltage  specified. 


2.  AV0t  specilication  applied  trimmed  to  +  10.000V  or  untrlmmed. 

3.  TCV0  is  defined  as  AV0T  divided  by  the  temperature  range,  i.e., 

AVot  l-55"C  to  +125'C| 
TCV0  (-55"C  to  +125-C)  =  


ft 

u 

Z 
w 
ui 
w 

w 

oi 

w 

O 

g 

O 
> 
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HEF-10  +10V  PRECISION  VOLTAGE  REFERENCE 


OUTPUT  ADJUSTMENT 

The  REF-10  trim  terminal  can  be  used  to  adjust  the  output 
voltage  over  a  10V  ±300mV  range.  This  feature  allows  the 
system  designer  to  trim  system  errors  by  setting  the  refer- 
ence to  a  voltage  other  than  10V.  Of  course,  the  output  can 
also  be  set  to  exactly  10.000V. 


Adjustment  of  the  output  does  not  significantly  affect  the 
temperature  performance  of  the  device.  Typically,  the  temper- 
ature coefficient  change  is  0.7ppm/°  C  per  100mV  of  output 
adjustment. 


OUTPUT  ADJUSTMENT  CIRCUIT 


BURN-IN  CIRCUIT 


0*18V 

u 

VlN 

REF-10 

GND 

6  -18V 

TYPICAL  PERFORMANCE  CHARACTERISTICS 


OUTPUT  WIDEBAND 

LINE  REGULATION  NOISE  vs  BANDWIDTH  (0.1  Hz  OUTPUT  CHANGE  DUE 

vs  FREQUENCY  TO  FREQUENCY  INDICATED)  TO  THERMAL  SHOCK 


FREQUENCY  IIUI  FREQUENCY  BU>  -„m  (SEC| 
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REF-10  +10V  PRECISION  VOLTAGE  REFERENCE 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


MAXIMUM  LOAD  CURRENT 
vs  INPUT  VOLTAGE 


NORMALIZED  LOAD 
REGULATION  (AIL=  10mA) 
VS TEMPERATURE 


.SKORT-CI 

CUIT  PROTECTION 

w  u&yiunu  L  ^ 

/  DISS 

PATION 

Ta  -  25*C 

V 

15  20  25 

INPUT  VOLTAGE  IVOLTSI 


-GO  -40  -20    0     20    40    60    SO   100  120  140 
TEMPERATURE  (*C) 


NORMALIZED 
LINE  REGULATION 
vs  TEMPERATURE 


-40  -20    0     20    40    60    80   TOO  120  140 
TEMPERATURE  CO 


MAXIMUM  LOAD  CURRENT 
vs  TEMPERATURE 


3  io 

i 


VI 

1-1 

iV 

QUIESCENT  CURRENT 
vs  TEMPERATURE 


— 1 

VI 

1 — 1 
«-1 

V 

8 

u 

2 
pj 
erf 
gj 

(JU 
UD 

erf 

UD 

O 
> 


-60  -40  -20    0     20    40    90    BO    100  120  140 
TEMPERATURE  (*C| 


-60  -40  -20    0     20    40    60    80    100  120  140 
TEMPERATURE  l*C> 


TYPICAL  APPLICATIONS 
D/A  CONVERTER  REFERENCE 


vo 

RCF-10 
GND 

=3T 


B1B2B3B4SSBe07e«> 
DAC-00 

'O  2/ 

V«        V-      CC  VLC> 


rTFT  1 


B1  B2 

B3 

B4B5  B6B7BB 

E 

POS  FULL-SCALE -1LS8 

1  1 

1 

11111 

+4.960 

ZERO-SCALE 

1  0 

0 

0  0  0  0  0 

0.000 

NEG  FULL-SCALE  + 1 LSB 

0  0 

0 

0  0  0  0  1 

-4.980 

NEG  FULL-SCALE 

0  0 

0 

0  0   0  0  0 

-5.000 
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REF-10  +10V  PRECISION  VOLTAGE  REFERENCE 


TYPICAL  APPLICATIONS 
PRECISION  CALIBRATION  STANDARD 


CURRENT  SOURCE 


VOLTAGE  COMPLIANCE:    -2SV  TO  *3V 


VIN 

6 

REF-10 

TRIM 

— o  : 

CND 

4 

'out 

CURRENT  SINK 


>  'OUT  VOLTAGE  COMPLIANCE:  -3V  TO  *2SV 


REF-10 

TRIM 
OND 


6 -15V 


A/D  CONVERTER  REFERENCE 


MO     «  Li 


EU1 


s 

« 

• 

• 

Oil 

> —  -1 
)    -  ■ 

)  

)  — 

>  

)  

I  

)  

a 

E3 

31 

a; 

19 

1  li 


successive 

APPROXIMATION 
REGISTER 


7  r 


CONNECT  -VTAflT"  TO 
"CONVERSION  COMPLETE" 
FOR  CONTINUOUS  CON- 
VERSIONS. 


±10V  REFERENCE 
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REF-10  +  10V  PRECISION  VOLTAGE  REFERENCE 


PRECISION  CURRENT  SOURCE 

A  current  source  with  2SV  output  compliance  and  excellent 
output  Impedance  can  be  obtained  using  this  circuit.  REF- 
10© keeps  the  line  voltage  and  power  dissipation  constant 
in  device®  ;  the  only  Important  error  consideration  at  room 
temperature  Is  the  negative  supply  rejection  of  the  op  amp. 
The  typical  3pWV  PSRR  of  the  OP-02E  will  create  an  8ppm 
change  (3pV/Vx  25V/10V)  in  output  current  overa  25V  range. 
For  example,  a  10mA  current  source  can  be  built  (R  =  1kfl) 
with  300  Mfl  output  impedance. 

25V 

Ro  =  5  

8X10  _6X10mA 


REFERENCE  STACK  WITH  EXCELLENT  LINE 
REGULATION 

Three  REF-10's  can  be  stacked  to  yield  10.000,  20.000  and 
30.000V  outputs.  An  additional  advantage  is  near-perfect  line 
regulation  of  the  10.000  and  20.000V  output.  A  32V  to  60V 
Input  change  produces  an  output  change  which  is  less  than 
the  noise  voltage  of  the  devices.  A  load  bypass  resistor  (Rb) 
provides  a  path  for  the  supply  current  Osy)  of  the  20.000V 
regulator. 

In  general,  any  number  of  REF-10's  can  be  stacked  this  way. 
For  example,  ten  devices  will  yield  outputs  of  10,  20,  30 . . . 
100V.  The  line  voltage  can  range  from  105V  to  130V.  However, 
care  must  be  taken  to  ensure  that  the  total  load  currents  do 
not  exceed  the  maximum  usable  current  (typically  21mA). 


V|N 

'O 
REF-10 

® 
OND 


REF-TD 

© 

am 


bc  -  io'ftsec 


ITRIM  FOR 
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V0  -  0 
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 O 


I 31V  to 
i  . 


TRIM 
GND 


V0 


TRIM 
GNO 
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TRIM 
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TRIMMED 
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10.000V 
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SUPPLY  BYPASSING 

For  best  results,  it  Is  recommended  that  the  power  supply  pin 
Is  bypassed  with  a  0.1  mF  disc  ceramic  capacitor. 
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REF-43 


+2.5V  LOW-POWER  PRECISION 
VOLTAGE  REFERENCE 


FEATURES 

•  +2.5  Volt  Output   ±0.05%  Max 

•  Low  Temperature  Coefficient   10ppm/°C  Max 

•  Excellent  Regulation 

Load  Regulation  20ppm/mA  Max 

Line  Regulation   2ppm/V  Max 

•  Supply  Current   350pA  Max 

•  Operating  Voltage  Range   +4.5Vto+40V 

•  Extended  Industrial  Temp  Range  -40°C  to  +85° C 

ORDERING  INFORMATION! 


TCV0 

PACKAGE 

OPERATING 
TEMPERATURE 
RANGE 

TO-89 

CERDIP 

PLASTIC 

10 

REF438J' 

REF43BZ' 

MIL 

10 

REF43FJ 

REF43FZ 

XIND 

20 

REF43GJ 

REF43GZ 

REF43GP 

XINO 

PRELIMINARY 

GENERAL  DESCRIPTION 

The  REF-43  is  a  low-power  precision  reference  providing  a 
stable  +2.5V  output  independent  of  variations  in  supply  voltage, 
load  conditions  or  ambient  temperature.  It  is  suitable  as  a 
reference  level  for  8, 10  and  12-bit  data  acquisition  systems,  or 
wherever  a  stable,  known  voltage  is  required. 

Tight  output  tolerances  and  low  thermal  drift  are  assured  by 
zener-zap  trimming  of  both  output  voltage  and  its  temperature 
coefficient.  A  unique  curvature  correction  circuit  reduces  the 
thermal  curvature  characteristic  of  many  previous  bandgap 
references. 

PIN  CONNECTIONS 


REF43ARC/833  will  be  available  in  hermetic  LCC  package. 

*  For  devices  processed  in  total  compliance  to  M1L-STD-883,  add  /B83  alter 

part  number.  Consult  lactory  lor  883  data  sheet, 
t  Burn*in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip.  plastic  dip,  and  TOcan  packages.  For  ordering  information  see  1988 

Data  Book,  Section  2. 


8-PIN  CERDIP 
(Z-Suffix) 

8-PIN  PLASTIC  DIP 
(P-Suifix) 


TO-99 
(J-Suffix) 


SIMPLIFIED  SCHEMATIC 


This  preliminary  product  Information  Is  based  on  testing  of  a  limited  number  ol  devices.  Final  specifications  may  vary.  Please  contact  local  sales 
office  or  distributor  lor  final  data  sheet. 
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REF-43  +Z5V  LOW-POWER  PRECISION  REFERENCE  -  PRELIMINARY 


The  REF-43  may  be  operated  with  supply  voltages  from  +4.5V 
to  +40V.  The  output  voltage  changes  by  less  than  355pV  from 
one  extreme  of  supply  voltage  to  the  other.  With  only  350uA 
maximum  quiescent  current,  the  REF-43  is  ideally  suited  to 
applications  where  power  dissipation  must  be  minimized,  as  in 
precision  battery-powered  equipment.  The  low  supply  current 
minimizes  drift  due  to  self-heating  after  power-up. 

A  temperature  output  provides  a  means  of  determining  system 
ambient  temperature.  Applications  of  the  REF-43  include  A/D 
and  D/A  conversion,  4-20mA  transmitter/receiver  operation  and 
log  amplifiers. 

For  a  low-cost  2.5V  reference  available  in  small-outline  pack- 
ages consult  the  REF-03  data  sheet. 

ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Supply  Voltage  40V 

Internal  Power  Dissipation  (Note  2)   500mW 

Output  Short-Circuit  Duration   Indefinite 


Operating  Temperature  Range 

REF-43B(J,Z)    -SS'-CtO+ttS-C 

REF-43F,  (J,  Z)  -40°C  to  +85°C 

REF-43G,  (J,  Z,  P)  -40°C  to  +85eC 

Storage  Temperature  Range  -65°C  to  +175'C 

Junction  Temperature  Range  -65°C  to  +175°C 

Lead  Temperature  (Soldering,  10  sec)   300°C 

NOTES: 

1.  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  See  table  tor  maximum  ambient  temperature  and  rating. 

MAXIMUM  AMBIENT         DERATE  ABOVE 
TEMPERATURE         MAXIMUM  AMBIENT 
PACKAGE  TYPE  FOR  RATING  TEMPERATURE 

TO-99  (J)  80°C  TlmW/'C  

8-Pin  Cerdip  (Z)  75"C  6.7mW/'C 

8-Pin  Plastic  DIP  (P)  62°C  5.6mW/"C 


ELECTRICAL  CHARACTERISTICS  at  VIN  =  +5V,  lL  =  0mA,  TA  =  25°C  unless  otherwise  noted. 


REF-43B 

REF-43F 

REF-43G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Output  Voltage 
Tolerance 

No  Load 

0.03 

0.1 

0.02 

0.05 

0.05 

0.2 

% 

Output  Voltage 

No  Load 

2.4975 

2.500  2.5025 

2.4988 

2.500  2.5012 

2.495 

2.500 

2.505 

V 

Output  Voltage 
Noise 

«nflMS 

0.1Hz  to  1kHz 

5 

6 

5 

8 

5 

8 

cVrms 

Line  Regulation 

V,N=+4.5V 
to  +40V 

1 

5 

0.6 

2 

1 

5 

ppm/V 

Load  Regulation 

lL=0mA 
to  10mA 

12 

20 

12 

20 

15 

30 

ppm/mA 

Ouiescent 
Supply  Current 

'sv 

No  Load 

200 

350 

200 

350 

200 

3S0 

HA 

Load  Current 
(Sourcing) 

'l 

10 

20 

10 

20 

10 

20 

mA 

Load  Current 

mA 

(Sinking) 

's 

-3 

-3 

-3 

Short-Circuit 
Output  Current 

'sc 

Output  Shorted 
to  Ground 

30 

30 

30 

mA 

Output  Voltage 
Temperature 
Coefficient 

TCV0 

-55'C<TA<+125°C 
-40°C<TA<+85"C 

5 

10 

4 

10 

5 

20 

ppm/°C 

Temperature 

Voltage 

TCVTEMP 

2.1 

2.1 

2.1 

mV/"C 

Output  Tempco 

u 

2 
tu 

WJ 
LL, 

w 

125 

1 

o 
> 
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INTRODUCTION 

A  D/A  converter  accepts  a  digital  input  and 
produces  an  analog  output.  The  basic  DAC 
consists  of  a  voltage  or  current  reference,  binary- 
weighted  precision  resistors,  a  set  of  electronic 
switches,  and  a  means  of  summing  the  weighted 
currents. 

Three  important  criteria  for  selecting  a  good 
DAC  are  resolution,  accuracy,  and  speed.  Other 
essential  requirements  to  be  considered  are 
temperature  stability,  input  coding,  output 
format,  reference  requirements,  and  power 
consumption. 

Since  introducing  the  first  monolithic  D/A 
converter  in  1970,  PMI  has  continually 
improved  and  updated  its  DAC  product  line. 
Using  both  bipolar  and  CMOS  technologies, 
PMI  offers  complete  selections  of  parametric 
trade-offs  available  from  these  technologies. 
Very  high  speed,  internal  references  and 
amplifiers  are  key  features  of  the  bipolar 
technology  DACs.  The  CMOS  technology  DACs 
offer  a  much  higher  degree  of  logic  interface 
function,  while  maintaining  absolute  minimums 
in  power  dissipation.  A  wide  offering  of 
microprocessor-interfaceable  DACs  simplify 
connection  to  4,  8,  and  16-bit  microprocessor 
systems.  The  DAC  with  "memory"  is  another 
first  offered  by  PMI  to  simplify  system  self- 
diagnosis  of  data  path  integrity. 
The  selection  guides  following  the  definitions 
will  aid  you  in  quickly  locating  the  appropriate 
DAC  for  your  application. 

DEFINITIONS  — 

LINEAR  DIGITAL-TO-ANALOG 

CONVERTERS 

Absolute  Accuracy  —  The  absolute  accuracy  of 
a  DAC  is  the  difference  between  the  actual 
unadjusted  analog  output  and  the  ideal  output 
that  is  expected  when  a  given  digital  code  is 
applied.  Sources  of  error  include  full-scale  error 
(gain  error),  zero-scale  error  (offset  error), 
nonlinearity  errors,  and  the  drift  of  all  of  these. 
Therefore,  absolute  accuracy  includes  all 
deviations  from  the  ideal.  (See  Figure  11.1) 


Figure  11.1  Gain  and  Offset  Error  Defined 


OAIN 

ERROR  v 
(FULL-SCALE)  ^»  / 


DIGITAL  INPUT 


A.C.  Feedthrough  —  The  ratio  of  the  amplitude 
of  signal  at  the  DAC  output  to  the  reference 
input  with  all  DAC  switches  off.  This  parameter 
is  expressed  in  dBs. 

BCD  —  The  abbreviation  BCD  stands  for  binary- 
coded  decimal.  It  is  a  binary  code  used  to 
represent  decimal  numbers  in  which  the  digits  0 
through  9  are  coded,  using  the  4-bit  binary 
8-4-2-1  code. 

Binary  —  A  positive-weighted  code  in  which  a 
number  is  represented  by: 

N  =       +  a,21  +  a222  +  •••  +  an2n 
where  each  coefficient  "a"  has  a  value  of  zero 
or  one.  Data  converters  use  this  code  in  its 
fractional  form  where: 


N  =  a12" 


!  +  a32" 


•  +  an2- 


n 


-1  +  a22 

and  N  has  a  fractional  value  between  zero 
and  one. 

Bit  —  The  unit  of  binary  information.  It  can  have 
the  value  of  zero  or  one. 
Bipolar  Output  —  When  the  analog  signal  range 
includes  both  positive  and  negative  values,  the 
output  is  said  to  be  bipolar.  The  transfer 
characteristic  of  an  ideal  2-quadrant  bipolar- 
output  DAC  is  shown  in  Figure  11.2. 
Differential  Nontinearity  (DNL)  —  Differential 
nonlinearity  is  the  worst  case  deviation  of  any 
adjacent  analog  outputs  from  the  ideal  1  LSB 
step  size.  The  deviation  of  the  actual  "step  size" 
from  the  ideal  step  size  of  1  LSB  is  called 
differential  nonlinearity  error  or  DNL.  DACs 
with  DNL  greater  than  ±1  LSB  may  be 
nonmonotonic.  Maximum  DNL  error  is  less  than  or 
equal  to  twice  the  maximum  INL.  (See  Figure  11.3) 
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Figure  11.2  Bipolar  Output  Converter 
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Figure  11.3  Nonllnearlty  (NL)  and  Differential 
Nonllnearity  (DNL) 
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Digital  Crosstalk  (Q)  —  Digital  crosstalk  is  a 
parameter  that  is  used  with  multiple  converters 
in  a  single  package.  It  is  the  glitch  impulse  that 
is  transferred  from  one  converter  that  is  being 
addressed  to  another  converter  that  is  not  being 
addressed.  It  is  specified  in  nV-secs  and  is 
measured  with  Vref  =  OV. 
Digital  Feedthrough  (FT)  —  Digital  feedthrough 
is  the  glitch-energy  impulse  transferred  from  the 
DAC's  digital  input  to  the  analog  output.  It  is 
specified  in  nV-secs  and  is  measured  with  Vref 
=  0V. 


Dynamic  Range  (DR)  —  The  dynamic  range  of  a 
DAC  is  the  ratio  of  the  largest  output  to  the 
smallest  output  (excluding  zero)  expressed  in 
decibels  (dB).  For  linear  DACs,  this  ratio  is  2n, 
where  n  =  number  of  bits  of  resolution. 
DR  (in  dB)  =  20  Log102n  =  6n  for  linear  DACs; 
(COMDACs®  are  66  or  72dB.) 
Endpoint  Linearity  —  See  Integral  Nonlinearity. 
Functional  Compliance  —  The  functional 
compliance  of  a  DAC  is  the  voltage  range  over 
which  the  current  output  can  be  driven  and  for 
which  the  DAC  output  current  will  maintain  the 
same  relative  accuracy  (the  output  can  change 
absolutely). 

Full  Scale  (FS)  —  The  full-scale  output  of  a 
DAC  is  its  maximum  voltage  or  current.  For  a 
binary  DAC,  the  full-scale  output  occurs  when 
the  digital  inputs  are  all  ones.  The  full-scale 
value  is  one  LSB  less  than  the  reference  value. 
Full-Scale  Gain  Error  (Gfse)  —  See  Gain  Error. 
Full-Scale  Range  (FSR)  —  The  difference 
between  the  maximum  analog  output  and  the 
minimum  analog  output  of  a  DAC. 
Gain  Drift  (TCGps)  —  The  variation  of  the  full- 
scale  value  (voltage  or  current)  measured  over 
the  operating  temperature  range  is  called  gain 
drift.  This  parameter  has  units  of  %FS.  ppmFS, 
or  LSB.  It  may  also  be  expressed  %  of  FS/°C, 
ppmFS/°C,  etc. 

Gain  Error  (Gfse)  ~  The  difference  between  the 
actual  and  the  ideal  analog  output  range, 
expressed  as  a  percent  of  full-scale  or  in  terms 
of  LSB  value  (see  Figure  11.1).  It  is  the  deviation 
in  slope  of  the  DAC  transfer  characteristic  from 
ideal. 

Glitch  —  A  glitch  is  a  switching  transient 
appearing  in  the  output  during  a  code  transition. 
Its  value  is  expressed  as  a  product  of  voltage 
(V  x  ns)  or  current  (mA  x  ns)  and  time  duration  or 
charge  transferred  (in  Picocoulombs). 
Integral  Nonlinearity  (INL)  or  Nonlinearity  (NL) 
—  This  is  the  single  most  important  DAC 
specification.  PMI  measures  INL  as  the 
maximum  deviation  of  the  analog  output  (from 
the  ideal)  from  a  straight  line  drawn  between  the 
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end  points,  expressed  as  a  percent  of  full-scale 
range  or  in  terms  of  LSBs.  (See  Figure  11.5) 
For  DACs,  a  specification  of  ±1/2  LSB  INL 
guarantees  monotonicity  and  ±1  LSB  maximum 
differential  non  linearity. 
Least  Significant  Bit  (LSB)  —  The  analog  value 
of  the  LSB  is  the  smallest  change  that  can  occur 
in  the  output  of  a  DAC.  It  corresponds  to  a  one- 
bit  change  in  the  binary  input.  The  analog  value 
will  be  either  a  voltage  or  current. 

CCD 

LSB  (Analog  Value)  = 

where  FSR  =  Full-Scale  Range 
n  =  number  of  bits 

Most  Significant  Bit  (MSB)  —  The  analog  value 
of  the  MSB  is  the  largest  incremental  output 
change  obtainable  by  switching  a  single  input 
bit.  The  analog  value  will  be  either  a  voltage  or 
current. 

FSR 

MSB  (Analog  Value)  =  —p- 

Monotonicity  —  A  DAC  is  monotonic  if  the 
analog  output  either  increases  or  remains  the 
same  for  an  increasing  digital  input  code.  If  the 
DNL  is  less  than  or  equal  to  ±1  LSB, 
monotonicity  is  guaranteed.  (See  Figure  11.3) 

Figure  11.4  DAC  Transfer  Curves 
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Multiplying  DACs  —  The  DAC  multiplies  an 
analog  reference  by  a  digital  word.  Some  DACs 
can  multiply  only  positive  digital  words  by  a 
positive  reference.  This  is  known  as  single 
quadrant  operation  (Quadrant  I,  see  Figure  11.4). 
Two  quadrant  operation  (Quadrants  I  and  III) 
can  be  performed  by  a  DAC  that  usually 
operates  in  Quadrant  I  by  configuring  the 
output  for  bipolar  output  operation.  This  is 
accomplished  by  offsetting  the  output  by  a 
negative  MSB  (1/2  of  FSR),  so  that  the  MSB 
becomes  the  sign  bit.  CMOS  DACs  provide  four 
quadrant  operation  by  allowing  the  use  of  both 
positive  and  negative  references.  (Quadrants 
I,  II,  III,  IV). 

Figure  11.5  Nonllnearity 
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Nonlinearlty  (NL)  —  See  Integral  Nonlinearity. 

Offset  Drift  (TCVos.  TCIos)  —  The  variation  of 
the  offset  (voltage  or  current)  measured  over  the 
operating  temperature  range.  The  offset  drift  is 
divided  by  the  temperature  range  over  which  it  is 
measured,  and  expressed  in  ppm  per  degree 
centigrade  or  percent  of  full-scale  range.  This 
parameter  applies  to  DACs  operating  in  the 
bipolar  output  mode.  See  zero-scale  drift  for 
DACs  operating  in  the  unipolar  output  mode. 
Offset  Error  (Vose.  'ose)  —  The  offset  error  is 
the  error  at  analog  zero  for  a  data  converter 
operating  in  the  bipolar  mode. 
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Output  Resistance  (Ro)  —  Output  resistance  is 
the  equivalent  internal  resistance  for  a  current 
output  D/A  converter  as  seen  at  its  output.  It  is 
measured  as  the  change  in  output  current  Al 
with  the  change  in  output  voltage  AV.  It  is  a 
direct  measure  of  the  true  compliance. 
Power  Supply  Sensitivity  (Pss)  —  The  change  in 
the  output  of  the  converter  due  to  a  change  in 
the  power  supply  value.  This  may  be  expressed 
as  a  percent  of  full-scale  range  per  one  percent 
change  in  the  power  supply,  or  as  a  percent  of 
full  scale  per  volt  of  power  supply  change. 
Normally  Pss  is  specified  at  DC;  it  is  sometimes 
specified  over  a  given  frequency  range. 

Relative  Accuracy  —  See  Integral  Nonlinearity. 
Resolution  (n)  —  The  resolution  of  a  DAC  is  the 
number  of  states  (2n)  that  the  FSR  is  divided  (or 
resolved)  into,  where  n  is  equal  to  the  number 
of  bits. 

Settling  Time  —  Settling  time  is  the  elapsed  time 
for  the  analog  output  to  reach  its  final  value 
within  a  specified  error  band  after  a  digital  input 
code  change.  It  is  usually  specified  for  a  full- 
scale  change  and  measured  from  the  50%  point 
of  the  logic  input  change  to  the  time  the  output 
reaches  its  final  value  within  the  specified  error 
band.  (See  Figure  11.6) 

Figure  11.6  Settling  Time  Measurement 
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Three-State  Outputs  —  A  digital  output  circuit 
that  can  be  programmed  to  output  a  logic  low, 
logic  high,  or  a  high  output  impedance  state. 
These  devices  are  generally  connected  to  digital 
buses. 


Total  Unadjusted  Error  (TUE)  —  The  total 
unadjusted  error  is  a  comprehensive 
specification  which  includes  full  scale  error, 
relative  accuracy,  and  zero  code  error.  It  is 
noted  that  the  maximum  ideal  output  voltage  is 
Vref-  1 LSB,  where  1 LSB  =  VREF/2n,  and  n  is  the 
DAC  resolution.  This  clearly  indicates  that  the 
LSB  voltage  size  is  dependent  on  Vref,  and  the 
zero  code  error  will  increase  as  Vref  decreases 
(in  terms  of  LSB).  The  total  unadjusted  error 
then,  will  vary  over  the  Vref  voltage  range. 
True  Compliance  —  The  true  compliance  of  a 
DAC  is  the  voltage  range  over  which  the  current 
output  can  vary  while  the  DAC  maintains  an 
absolute  accuracy  of  ±1/2  LSB.  The  higher  the 
DAC  output  impedance,  the  better  the  voltage 
compliance  will  be. 

Unipolar  Output  —  A  DAC  operates  in  the 
unipolar  output  mode  when  the  analog  output 
starts  at  zero,  stopping  at  a  full-scale  positive  or 
negative  value,  while  the  digital  inputs  are 
changed  from  zero  to  all-ones  code.  The  analog 
output  occurs  in  one  quadrant. 

Zero-Scale  Error  (Vzse,  Izse)  —  The  zero-scale 
error  is  the  error  at  analog  zero  for  a  data 
converter  operating  in  the  unipolar  mode. 

Zero-Scale  Drift  (TCVzs,  TCIzs)  —  The  variation 
of  zero  scale  measured  over  the  operating 
temperature.  It  is  expressed  in  ppmFS/°C,  or 
%FS/°C,  etc. 

Zero-Scale  Symmetry  Error  (Vzss)  —  This 
definition  applies  only  to  sign-magnitude  DACs. 
It  is  the  change  in  the  analog  output  produced 
by  switching  the  sign  bit  with  a  zero-code  input 
to  the  magnitude  bits.  It  is  expressed  in  units  of 
voltage,  current,  or  in  fractions  of  an  LSB. 

DEFINITIONS  —  COMPANDING  DACs 

The  companding  (COMDAC®)  DACs  that  PMI 
manufactures  are  the  DAC-86,  DAC-88,  and  the 
DAC-89.  They  are  constructed  such  that  the 
more  significant  bits  of  the  digital  input  have  a 
larger  than  binary  relationship  to  the  less 
significant  bits.  This  decreases  the  resolution 
of  the  more  significant  bits,  which  increases  the 
analog  signal  range.  The  effect  of  this  is  to 
compress  more  data  into  the  moresignificant  bits. 
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Chord  —  The  mathematical  formula,  describing 
the  DAC  transfer  function,  Is  implemented  by 
performing  a  piecewise  linear  approximation  of 
the  function.  The  straight  line  segments  used  in 
the  approximation  are  called  chords. 
Chord  Endpoints  —  The  digital  code  corre- 
sponding to  the  maximum  analog  output  for  a 
given  chord  is  called  the  chord  endpoint. 
Dynamic  Range  (DR)  —  The  dynamic  range  of  a 
DAC  is  the  ratio  of  the  largest  output  to  the 
smallest  output  (excluding  zero)  expressed  in 
decibels  (dB).  For  the  COMDACs®  this  would  be 
output  (117  15)  divided  by  output  (l0  t).  This  is  then 
converted  fo  dB  using  the  formula: 

DR  =  20Log10(-j^-5)  (dB) 

Encode  Current  —  The  encode  current  is  the 
difference  between  I0e(+)  and  'oo  (+) or  tne 
difference  between  l0E  (_)  and  l0D  (_j  at  any 
code. 


D/A 

CONVERTERS 


Full-Scale  Symmetry  Error  —  The  full-scale 
symmetry  error  of  a  DAC  is  the  difference 
between  the  maximum  and  the  minimum  analog 
output  values.  For  the  COMDACs®  this  is  the 
difference  between  l0D  (_)  and  lOD  (+)  or  l0E  (+) 
and  lOE  H. 

Output-Level  Notation  —  Each  output  current 
level  may  be  designated  by  the  digital  input 
code  as  L  8;  where  c  =  chord  number  and  s  = 
step  number.  For  example,  l0  0  =  zero  scale 
current;  l0>1  =  first  step  from  zero;  l0 15  = 
endpoint  of  the  first  chord  (C0);  and'  l715  =  full- 
scale  current. 

Steps  —  Each  chord  is  divided  into  equal  incre- 
ments called  steps. 

Step  Nonllnearlty  —  This  is  the  deviation  of  the 
actual  step  size  from  the  ideal  step  size  within  a 
chord.  In  a  linear  DAC,  it  corresponds  to 
differential  nonlinearity. 
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DIGITAL-TO-ANALOG  CONVERTER 
SELECTION  GUIDE 

PMI  offers  a  complete  line  of  digital-to-analog 
converters  (DACs),  all  of  which  are  guaranteed  to 
be  monotonic  over  their  operating  temperature 
ranges,  and  some  which  have  become  industry 
standards.  The  D/A  converters  have  been 


D/A 

CONVERTERS 


arranged  in  the  selector  guide  by  resolution. 
Eight-bit  through  12-bit  devices  are  sorted  by 
settling  time  and  number  of  D/A  converters  per 
package.  At  8-bit  resolution  PMI  offers  single, 
dual  and  quad  products.  At  12-bit  resolution  a 
choice  of  single  and  dual  products  are  available. 


8-Bit  Resolution,  Single  Digital-to-Analog  Converters 


Settling 

Power 

Digital 

Digital 

Time  to 

Linearity 

Output 

Ref. 

Dissipation 

Input 

Interlace 

Product 

Type 

1/2LSB  (Ms) 

INL 

Range 

Input 

(mW) 

Coding 

Architecture 

DAC08 

Bipolar 

0.135 

0.1  %FS 

2mA 

2mA 

136 

Binary 

Parallel 

DAC20 

Bipolar 

0.150 

±1/2LSB 

2mA 

2mA 

194 

2  Digit  BCD 

Parallel 

PM7524 

CMOS 

0.300 

±1/8LSB 

1mA 

10V 

5 

Binary 

Latch 

DAC888 

Bipolar 

0.400 

0.1  %FS 

2mA 

2mA 

190 

Binary 

Latch 

DAC208 

Bipolar 

0.750t 

0.1  %FS 

+5or±10V 

Int  Ref 

315 

Sign-Magnitude 

Parallel 

PM7224 

CMOS 

5.0 

±1/2LSB 

10V 

10V 

60 

Binary  Double-Latch 

8-Bit  Resolution,  Dual  Digital-to-Analog  Converters 


Settling 
Time  to 
Product  Type    1/2LSB  (us) 

Linearity 
INL 

Output 
Range 

Ref. 
input 

Power 
Dissipation 
(mW) 

Digital 
Input 
Coding 

Digital 
Interface 
Architecture 

PM7528    CMOS  0.350 

±1/2LSB 

1mA 

10V 

5 

Binary 

Latch 

8-Bit  Resolution,  Quad  Digital-to-Analog  Converters 

Settling 
Time  to 
Product  Type    1/2LSB  (>is) 

Linearity 
INL 

Output 
Range 

Ref. 
Input 

Power 
Dissipation 
(mW) 

Digital 
Input 
Coding 

Digital 
Interface 
Architecture 

DAC8408  CMOS  0.250 

±1/4LSB 

1mA 

10V 

5 

Binary 

Readback- 
Latch 

PM7226   CMOS     5.0  ±1/2LSB        10V  10V        250  Binary  Latch 


8-Bit  Resolution,  Companding  Digital-to-Analog  Converters  

Settling  Power         Digital  Digital 

Time  to     Linearity     Output       Ref.     Dissipation       Input  Interface 
Product  Type    1/2LSB(jis)      INL        Range       Input       (mW)         Coding  Architecture 

DAC88    B]^r'    0.5f        ±1/2STEP     2mA       0.5mA        263     Sign-Chord  Step  Parallel 

DAC89    ^°war'    0.5f         ±1/2STEP     2mA       0.5mA        263     Sign-Chord  Step  Parallel 


t  Typical  value 
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10-Bit  Resolution  Single  Digital-to-Analog  Converters 


Settling 

Power 

Digital 

Digital 

Time  to 

Linearity 

Output 

Ref. 

Dissipation 

Input 

Interface 

Product 

Type 

1/2LSB  (ms) 

INL 

Range 

Input 

(mW) 

Coding 

Architecture 

DAC10 

Bipolar 

0.150 

±1/2LSB 

4mA 

2mA 

285 

Binary 

Parallel 

DAC100 

Bipolar 

0.300 

0.05%FS 

2mA 

Int  Ref 

250 

Complementary 

Parallel 

PM7533 

CMOS 

0.600t 

0.05%FS 

1mA 

10V 

30 

Binary 

Parallel 

DACG6 

Bipolar 

1.5 

0.1  %FS 

±5V 

Int  Ref 

300 

1's  Complement 

Parallel 

DAC210 

Bipolar 

1.5 

0.05%FS 

±10V 

Int  Ref 

315 

Sign-Magnitude 

Parallel 

DAC03 

Bipolar 

2.0 

0.1  %FS 

+5  or  +10V 

Int  Ref 

350 

Sign-Magnitude 

Parallel  t/> 

12-Bit  Resolution,  Single  Digital-to-Analog  Converters 


Settling 

Power 

Digital 

Digital 

Time  to 

Linearity 

Output 

Ref. 

Dissipation 

Input 

Interface 

Product  Type 

1/2LSB  (lis) 

INL 

Range 

Input 

(mW) 

Coding 

Architecture 

DAC312  Bipolar 

0.5 

0.05%FS 

4mA 

1mA 

305 

Binary 

Parallel 

DAC8012  CMOS 

1.0 

±1/2LSB 

1mA 

10V 

10 

Binary 

Readback- 
Latch 

DAC8043  CMOS 

1.0 

±1/2LSB 

1mA 

10V 

10 

Binary 

Serial 

PM7541  CMOS 

1.0 

±1/2LSB 

1mA 

10V 

10 

Binary 

Parallel 

PM7541A  CMOS 

1.0 

±1/2LSB 

1mA 

10V 

10 

Binary 

Parallel 

PM7542  CMOS 

1.0 

±1/2LSB 

1mA 

10V 

10 

Binary 

Nibble 

PM7543  CMOS 

1.0 

±1/2LSB 

1mA 

10V 

10 

Binary 

Serial 

PM7545  CMOS 

1.0 

±1/2LSB 

1mA 

10V 

10 

Binary 

Latch 

PM7548  CMOS 

1.0 

±1/2LSB 

1mA 

10V 

10 

Binary 

Byte-Latch 

PM7645  CMOS 

1.0 

±1/2LSB 

1mA 

10V 

10 

Binary 

Latch 

PM562  Bipolar 

1-5t 

±1/4LSB 

2mA 

10V 

465 

Binary 

Parallel 

i 

< 

i 

8 


12-Bit  Resolution,  Dual  Digital-to-Analog  Converters 


Settling 

Power 

Digital 

Digital 

Time  to 

Linearity 

Output 

Ref. 

Dissipation 

Input 

Interface 

Product  Type 

1/2LSB  (us) 

INL 

Range 

Input 

(mW) 

Coding 

Architecture 

DAC8212  CMOS 

1.0 

±1/2LSB 

1mA 

10V 

10 

Binary 

Latch 

DAC8221  CMOS 

1.0 

±1/2LSB 

1mA 

10V 

10 

Binary 

Latch 

DAC8222  CMOS 

1.0 

±1/2LSB 

1mA 

10V 

10 

Binary 

Double-Latch 

DAC8248  CMOS 

1.0 

±1/2LSB 

1mA 

10V 

10 

Binary 

Byte-Latch 

t  Typical  value 
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DAC-01 

6-BIT  VOLTAGE-OUTPUT 
D/A  CONVERTER 


Precision  Monolithics  liiu. 


FEATURES 

•  Fast  3us  Settling  Time  Max 

•  Complete   Includes  Reference,  Ladder,  Op  Amp 

•  Low  Power  Consumption   2S0mW  Max 

•  6-Blt  Resolution   7-Blt  Accuracy 

•  3  Output  Options    +10V,±5V,±10V 

•  Standard  Power  Supplies  ±  12V  to  ±  18V 

•  TTL  —  Compatible  Logic  Levels 

•  MIL-STD-B83  Class  B  Processing  Available  From  Stock 


ORDERING  INFORMATION! 


14-PIN  HERMETIC  DIP 

FULL  TEMP. 

MILITARY 

COMMERCIAL 

NX.  LSB 

TEMP. 

TEMP. 

±1/8 

DAC01Y* 

±1/4 

DAC01BY" 

DAC01CY 

DAC01  FY" " 

DAC01HY" 

±1/2 

OAC01DY 

*  For  devices  processed  In  total  compliance  to  MIL-STD-883,  add  /B83  alter 

part  number.  Consult  factory  for  8S3  data  sheet. 
**  Unipolar  only  —  all  others  unipolar  or  bipolar. 

t  Burn-in  iBavailableon  commercial  and  industrial  temperature  rangepartsin 
cerdip,  plastic  dip,  andTO-can  packages.  For  ordering  information,  see  188B 
Data  Book.  Section  2. 


GENERAL  DESCRIPTION 

The  DAC-01  is  a  complete  monolithic  6-bit  digital-to-analog 
converter.  The  device  contains  current  steering  logic,  cur- 
rent sources,  a  diffused  resistor  ladder  network,  precision 


voltage  reference  and  fast  summing  op  amp  on  one  chip. 
Monolithic  construction  provides  low  power  consumption 
and  high  reliability.  Wide  power  supply  range,  three  output 
voltage  options,  and  three  input  code  options  assure  flexibil- 
ity for  a  wide  variety  of  applications.  A  seventh  bit  may  also  be 
added  for  greater  resolution.  Introduced  in  1970.  the  DAC-01 
is  still  the  fastest,  lowest  power,  most  accurate  6-blt  complete 
monolithic  DAC  available.  The  DAC-01  Is  Ideal  for  CRT 
deflection  circuits,  servo  positioning  controls,  digitally  pro- 
grammed power  supplies  and  pulse  generators,  modem  and 
telephone  system  digitizing  and  demodulation  circuits,  dig- 
ital filters,  and  6-bit  A/D  converters. 


PIN  CONNECTIONS 


Msa  ei  rr 

u]  FULL-SCALE  TRIM 

ta  (T 

ul  V- 

Bl  [T 

]H  BIPOLAR/UNIPOLAR 

B4  [T 

"1  SUM  NODE 

BS|T 

"iol  SCALE  FACTOR 

lso  ss  QT 

T1  GROUKD 

v  [T 

j2  ANALOG  OUTPUT 

14-PIN  HERMETIC  DIP 

(Y-Sufflx) 
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DAC-01 6-BIT  VOLTAGE-OUTPUT  D/A  CONVERTER 


ABSOLUTE  MAXIMUM  RATINGS  (See  Note  3) 
Operating  Temperature 

DAC-01,  DAC-01  B,  DAC-01  F    -55°C  to  +125°C 

DAC-01  C,  DAC-01  H,  DAC-01  D   0°C  to  +70°  C 

DICE  Junction  Temperature  (T|)    -65°  C  to  + 150"  C 

V+ Supply  Voltage  to  Ground   0to+18V 

V- Supply  Voltage  to  Ground   0  to -18V 

Logic  Input  to  Ground   -0.7to+6V 

Internal  Power  Dissipation  (Note  1)    500mW 


Storage  Temperature    -65°Cto+1500C 

Lead  Temperature  (Soldering,  60  sec)   300°C 

Output  Short-Clrcuit  Duration  (Note  2)    Indefinite 


NOTES: 

1.  Rating  applies  to  ambient  temperatures  of  100°C.  For  temperatures  above 
100° C.  derate  linearly  at  10mW/*C. 

2.  Short  circuit  may  be  to  ground  or  either  supply.  Rating  applies  to + 125°  C 
case  temperature  or +75°  C  ambient  temperature. 

3.  Absolute  maximum  ratings  apply  to  both  DICEand  packaged  parts,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs = ±l5Vand  over  the  rated  operating  temperature  range,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

DAC-01* 

DAC-01B* 

DAC-01F 

DAC-01  C 

DAC-01  H 

DAC-01D 

UNITS 

Output  Options 

Unipolar 
Bipolar 

Unipolar 
Bipolar 

Unipolar 

Unipolar 
Bipolar 

Unipolar 

Unipolar 
Bipolar 

Temperature  Range 

T* 

-S5/+12S 

-55/+ 125 

-S5/+125 

0/+70 

0/+70 

0/+70 

•c 

Nonlinearity  2S°C/Maximum 

NL 

±0.40 

±0.40 

±0.40 

±0.40 

±0.40 

±0.78 

%FS 

Nonllnearity  Over 
Temperature  —  Maximum 

NL 

+0.45 

±0.45 

±0.45 

±0.45 

±0.45 

±0.78 

%FS 

Full-Scale  Tempco  — 
Maximum 

Tc 

±80 

±120 

±80 

±180 

+160 

±160 

ppm/°C 

Unipolar  Zero-Scale  Output 
Voltage  —  Maximum  (Notes  1, 21 

> 

25 

25 

40 

25 

40 

50 

mV 

'  Processed  to  MIL-STD-883  only. 


ELECTRICAL  CHARACTERISTICS  for  all  DAC-01  grades,  Vs=  ±15V  and  over  the  rated  operating  temperature  range  unless 
otherwise  noted. 


DAC-01 

PARAMETER  SYMBOL         CONDITIONS  M1N  TYP  MAX  UNITS 

Unipolar  Full  Range  2k(l  load,  logic  £  0.8V,  short  pin  13  to  pin  14.  . 

Output  Voltage  (Note  3)   FR   Short  pin  12  to  Ground  and  pin  10  to  pin  11.  —        +  V 


Bipolar  Output  Voltage  (Note  3) 
±5  Volt  Range 

±10  Volt  Range 

VfR- 

Vfr* 
Vfb- 

2kn  load,  short  pin  11  to  pin  12. 

Short  pin  13  to  pin  14,  short  pin  10  to  pin  11. 

Logic  Inputs  S  0.8V 

Logic  Inputs  2  2.0V 
Open  pin  10 

Logic  Inputs  S  0.8V 

Logic  Inputs  2  2.0V 

+4.93 
-6.94 

+9.86 
-11.89 

+5.94 
-4.93 

+11.89 
-9.86 

V 
V 

Bipolar  Offset  Voltage  ( Note  1 ) 
±1/2(|VFnt|-|Vfs.|) 

±5  Volt  Range 
±10  Volt  Range 

±40 
±80 

±70 
±140 

mV 

Resolution 

6 

Bits 

Logic  Input  "0" 

V,nl 

0.8 

V 

Logic  Input  "1" 

V,NH 

2 

V 

Logic  Input  Current,  Each  Input 

l,N 

+2 

+8 

fA 

Power  Supply  Sensitivity 

Pas 

±12V  £  Vs<  ±18V  VFS  -  10.0V 

±0.01 

±0.15 

%vFS/v 

Power  Consumption 

Po 

No  Load 

200 

250 

mW 

Supply  Current 

l+ 
l- 

V*  =  +15V 

V-  =  -15V  Logic  Inputs  S  0.8V 

7.3 
9.3 

mA 

Setting  Time  to  ±1/2  LSB 
(Note  4) 

<s 

2.0V  <  Logic  Level  £0.BVTA  =  25°C 

1.5 

3 

pa 

NOTES: 

1.  Zero-scale  or  bipolar  offset  voltage  can  be  trimmed  to  zero  volts  or  to  the  3.  Full-scale  is  adjustable  to  precisely  10V  for  unipolar  operation  and  10V  or 
exact  one's  or  two's  complement  condition  with  an  external  resistor  20V  peak-to-peak  bipolar  operation  with  an  external  500n  potentiometer 
network  to  pin  11.  from  pin  14  to  V-. 

2.  Logic  input  voltage  £  2.0V.  4.  Guaranteed  by  design. 
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DAC-01  6-BIT  VOLTAQE-OUTPUT  D/A  CONVERTER 


DICE  CHARACTERISTICS 


D  □  DIIB  □ 


DIE  SIZE  0.093  X  0.0S5  Inch,  5115  sq.  mils  (2.36  x  1.40  mm,  3.30  sq.  mm) 

For  additional  DICE  ordering  information,  refer 
to  1988  Data  Book,  Section  2. 


1.  B1  (MSB) 

2.  B2 

3.  B3 

4.  B4 

5.  B5 

6.  B6  (LSB) 

7.  V+ 

6.  ANALOG  OUTPUT 
9.  GROUND 

10.  SCALE  FACTOR 

11.  SUM  NODE 

12.  BIPOLAR/UNIPOLAR 

13.  V- 

14.  FULL-SCALE  TRIM 


WAFER  TEST  LIMITS  at  TA 

=  25°C. 

DAC-01  N 

DAC-01  G 

BIPOLAR  AND 

BIPOLAR  AND 

UNIPOLAR 

UNIPOLAR 

PARAMETER 

SYMBOL 

CONDITIONS 

UMIT 

LIMIT 

UNITS 

Nonlineartty 

NL 

VS=±15V 

1/4 

1/2 

LS.B.  MAX 

Zero-Scale  tallage 

V8  =  ±15V 

25 

35 

mV  MAX 

WAFER  TEST  LIMITS  at  Vs=  ±15V,  TA=25°C,  unless  otherwise  noted. 


DAC-01 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Unipolar  Full-Scale  Output 

2k(l  Load.  Logic  <  0.8V,  Short  V-  to  Full-Scale  Trim.  Unipolar/ 

10.00 

VMIN 

Voltage  (Atl  Models) 

VFR 

Bipolar  to  Ground,  and  Scale  Factor  to  Sum  Node 

11.75 

VMAX 

2k<l  Load,  Short  Sum  Node  to  Unipolar/Bipolar. 

Short  V-  to  Full-Scale  Trim  and  Scale  Factor  to  Sum  Node. 

Bipolar  Output  Voltage 

Vfb* 

Logic  Inputs  <  0.8V 

+4.93 

VMIN 

±5  Volt  Range 

Vfr- 

Logic  Inputs  >  2.0V 

-5.94 

V  MAX 

±10  Volt  Range 

Open-Scale  Factor 

VFRt 

Logic  Inputs  <  0.8V 

+9.78 

VMIN 

Vfh- 

Logic  Inputs  £  2.0V 

-11.89 

V  MAX 

Bipolar  Offset  Voltage 

±5  Volt  Range 

±1/2 

LSB  MAX 

±milVf„tl-lVmJ) 

±10  Volt  Range 

Resolution 

6 

Bits  MAX 

Logic  Input  "0" 

V,NL 

0.8 

V  MAX 

Logic  Input  "1" 

VlNH 

2 

VMIN 

Logic  Input  Current,  Each  Input 

v0v 

±8 

fiAMAX 

Power  Supply  Rejection 

PSR 

±  12V  £  Vs<  ±18V.  Vs  =  10.0V 

0.15 

%FS/VMAX 

Power  Consumption 

Pd 

No  Load 

250 

mW  MAX 

NOTE: 


Electrical  tests  are  performed  at  water  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  25°  C. 


DAC-01  N 

DAC-01  G 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

TYPICAL 

UNITS 

Settling  Time 

Is 

To  ±1/2  LSB 

1.5 

1.5 

1* 

Full-Scale  Tempco 

TCVF8 

VS=±1SV 

SO 

90 

ppm/°C 
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DAC-01  6-BIT  VOLTAGE-OUTPUT  D/A  CONVERTER 


BASIC  CIRCUIT  CONNECTIONS 


FULL-SCALE  ADJUSTMENT  TECHNIQUE 


BURN-IN  CIRCUIT 


r 

OAC-Qt 

|14 

tj 

9 

f&  MM 

«u. 1 — iW— 

< 

-ISW 

OPTIONAL  ZERO-SCALE  OR 
BIPOLAR  OFFSET  ADJUSTMENT 


ADDITION  OF  7th  BIT 


-M- 


usa 


7-BIT 

DIGITAL 

INPUT 


\  OUTPI 

r 


APPLICATIONS  INFORMATION 
INPUT  CODES 

The  DAC-01  uses  standard  complementary  binary  coding  for 
unipolar  operation  (all  inputs  logic  high  produces  zero  out- 
put voltage).  One's  complement  coding  may  be  implemented 
by  shorting  pin  11  to  pin  12  and  inverting  the  MSB  (all  other 
bits  are  not  inverted).  Complementary  offset  binary  coding 
may  be  Implemented  by  shorting  pin  11  to  pin  12,  and  inject- 
ing approximately  5pA  into  pin  11  (which  is  at  ground  poten- 
tial) by  using  the  "optional  Zero-Scale  or  bipolar  offset 
adjustment"  circuit.  Two's  complement  code  is  achieved 
when  the  MSB  for  complementary  offset  binary  is  inverted. 

FULL-SCALE  ADJUST 

A  500(1  pot  from  pin  14  to  V-  can  be  used  to  adjust  the 
Full-Scale  output  voltage  to  exactly  10  volts  In  unipolar  mode 
or  10  to  20  volts  peak-to-peak  in  bipolar  mode.  If  no  pot  Is 
used,  connect  pin  14  to  V-. 

SCALE  FACTOR 

For + 10  volts  or  ±5  volt  outputs,  short  pin  10  to  pin  11  (adjusts 
the  feedback  resistor  around  the  output  amplifier).  For  ±10 
volt  output,  leave  pin  10  open.  Intermediate  output  voltages 
may  be  obtained  by  placing  a  pot  between  pin  10  and  pin  1 1 . 
This  will,  however,  seriously  degrade  the  Full-Scale  tempera- 
ture coefficient  due  to  the  mismatch  between  the 
+1150ppm/°C  tempco  of  the  diffused  resistors  and  the  pot 
tempco. 

CAPACITiVE  LOADS 

When  driving  capacitive  loads  greater  than  SOpF  in  Unipolar 
mode  or  30pF  In  Bipolar  mode  a  100pF  capacitor  may  be 
placed  from  pin  11  to  ground  for  added  stability. 

LOWER  RESOLUTION  APPLICATIONS 

When  less  than  6  bits  of  resolution  is  required,  connect 
unused  bits  to  a  voltage  level  greater  than  +2.0  volts.  The  +5 
volt  logic  supply  is  adequate. 
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iPMi)  DAC  -  02/DAC  -  03/DAC  -  05 

10-BIT- PLUS-SIGN  VOLTAGE-OUTPUT 
D/A  CONVERTERS 


Precision  Monolithics  Inc. 


FEATURES 

•  Complete    Includes  Reference  and  Op  Amp 

•  Compact  Single  18-Pln  DIP  Package 

•  Bipolar  Output   (±10V)  Sign-Magnitude  Coding 

•  DAC-03  —  Unipolar  Only;   +5Vor+10V 

•  Monotonlclty  Guaranteed 

•  Nonlirtearity   ±1  LSB 

•  Fast  2.0ps  Settling  Time 

•  Stable   Full-Scale  Tempco60ppm/°C 

•  Low  Power  Consumption   300mW  Max 

•  TTL,  CMOS  Compatible  Inputs 

•  MIL-STD-883  Class  B  Processing  Available  on  DAC-05 

ORDERING  INFORMATION  t 


MONO- 

PACKAGE:  18-PIN  HERMETIC  DIP 

TONOCITY 

MILITARY 

BITS 

TEMP* 

COMMERCIAL  TEMP 

10 

OAC05AX 

OAC02ACX  OAC03ADX  DAC05EX 

8 

DAC02CCX  DAC03CDX   

7 

OAC02DDX     

'For  devices  processed  in  lotal  compliance  to  MIL-STD-883.  add  /8B3  aller 
part  number.  Consult  factory  lor  883  data  sheet! 

f  Burn-in  is  available  on  commercial  and  industrial  temperature  range  pens  in 
cerdlp,  plastic  dip,  and  TO-cen  packages.  For  ordering  information,  see  1986 
Data  Book,  Section  2. 


GENERAL  DESCRIPTION 

The  DAC-02  and  DAC-05  are  complete  10-bit  plus  sign  D/A 
converters  on  a  single  monolithic  chip.  All  elements  of  a 
complete  sign-magnitude  DAC  are  included;  precision  vol- 


tage reference,  current  steering  logic,  current  sources,  R-2R 
resistor  network,  logic-controlled  polarity  switch,  and  high 
speed  internally-compensated  output  op  amp.  Monotonicity 
guaranteed  over  the  entire  temperature  range  is  achieved 
using  an  untrimmed  diffused  R-2R  resistor  network.  The  buf- 
fered reference  input  is  capable  of  tracking  over  a  wide  range 
of  voltages,  increasing  application  flexibility.  The  wide  power 
supply  range,  low  power  consumption,  wide  logic  input 
compatibility  and  sign-magnitude  coding  assures  utility  in  a 
wide  range  of  applications  including  CRT  displays,  data 
acquisition  systems,  A/D  converters,  servo  positioning  con- 
trols, and  audio  digitizing/reconstruction  systems. 

The  DAC-03  is  similar  In  construction  to  the  DAC-02/DAC-05 
except  for  a  unipolar  only  output.  This  device  is  intended  for 
low  cost,  limited  temperature  range  applications,  with  the 
same  general  specifications  as  its  premium  counterparts. 


PIN  CONNECTIONS 


at  (T  •  v 

»)  SIGN  BIT 

a]  rr 

JU  refout 

M  (T 

111  V> 

B4[I 

7T]  REF  IN 

ssfT 

77]  analog  output 

BO  (T 

771  ANALOG  GROUND 

B7  (T 

«]  V- 

sa  [7 

]T]  DIGITAL  GROUND 

89  [7 

t£]StO 

18-PIN  DIP 
(X-Sufflx) 


SIMPLIFIED  SCHEMATIC 


— CMGJTA1  LOGIC  WPUTI- 


II        tlT  J       BIT  4       BIT  I        BIT «       ml        BIT  •       BIT  •       BIT  10     SI  CM  ft 


ANALOG  CROUNO 
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DAC-02/DAC-03/DAC-05 10-BIT-PLU8-S1QN  VOLTAGE-OUTPUT  D/A  CONVERTER 


ABSOLUTE  MAXIMUM  RATINGS  (Note) 


Operating  Temperature  Range 

DAC-05A   -55°  C  to  + 125°  C 

DAC-02  and  DAC-03,  All 

DAC-05E  0°Cto+70,'C 

Storage  Temperature  Range   -65°Cto  +  150oC 

V+ Supply  to  Analog  Ground  0to+18V 

V- Supply  to  Analog  Ground    0  to -18V 

Analog  Ground  to  Digital  Ground   0  to  ±0.5V 

Logic  Inputs  to  Digital  Ground   -SV  to  (V  +  -0.7V) 

Internal  Reference  Output  Current   300>A 

Reference  Input  Voltage  0  to  +  10V 

Internal  Power  Dissipation   SOOmW 


Lead  Temperature  (Soldering,  60  sec)   300°  C 

Output  Short-Circuit  Duration    Indefinite 

(Short  circuit  may  be  to  ground  or  either  supply.) 
NOTE:  For  ambient  temperatures  above  100°  C  derate  100mW/°C. 

OUTPUT  VOLTAGE  RANGE  SELECTION  TABLE 

OUTPUT  ADD  AS 

VOLTAGE               SUFFIX  TO 
PRODUCT  RANGE  PART  NO. 

DAC02  +10V  1 

DAC03  Oto  +  lOV  1 

DAC03  0  to  +5V  2 

DAC0S  +10V  1 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1SV,  0  <  TA  <  +70°C  for  DAC-02  and  DAC-05E,  TA  =  25°  C  for  DAC-03 
and  -55  <  TA  <  +  125°C  for  DAC-05A,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC-02 

DAC-03 

DAC-05 

MIN 

TYP 

MAX 

UNITS 

Monotonlcfty 

AC 
CC 
DO 

AO 
CO 

A/E 

10 
8 

7 

- 

- 

Bits 

Non  I  i  n  earity 

NL 

AC 
CC 
00 

AD 
CD 

A/E 

— 


— 



±0.1 
±0.2 
±0.4 

%  FS 

Full-Scale  Tempco 

Tc 

INT  REF 

AC/CC 
DO 

ALL 

A 

E 

- 
- 

±60 
±45 

±60 

±100 
±150 

ppm/*C 

EXT  REF 

ALL 

ALL 

ALL 

— 

±30 
±40 

ppm/°C 

Settling  Time 

Is 

To  1/2  LSB,  10V  Step  (Note  4) 

ALL 

ALL 

ALL 

— 

2 

— 

*s 

Full  Range  Output 
Voitage  iNoiel) 

Vfh 

VFn*lSBHighl 
VFR_  [SB  Low) 
DAC-03  +10V 
+5V 

ALL 
ALL 

ALL 
ALL 

ALL 
ALL 

+  10 
-11.5 

+  10 
+5.00 

+  11.5 
-10 
+  11.5 
+5.75 

Volts 

Zero-Scale  Offset 

Vzs 

SB  High.  All  other  logic 
Inputs  low.  TA  =  25'C 

ALL 

ALL 

ALL 

±1 
±1 
±5 

±5 
±10 
±10 

mV 

TA  =  Min  or  Max 

ALL 

ALL 

±2 

±10 

mV 

Zero-Scale  Symmetry 

Vzss 

(Note  21 

AC/CC 
OO 

N/A 

ALL 

±1 
±1 
±4 

±5 
±10 
±10 

mV 

Full  Range  Bipolar  Symmetry 

vFRS 

VFBt-|VFB_| 
(Note  3) 

AC/CC 
DD 

N/A 

±30 
±30 

±60 
±80 

mV 

TA  =  Min  or  Max 
TA=2S'C 

ALL 
ALL 

±20 
±10 

±70 
±50 

mV 
mV 

Reference  Input  Bias  Current 

'd 

ALL 

ALL 

ALL 

100 

nA 

Reference  Input  Impedance 

Z,N 

ALL 

ALL 

ALL 

200 

Mfl 

Reference  Input  Slew  Rate 

SR 

ALL 

ALL 

E 
A 

1.5 
2 

V/pS 

Reference  Output  Voltage 

Vref 

ALL 

ALL 

ALL 

6.7 

Volts 

Logic  Input  Current 

I.N 

Each  input 

-5V  to  (V+  -  0.7)V 

ALL 

ALL 

ALL 

±1 

±10 

fA 

Logic  Input  0 
Logic  Input  1 

ALL 
ALL 

ALL 
ALL 

ALL 
ALL 

2 

0.8 

Volts 
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DAC-02/DAC-03/DAC-CS  10-BIT-PLUS-StGN  VOLTAGE-OUTPUT  D/A  CONVERTER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  +15V,  0  <  TA  <  +70°C  for  DAC-02  and  DAC-05E.  TA  =  25°C  for  DAC-03 
and  -55  <  TA<  +  125°C  for  DAC-05A,  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC-02 

DAC-03 

DAC-05 

MIN 

TYP 

MAX 

UNITS 

Positive  Supply  Current  ■  - 

l+ 

SB  High.  All  other 
logic  inputs  low. 

AC/CC 
DO 

ALL 

ALL 

- 

+7 
+7 

+10 
+  11.6 

mA 

Negative  Supply  Current 

I- 

SB  High.  All  other 
logic  inputs  low. 

AC/CC 
DD 

ALL 

ALL 

z 

-9 
-9 
-10 

-10 
-11.6 
-11.6 

mA 

Vs  =  ±12to±18V 

TA  =  Min  to  Max 

TA  =  2S«C 

AC/CC 

±0.015 

±0.05 

Power  Supply  Sensitivity 

Pss 

DD 

ALL 

ALL 
ALL 

±0.015 
±0.05 
±.02 

±0.1 
±0.1 
±.05 

%vfs/v 

AC/CC 

225 

300 

Power  Dissipation 

Pi 

'out'0 

TA=25°C 

TA  =  Min  to  Max 

DD 

ALL 

ALL 
ALL 

225 
200 
250 

350 
300 
350 

mW 

Output  Drive  Current 

'o 

Guaranteed  by  VFR  test 

ALL 

ALL 

ALL 

5 

mA 

NOTES: 

1.  Reference  outputterminal  connected  directly  to  reference  input  terminal,  3.  Full-scale  bipolar  symmetry  is  the  magnitude  of  the  difference  between 
RL  =  2kn  for  10V  devices.  RL  =  1  kn  for  5V  devices,  all  logic  inputs  > 2.0V.  VFR,  and  |VFR.| . 

2.  Zero-scale  symmetry  is  the  change  in  the  output  voltage  produced  by  4.  Guaranteed  by  design, 
switching  the  sign-bit  with  all  logic  bits  low  | Vzst  -  V^j. 


BURN-IN  CIRCUIT 


+18V  -18V 


<?  9 


18 

17 

16 

15 

14 

13 

12 

11 

10 

) 

1 

2 

3 

4 

S 

6 

7 

6 

9 

NOTE  :   PINS  14. 15,  &  17  MUST  NOT  BE  CONNECTED  TO 
A  COMMON  BUS  BETWEEN  DEVICES. 


1MB 


8/87,  Rev.  B 


PMI) 


\  DAC-02/DAC-O3/DAC-O5  10-BIT-PLUS-SIGN  VOLTAGE-OUTPUT  D/A  CONVERTER 


DICE  CHARACTERISTICS 


1. 

BIT  1-MSB 

10. 

BIT  10 

2. 

BIT  2 

11. 

DIGITAL  GROUND 

3. 

BIT  3 

12. 

V- 

4. 

BIT  4 

13. 

ANALOG  GROUND 

5. 

BIT  5 

14. 

ANALOG  OUTPUT 

6. 

BIT  6 

15. 

REF  IN 

7. 

BIT  7 

16. 

V+ 

B. 

BIT  8 

17. 

REF  OUT 

9. 

BIT  9 

18. 

SIGN  BIT 

DIE  SIZE  0.162  X  0.090  Inch;  14,580  sq.  mils 
(4.114  X  2.2B6  mm,  9.405  sq.  mm) 


For  additional  DICE  ordering  Information,  refer 
to  19B8  Data  Book,  Section  2. 

NOTE: 

Voltage  output  range  programmable  by  connecting 
"(10V]  lo  analog  output  for  10  volt  range.  Jumps  Irom 
" (5V|  to  analog  output  for  5  volt  range,  t  Bits  11  &  12  (not 
normally  used] 


WAFER  TEST  LIMITS  at  Vs  = 

±  15V,  TA  =  25°  C  and  +  10V  f ul 

-scale  output,  unless  otherwise  noted. 

DAC-02-N 

DAC-02-G 

PARAMETER 

CONDITIONS 

LIMIT 

LIMIT 

UNITS 

Resolution 
(Bits  11  and  12 
Not  Normally  Used] 

Bipolar  Output 

13 

13 

Bits  MAX 

Unipolar  Output 

12 

12 

Monolonlclty 

9 

8 

Bits  MIN 

Nonllnearity 

±0.1 

±0.2 

%  FS  MAX 

Zero-Scale  Offset 

Sign  Bit  High,  All  Other 
Inputs  Low 

±10 

±10 

mV  MAX 

Zero-Scale  Symmetry 

±10V  Full-Scale 

±5 

±5 

mV  MAX 

Full-Scale  Bipolar  Symmetry 

+  10V  Full-Scale 

±60 

±60 

mV  MAX 

Power  Supply  Rejection 

VS=±12V  to  ±  18V 

0.05 

0.05 

%Vfs/V  MAX 

Power  Dissipation 

Iout=0 

300 

300 

mW  MAX 

Logic  Input  "0" 

0.B 

0.8 

V  MAX 

Logic  Input  "1" 

2 

2 

VMIN 

Full  Range 

Sign-Bit 

±11.5 

±11.5 

VMAX 

Output  Voltage 

High  or  Low 

±10 

±10 

V  MIN 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after 

packaging  is  not 

guaranteed  for  standard  product  dice.  Consult  factory  to  negoliale  specifications  based  on  dice  lol  qualification  through  sample  lot  assembly 

and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15Vand  +10V  full-scale  output,  unless  otherwise  noted. 

□AC-02-N 

DAC-02-G 

PARAMETER 

SYMBOL  CONDITIONS 

TYPICAL 

TYPICAL 

UNITS 

Full-Scale  Tempco 

TCVFS 

Internal  Reference 

60 

60 

ppm/°C 

Settling  Time  (TA  =  25°C) 

t» 

To  ±  1/2  LSB  10  Volt  Step 

2 

2 

us 

Logic  Input  Current 

l|N 

TA=25°C 

1 

1 

C/3 
UJ 

> 

2 
O 

U 

CJ 

o 

-J 

< 
2 
< 

6 

H 

o 
5 


NOTE: 

When  ordering  DICE  in  this  series,  use  DAC-02  numbers  and  grades  above. 
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DAC-02/DAC-03/DAC-0S 10-BIT-PLUS-SIGN  VOLTAGE-OUTPUT  0/A  CONVERTER 


TYPICAL  APPLICATIONS 

The  DAC-02's,  DAC-03's  and  DAC-05's  logic  input  stages 
require  about  1pA  and  are  capable  of  operation  with  inputs 
between  -5  volts  and  V+  less  0.7  volt.  This  wide  input  voltage 
range  allows  direct  CMOS  interfacing  in  most  applications, 
the  exception  being  where  the  CMOS  logic  and  D/A  converter 
must  use  the  same  positive  power  supply. 

In  this  special  case,  a  diode  should  be  placed  in  series  with 
the  CMOS  driving  device's  VDDlead  as  shown  in  Figure  1.  The 
diode  limits  VDto  V+  less  0.7  volt — since  the  output  from  the 
CMOS  device  cannot  exceed  this  value,  the  DAC's  maximum 
input  voltage  rule  is  satisfied.  Summarizing:  in  all  applica- 
tions, the  DAC-02,  DAC-03  and  DAC-05  require  either  no 
interfacing  components,  or  at  most  a  single  inexpensive 
diode  for  full  CMOS  compatibility. 


will  be  obtained  if  a  low  tempco  resistor  is  used  or  if  pot  and 
resistor  tempcos  match.  Alternatively,  a  single  pot  of  <72kfl 
may  be  used. 

REFERENCE  INPUT  BYPASS 

Lowest  noise  and  fastest  settling  operation  will  be  obtained 
by  bypassing  the  reference  input  to  analog  ground  with  a 
0.01  jiF  disk  capacitor. 

GROUNDING 

For  optimum  noise  rejection,  separate  digital  and  analog 
grounds  have  been  brought  out.  Best  results  will  be  obtained 
if  these  grounds  are  connected  together  at  one  point  only, 
preferably  near  the  DAC-02,  DAC-03  and  DAC-05  package, 
so  that  the  large  digital  currents  do  not  flow  through  the 
analog  ground  path. 


CMOS  LOGIC  INTERFACE  CIRCUIT 


DAC-02/03/OS 


LOGIC  INPUTS 


VOLTAGE 
OUTPUT 
 0 


INPUT8<V«  LESS 
0.7  VOLTS 


V00 


*SS 


1 


CONNECTION  INFORMATION 
FULL-SCALE  ADJUSTMENT  CIRCUIT 


  DIGITAL  INPUTS  t 

SIGN  • 

■SB  LSBBITV* 

99999999999 


HEF 
OUT  . 


SCALE 

ADJUST  C*-0" 
KIT  [ 


5 


© 


ANALOG 

TO  CURRENT  \OUTPUT 
SOURCE  DRIVER 


FULL-SCALE  ADJUSTMENT 

Full-scale  output  voltage  may  be  trimmed  by  use  of  a  poten- 
tiometer and  series  resistor  as  shown;  however,  best  results 


APPLICATIONS  INFORMATION 

LOWER  RESOLUTION  APPLICATIONS 

For  applications  not  requiring  full  10-bit  resolution,  unused 
logic  inputs  should  be  tied  to  ground. 

UNIPOLAR  OPERATION 

Operation  as  a  10-bit  straight  binary  converter  may  be 
implemented  by  permanently  tying  the  sign-bit  to  +5V  (for 
positive  full-scale  output)  or  to  ground  (for  negative  full- 
scale  output).  In  the  DAC-03  only,  Pin  18  unipolar  enable  is 
tied  to  Pin  17. 

POWER  SUPPLIES 

The  DAC-02,  DAC-03  and  DAC-05  will  operate  within  specifi- 
cations for  power  supplies  ranging  from  ±  12V  to  ±  18V.  Power 
supplies  should  be  bypassed  near  the  package  with  a  0.1/jF 
disk  capacitor. 

CAPACITIVE  LOADING 

The  output  operational  amplifier  provides  stable  operation 
with  capacitive  loads  up  to  100pF. 

REFERENCE  OUTPUT 

For  best  results,  reference  output  current  should  not  exceed 
100jiA. 

USE  WITH  EXTERNAL  REFERENCES 

Positive-polarity  external  reference  voltages  referred  to 
analog  ground  may  be  applied  to  the  reference  input  termi- 
nal to  improve  full-scale  tempco,  to  provide  tracking  to  other 
system  elements,  or  to  slave  a  number  of  DAC-02's,  DAC-03's 
and  DAC-05's  to  the  reference  output  of  any  one  of  them. 
This  reference  voltage  should  be  between  +5V  to  +7V  for 
optimum  performance. 

SIGN  PLUS  MAGNITUDE  CODING  TABLE 
(DAC-02,  DAC-03  and  DAC-05) 

SIGN-BIT  MSB  LSB 


+  FULL  SCALE 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

+  HALF-SCALE 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ZERO-SCALE  (+) 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ZERO-SCALE  (-) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-  HALF-SCALE 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-  FULL-SCALE 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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DAC-06 

TWO  V  COMPLEMENT  10-BIT  VOLTAGE-OUTPUT 

D/A  CONVERTER 


<\ itll  ICS  Inc. 


FEATURES 

•  Complete  Includes  Reference  and  Op  Amp 

•  Compact  Single  18-Pln  DIP  Package 

•  Bipolar  Output  Two's  Complement  Coding 

•  Monotonldty  Guaranteed 

•  Nonfinearlty  ±1  LSB 

•  Fatt  1.5iis  Settling  Time 

•  Low  Power  Consumption  300mW  Max 

•  TTL,  CMOS  Compatible  Inputs 


ORDERING  INFORMATION! 


MONO- 

PACKAGE  18-PIN  HERMETIC  DIP 

TONICITY 

MILITARY 

COMMERCIAL 

BITS 

TEMP 

TEMP 

10 

DAC-06EX 

9 

DAC-06BX" 

DAC-06FX 

'For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  alter 
part  number.  Consult  factory  for  883  data  sheet. 

t  Burn-In  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cardlp,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book,  Section  2. 


GENERAL  DESCRIPTION 

The  DAC-06  is  a  complete  10-bit  two's  complement  D/A 
converter  on  a  single  90  x  163  mil  monolithic  chip.  All  ele- 
ments of  a  complete  bipolar  output  two's  complement  DAC 


are  Included  —  precision  voltage  reference,  current  steering 
logic,  current  sources,  R-2R  resistor  network,  bipolar  offset 
circuit  and  high  speed  internally  compensated  output  op 
amp.  Monotonlcity  guaranteed  over  the  entire  operating 
temperature  range  is  achieved  using  an  untrlmmed  diffused 
R-2R  resistor  network.  The  buffered  reference  input  is 
capable  of  tracking  over  a  wide  range  of  voltages,  increasing 
application  flexibility.  The  user  may  also  easily  implement 
one's  complement,  straight  offset  binary,  or  unipolar  opera- 
tion. The  ±12V  to  ±18V  power  supply  range,  low  power 
consumption,  TTL  and  CMOS  compatibility,  wide  logic  input 
compatibility  and  adaptable  logic  coding  capability  assure 
utility  In  a  wide  range  of  applications. 

PIN  CONNECTIONS 


SION  BIT  1  (T  #V" 

u)  bipolar  adjust 

BIT  2  0? 

it]  reference  output 

BIT  3  LT 

u]  POSITIVE  POWER  SUPPLY 

BIT  4  [J_ 

»]  REFERENCE  INPUT 

BIT  S  [7 

m]  ANALOG  OUTPUT 

BIT  0  LZ 

ll]  ANALOO  GROUND 

bit  ?  rr 

u}  NEGATIVE  POWER  SUPPLY 

bit  e  Lt 

■TJ  DIGITAL  GROUND 

BIT  S  LT 

raj  BIT  IB  LSB 

18-PIN  DIP  (X-SUFFIX) 

SIMPLIFIED  SCHEMATIC 
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o 
o 

I 

< 

I 

o 

t 

o 

p— < 

Q 


-DIGITAL  LOGIC  INPUTS 
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OUTPUT 


DIGITAL 
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O- 


ANALOG  GROUND 
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DAC-08  TWO  S-COMPLEMENT  10-BIT  VOLTAGE-OUTPUT  D/A  CONVERTER 


ABSOLUTE  MAXIMUM  RATINGS 


Operating  Temperature  Range 

DAC-06B   -55°Cto+125°C 

DAC-06E,  F   0°C  to  +70°C 

DICE  Junction  Temperature  (Tj)    -65°C  to  +150°C 

Storage  Temperature  Range   -65°Cto+150,>C 

V+ Supply  to  Analog  Ground  0to+18V 

V- Supply  to  Analog  Ground    0  to -18V 

Analog  Ground  to  Digital  Ground   0  to  +0.5V 


Logic  Inputs  to  Digital  Ground    -5V  to  (V+  -0.7)V 

Internal  Reference  Output  Current   300pA 

Reference  Input  Voltage  0  to  +10V 

Bipolar  Offset  Input  Voltage   0to+10V 

Internal  Power  Dissipation    500mW 

Lead  Temperature  (Soldering,  60  sec)   300° C 

Output  Short-Circuit  Duration    Indefinite 


[Short  circuit  may  be  to  ground  or  either  supply) 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V;  -55°C  <  TA  <  +125"C  for  DAC-06B;  and  0°C  <  TA  <  +70°C  for 
DAC-06E  &  F,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC-06 

MIN 

TYP 

MAX 

UNITS 

Resolution 

All 

10 





Bits 

Monotonicity 

E 
B/F 

10 
9 



- 



- 

Bits 

Nonlinearity 

TA=25'"C 

E 

B/F 

- 

- 

±0.1 
±0.2 

%FS 

NL 

TA  =  Full  Temp. 

E 
B/F 

±0.2 
±0.3 

<K>FS 

Full-Scale  Tempco 

Total  Internal 
Ref  Connected 

B 

E/F 

- 

±45 
+45 

+90 
±100 

ppm/°C 

TCVFS 

Zero  Drift  Ext 
Ref  Applied 

AC) 

±30 

ppm/°C 

Settling  Time 

tS 

To  ±1/2  LSB,  10V  Step 

All 

— 

1.5 

— 

JiS 

Unipolar  Zero-Scale  Output 

Vzs 

Short  Pin  18  to        TA  =  25°C 

All 

— 

±1 

±5 

mV 

Ground  iNote  1)      TA  =  Full  Temp. 

All 

±2 

±10 

mV 

Bipolar  Offset  Voltage 

BP  Off 

Connect  Pins  15, 17  &  18  (Note  3i 

All 

-5 

+2.5 

%  Range 

Full  Range  Output  Voltage 

Vfr 

Connect  Pin  15  to  17  (Note  2) 
RL  =  2kf> 

All 

10 

11.5 

V 

Reference  Input  Bias  Current 

'b 

All 

100 

nA 

Reference  Input  Impedance 

Z|N 

All 

200 

M(l 

Reference  Input  Slew  Rate 

SR 

All 

1.5 

V/|1S 

Reference  Output  Voltage 

Vref 

All 

6.7 

V 

Logic  Input  Current 

'in 

Each  Input  -5V  to  (V+  -0.7|V 

AM 

1 

10 

MA 

Logic  Input  "0" 

VlNL 

All 

0.8 

V 

Logic  Input  "1" 

V1NH 

All 

2 

V 

Power  Supply  Sensitivity 

VS  =  ±12V IO+18V  T*~25°C  

All 

±0.02 

±0.05 

*FS/V 

Pss 

TA  =  Full  Temp. 

All 

±0.02 

±0.1 

*FS/V 

Supply  Current 

l+ 

TA  =  25°C 

All 

7 

10 

mA 

I- 

All 

-9 

-10 

mA 

Power  Dissipation 

TA  =  25'C 

All 

250 

300 

mW 

Pd 

TA  =  Full  Temp. 

All 

350 

mW 

NOTES: 

1.  May  be  operated  in  the  0  to  +10V  unipolar  mode  by  shorting  Pin  16  to 
Ground. 

2.  vFn=  |VFR+|  +  |VFR-|  and  is  trimmable  to  exactly  10V  range  with  the  circuit 
shown  in  typical  applications. 

3.  Bipolar  offset  voltage  is  trimmable  to  exact  two's  or  one's  complement 
condition  with  the  circuit  shown  in  typical  applications. 
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DAC-08  TWO'S-COMPLEMENT  10-BIT  VOLTAGE-OUTPUT  D/A  CONVERTER 


TYPICAL  APPLICATIONS 

ADJUSTING  FOR  TWO'S  COMPLEMENT  CODING 

1 .  Connect  Full-Scale  Adjust  and  Bipolar  Adjust  Circuitry  as 
shown  in  figure. 

2.  Turn  all  bits  OFF  (VFS--1LSB)  =  1000000000 

3.  Adjust  Bipolar  Pot  for  VFs  at  output  -5.000V 

4.  Turn  all  bits  ON  (VFR+)  =  0111111111 

5.  Adjust  Full-Scale  Pot  for  desired 

VFR+ value  +4.990V 

6.  Check  Zero-Scale  Reading  (Vzs)  =  0000000000 

If  this  reading  is  outside  desired  Vzs  range,  readjust  Bi- 
polar Pot  until  the  output  reads  0.0000V. 

TWO'S  COMPLEMENT  CODING  TABLE 


MSB 

INPUT 

LSB 

IDEAL 
OUTPUT 

VFS+-1LSB 

0  1 

1 

1 

1  1  1 

1 

1  1 

+4.990V 

VFS+-2LSB 

0  1 

1 

1 

1   1  1 

1 

1  0 

+4.980V 

+  1LSB 

0  0 

0 

0 

0  0  0 

0 

0  1 

+0.010V 

Zero 

0  0 

0 

0 

0  0  0 

0 

0  0 

0.000V 

-1LSB 

1  1 

1 

1 

1  1  1 

1 

1  1 

-0.010V 

VFS_+1LSB 

1  0 

0 

0 

0  0  0 

0 

0  1 

-4.990V 

VFS- 

1  0 

0 

0 

0  0  0 

0 

0  0 

-5.000V 

ADJUSTING  FOR  ONE'S  COMPLEMENT  CODING 

1.  Connect  Full-Scale  Adjust  and  Bipolar  Adjust  Circuitry  as 
shown  in  above  figure. 

2.  Turn  all  bits  OFF  (VFR_)  =  1000000000 

3.  Adjust  Bipolar  Pot  for  VFR_at  output  -5.0000V 

4.  Turn  all  bits  ON  (VFR+)  =  0111111111 

5.  Adjust  Full-Scale  Pot  for  desired 

VFR+  value  +5.0000V 

ONE'S  COMPLEMENT  CODING  TABLE 


MSB 

INPUT 

LSB 

IDEAL 
OUTPUT 

VFS+-1LSB 

0  1 

1 

1 

1   1  1 

1 

1  1 

+5.000V 

VFS+-2LSB 

0  1 

1 

1 

1   1  1 

1 

1  0 

+4.990V 

+0 

0  0 

0 

0 

0  0  0 

0 

0  0 

+0.005V 

-0 

1  1 

1 

1 

1  1  1 

1 

1  1 

-0.005V 

VFS-+2LSB 

1  0 

0 

0 

0  0  0 

0 

0  1 

-4.990V 

VFS-  +  1LSB 

1  0 

0 

0 

0  0  0 

0 

0  0 

-5.000V 

Note  that  two  zero  states  will  straddle  (±  1/2  LSB)  the  true  zero.  Therefore  the 
OAC  will  give  symmetrical  outputs  (or  both  positive  and  negative  full-scale. 


REFERENCE  OUTPUT 

For  best  results,  reference  output  current  should  not  exceed 
100/iA. 

POWER  SUPPLIES 

The  DAC-08  will  operate  within  specifications  for  power 
supplies  ranging  from  ±  12V  to  ±  18V.  Power  supplies  should 
be  bypassed  near  the  package  with  a  0.1  jiF  disk  capacitor. 
Chip  users  should  connect  the  substrate  to  V-. 

GROUNDING 

For  optimum  noise  rejection,  separate  digital  and  analog 
grounds  have  been  brought  out.  Best  results  will  beobtained 
if  these  grounds  are  connected  together  at  one  point  only, 
preferably  at  the  DAC-06  package,  so  that  large  digital 
currents  do  not  flow  through  the  analog  ground  path. 

CAPACITIVE  LOADING 

The  output  operational  amplifier  provides  stable  operation 
with  capacitive  loads  up  to  lOOpF. 

FULL-SCALE  OUTPUT  RANGE  AND 
BIPOLAR  OFFSET  ADJUSTMENT  CIRCUIT 


-DIGITAL  INPUTS  - 


LSB 


SIGH  BIT  tl    T2  ?3    T«   T»  T»   I*    !»  T»  T'O 


ANALOG 
GNO"' 


□ 


TO  CURRENT 
SOURCE  ORIVER 


IS  REF 
OUT 


17  B!f> 
AOJ 

Mtfl  I  20UI 


18    DtO  111  1 12 

°i  1 


FULL  SCALE 
ADJUST  POT* 


62HT1*  LOW  T.C. 


BIPOLAR  OFFSET  ADJUST  POT' 

■SEE  APPLICATION  NOTES  FOR  OETAILS. 
"TIE  TO  GROUND  FOR  UNIPOLAR  OPER- 
ATION. 

'"GROUNDING  -  FOR  OPTIMUM  NOISE  RE- 
JECTION. SEPARATE  DIGITAL  AND  ANA- 
LOG GROUNDS  HAVE  BEEN  BROUGHT 
OUT.  BEST  RESULTS  WILL  BE  OBTAINED 
IF  THESE  GROUNDS  ARE  CONNECTED 
TOGETHER  AT  ONE  POINT  ONLY.  PREFER- 
ABLY NEAR  DAC-06  PACKAGE.  SO  THAT 
THE  LARGE  DIGITAL  CURRENTS  DO  NOT 
FLOW  THROUGH  THE  ANALOG  GROUNO 
PATH. 


EXTERNAL  ADJUSTMENT  NETWORK 

Full-scale  output  range  and  bipolar  offset  may  be  adjusted 
by  using  the  circuit  shown  in  the  figure  above.  Best  results 
will  be  obtained  when  low  tempco  pots  and  resistors  are 
used,  or  if  pot  and  resistor  tempcos  match. 
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u 
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DAC-06  TWO'S-COMPLEMENT  10-BIT  VOLTAGE-OUTPUT  D/A  CONVERTER 


CODE  CONVERSION  TO  OFFSET  BINARY 

Offset  binary  coding  is  exactly  the  same  as  two's  complement 
coding  except  that  the  most  significant  bit  occurs  in  true, 
rather  than  inverted  form  and  the  output  states  are  relabeled. 
To  convert  the  DAC-06  to  offset  binary  code  operation, 
simply  place  a  logic  inverter  in  series  with  the  MSB  input 
(Pin  1 )  and  invert  the  MSB  value  shown  in  steps  2,  4  and  6  of 
the  two's  complement  adjustment  procedure  shown  above. 


OFFSET  BINARY  CODING  TABLE 


CMOS  LOGIC  INTERFACE  CIRCUIT 


MSB 

INPUT 

LSB 

IDEAL 
OUTPUT 

VFS+-1LSB 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

+  4.990V 

VFS+-2LSB 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

+  4.980V 

ZERO 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.00 

-1LSB 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

-0.005V 

VFS.  +  1LSB 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

-4.990V 

Vfs- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-5.000V 

INTERFACING  WITH  CMOS  LOGIC 

The  DAC-06  logic  input  stages  require  about  VA  and  are 
capable  of  operation  with  inputs  between  -5  volts  and  V+  less 
0.7  volt.  This  wide  input  voltage  range  allows  direct  CMOS 
interfacing  in  most  applications,  the  exception  being  where 
the  CMOS  logic  and  D/A  converter  must  use  the  same 
positive  power  supply. 

In  this  special  case,  a  diode  should  be  placed  in  series  with 
the  CMOS  driving  device's  Vqd  lead  as  shown  in  Figure  1.  The 
diode  limits  VD  to  V+  less  0.7  volt  —  since  the  output  from  the 
CMOS  device  cannot  exceed  this  value,  the  DAC's  maximum 
input  voltage  rule  is  satisfied.  Summarizing:  in  all  applica- 
tions, the  DAC-06  requires  either  no  interfacing  components, 
or  at  most  a  single  inexpensive  diode  for  full  CMOS 
compatibility. 


LOGIC  IMUTS 


\ 
/ 


OUTPUT 
 O 


2 


INKLJI5  ■  V*  LESS 
0  7  VOLTS 


£MQ5  LHUVIM] 
0  IVICt 


1 


BURN-IN  CIRCUIT 


\ 

* 

18 

17 

IE 

15 

Id 

13 

12 

11 

10 

3 

1 

2 

3 

4 

5 

G 

7 

( 

t 

NOTE:  PINS  14.  IS.  &  17  MUST  NOT  BE  CONNECTED  TO 
A  COMMON  BUS  BETWEEN  OEVICES 


11-24 


7/87,  Rev.  B 


PMi)  DAC-08 

8-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 
(UNIVERSAL  DIGITAL  LOGIC  INTERFACE! 


>tithics  Inc. 


FEATURES 

•  Fast  Settling  Output  Current  85ns 

•  Full-Scale  Current  Prematched  to  ±1  LSB 

•  Direct  Interface  to  TTL,  CMOS,  ECL,  HTL,  PMOS 

•  Nonllnearlly  to  .0.1%  Maximum  Over  Temperature  Range 

•  High  Output  Impedance  and 

Compliance    -10Vto+18V 

•  Complementary  Current  Outputs 

•  Wide  Range  Multiplying  Capability  ...  1MHz  Bandwidth 

•  Low  FS  Current  Drift  ±10ppm/°C 

•  Wide  Power  Supply  Range   ±4.SVto±18V 

•  Low  Power  Consumption   33mW@±SV 

•  Low  Cost 

GENERAL  DESCRIPTION 

The  DAC-08  series  of  8-bit  monolithic  digttal-to-analog 
converters  provide  very  high-speed  performance  coupled 
with  low  cost  and  outstanding  applications  flexibility. 

Advanced  circuit  design  achieves  85ns  settling  times  with 
very  low  "glitch"  energy  and  at  low  power  consumption. 
Monotonic  multiplying  performance  is  attained  over  a  wide 
20  to  1  reference  current  range.  Matching  to  within  1  LSB 
between  reference  and  full-scale  currents  eliminates  the 
need  for  full-scale  trimming  In  most  applications.  Direct 

EQUIVALENT  CIRCUIT 


interface  to  all  popular  logic  families  with  full  noise  immunity 
is  provided  by  the  high  swing,  adjustable  threshold  logic 
input. 

High  voltage  compliance  complementary  current  outputs  are 
provided,  increasing  versatility  and  enabling  differential 
operation  to  effectively  double  the  peak-to-peak  output 
swing.  In  many  applications,  the  outputs  can  be  directly 
converted  to  voltage  without  the  need  for  an  external  op  amp. 

All  DAC-08  series  models  guarantee  full  8-bit  monotonlclty, 
and  nonllnearitles  as  tight  as  ±0.1%  over  the  entire  operating 
temperature  range  are  available.  Device  performance  is 
essentially  unchanged  over  the  ±4.5  to  ±18V  power  supply 
range,  with  33mW  power  consumption  attainable  at  ±SV 
supplies. 

The  compact  size  and  low  power  consumption  make  the 
DAC-08  attractive  for  portable  and  military/aerospace  appli- 
cations; devices  processed  to  MIL-STD-883,  Level  B  are 
available. 

DAC-08  applications  include  8-blt,  1/ts  A/D  converters,  servo 
motor  and  pen  drivers,  waveform  generators,  audio  encoders 
and  attenuators,  analog  meter  drivers,  programmable  power 
supplies,  CRT  display  drivers,  high-speed  modems  and  other 
applications  where  lowcost,  high  speed  and  complete  input/ 
output  versatility  are  required. 


t/3 
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u 
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J 81          o  B2          pB3         oB4          o  85  o  B6  o  07  o  B3 
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DAC-08  8-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


ABSOLUTE  MAXIMUM  RATINGS 

Operating  Temperature 

DAC-08AQ,  Q  ;  -55"  C  to +125°  C 

DAC-08HQ,  EQ,  CQ,  HP,  EP,  CP,  CS   0°C  to  +70°C 

DICE  Junction  Temperature  (Tj)    -65°  C  to +150°  C 

Storage  Temperature  Q  Package   -65°C  to  150°C 

Storage  Temperature  P  Package   -65°C  to  +  125°C 

Power  Dissipation    500mW 

Derate  above  100°  C   10mW/°C 

Lead  Temperature  (Soldering,  60  sec)   300°C 

V+  Supply  to  V-  Supply   36V 


Logic  Inputs   ,   V- to  V- plus  36V 

VLC   V-toV+ 

Analog  Current  Outputs  (at  Vs-=  15V)  4.25mA 

Reference  Input  (V14  to  V^)   V-  to  V+ 

Reference  Input  Differential  Voltage 

(V14toV15)   ±18V 

Reference  Input  Current  (I14)   5.0mA 

NOTE:  Absolute  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted.' 


ELECTRICALCHARACTERISTICSatVs=±15V,lREF=2.0mA,-55oC<TA<  +  125°CforDAC-08/08A.0°C<TA<+70°Cfor 
DAC-08C,  E  &  H,  unless  otherwise  noted.  Output  characteristics  refer  to  both  I  out  and  I  out- 


DAC-08  A/H 

DAC-08E 

DAC-08C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN  TYP 

MAX 

MIN  TYP 

MAX 

UNITS 

Resolution 

8 

8  - 

8  - 

Bits 

Monotonicity 

a 

8  — 

8  - 

Bits 

NonlineBrity 

NL 

±0.1 

±0.19 

±0.39 

%FS 

Settling  Time 

's 

To  ±1/2  LSB.  all  bits  switched 
ON  or  OFF.TA=2S'C.  iNotei 

85 

135 

-  85 

150 

—  85 

150 

ns 

Propagation  Delay 

Each  bit 

'PLH 

TA  =  25'C 

35 

60 

-  35 

60 

-  35 

GO 

ns 

All  bits  switched  . 

'PHL 

INotet 

35 

60 

-  35 

60 

-  35 

60 

Full-ScaEe  Tempco 
iNote) 

TCIFS 

DAC-0SE 

±10 

±50 

-  ±10 

±80 
±50 

-  ±10 

±80 

ppm/"C 

Output  Voltage  Compliance  Full-Seate  current  change 

iTrue  Compliance)  V°°  <1/2  LSB.  R0UT  >  20MI1  typical 


Full  Range  Current 

'FR4 

VnEF  -  10.0OOV 
R,4.  R,5  =  5.O00kn 
TA=+25"C 

1.984     1.992  2.000 

1.94 

1.99  2.04 

1.94 

1.99  2.04 

mA 

Full  Range  Symmetry 

'fbs 

'ffw  -  'fbj 

-      ±0.5  ±4 

11  ±8 

±2  ±16 

«A 

Zero-Scale  Current  Izs  -       0.1         1  -       0  2         2  -       0.2         4  *»A_ 


IOR           R14.  Ri5  =  5.000kll                        21         -        -            2.1         -        -            2.1         -  - 
Output  Current  Range             1          VREF  - +15.0V.  V- = -10V  mA 
 '     8  VR£F-+25.0V.V-  =  -12V  4.2        -        —  4.2        -        -  4.2        -  —  


Output  Current  Noise 

'heF  =  2mA 

25 

25 

25 

nA 

Logic  Input  Levels 
Logic  "0" 
Logic  Input  "t" 

V|L 

VLC  =  0V 

2 

08 

2 

0.8 

2 

0.8 

V 

Logic  Input  Current 
Logic  "0" 
Logic  Input  "1" 

'lL 
'lH 

vtc-ov 

V,N--10VIO+0.8V 
V,N  -  2.0V  to  18V 

-2 
0.002 

-10 
10 

-2 
0.002 

-10 
10 

-2 
0.002 

-10 
10 

*A 

Logic  Input  Swing 

Vis 

V-  =  -15V 

-10 

+  18 

-10 

+  18 

-10 

+18 

V 

Logic  Threshold  Range 

Vthr 

VS-±15V.  (Notel 

-10 

+  13.5 

-10 

+  13.5 

-10 

+13.5 

V 

Reference  Bias  Current 

'l5 

-1 

-3 

-1 

-3 

-1 

-3 

1* 

Reference  Input  Slew  Rate 

dl/dt 

REO  "  20011  See  fast  pulsed 
RL  »  lOOn   rel.  info. 
Ccs0pF     following.  (Note) 

4 

8 

4 

8 

4 

8 

Power  Supply  Sensitivity 

PSSIFst 
PSSIFS_ 

V+  =  4.5V  lo  18V 
V-  = -4.5V  to -18V 
'ref  =  1-OmA 

±0.0003 
±0.002 

±0.01 
±0.01 

±0.0003 
±0.002 

±0.01 
±0.01 

±0.0003 
±0.002 

±0.01  *J)o/ViV+ 
±0.01  IfcJSlo/VJV- 

NOTE:  Guaranteed  by  design. 
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DAC-08  8-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


ELECTRICAL  CHARACTERISTICS  at  VS=±15V,  lREF=2.0mA,-55°C<TA<  +  125oCforDAC-08/'08Al0°C<TA<+70oCfor 
DAC-08C,  E  &  H,  unless  otherwise  noted.  Output  characteristics  refer  to  both  I  out  and  Iqut-  (Continued) 


DAC-08A/H 


DAC-08E 


DAC-08C 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

l+ 

VS  =  ±5V.IREF  =  1.0mA 

2.3 

3.8 

2.3 

3.8 

2.3 

3.8 

1- 

-4.3 

-5.8 

-4.3 

-5.8 

-4.3 

-5.8 

Power  Supply  Current 

1+ 

Vs  -  +5V,  -15V,  lREF  -  2.0mA 

2.4 
-8.4 

3.6 
-7.8 

2.4 
-8.4 

3.8 
-7.8 

2.4 
-8.4 

3.8 
-7.8 

mA 

1+ 

V8  =  ±1SV,  lREF  =  2.0mA 

2.5 

3.8 

2.5 

3.8 

2.5 

3.8 

1- 

-B.5 

-7.8 

-8.5 

-7.8 

-8.5 

-7.8 

±5V,IREP=  1.0mA 

33 

48 

33 

48 

33 

48 

Power  Dissipation 

Pd 

+5V,-15V,lREF  =  2.0mA 

108 

138 

103 

138 

108 

136 

mW 

±15V,  lREF  =  2.0mA 

135 

174 

135 

174 

135 

174 

NOTE;  Guaranteed  by  design. 


ORDERING  INFORMATION! 


PIN  CONNECTIONS 


18-PIN  DUAL-IN-LINE  PACKAGE 

OPERATING 

TEMPERATURE 

NL 

HERMETIC 

PLASTIC 

LCC 

RANGE 

0.1% 

DAC08AO- 

MIL 

DAC08HO 

DAC08HP 

COM 

0.18% 

DAC08O' 

DAC08RC/883 

MIL 

DAC08EQ 

DAC08EP 

COM 

0.39% 

DAC08CQ 

DAC08CP 
DACOSCStt 

COM 

'  For  devices  processed  In  totel  compliance  to  MIL-STD-883,  add  /B83  alter 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-In  is  availableon  commercial  and  industrial  tempereture  range  perts  in 

cerdip,  plestic  dip,  end  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book,  Section  2. 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 

contact  your  local  sales  office. 


vie  E 

3  COMPENSATION 

lowf  Li 

3D  vRef  l-> 

33  VREF  <♦) 

lour  LT 

17]  V* 

MSB  B1  LT 

«]  BSIS8 

82  LT 

iTJ  B7 

B3  fT 

jE  b< 

at  [T 

T]  BS 

16-PIN  DUAL-IN-LINE 
PACKAGE 
(Q-Sufflx) 


16-LEAD  SO 
(S-Sufflx) 


'  LULULLllSlbiJN 

V-  3  Et  vR£fW 

'OUT  7]  [»  V> 

N.C.  7J  QI  N.C 

ISBB1  JJ  Qb  B8LSB 

B2  7]  |j7  67 


DAC-08RC/883 
20-LEAD  LCC 
(RC-Sufflx) 
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pjT^J^  DAC-08  8-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 
DICE  CHARACTERISTICS    (125°  C  TESTED  DICE  AVAILABLE) 


9.  BIT  5 

10.  BIT  6 

11.  BIT  7 

12.  BITS  (LSB) 

13.  V  + 

1«-  VBEF(+) 

15.  VBEF(-) 

16.  COMP 


information,  refer 


- 


WAFER  TEST  LIMITS  at  Vs  =  ±15V,  lREF  =  2.0mA,  TA=  125°C  for  DAC-08NT,  DAC-08GT  devices;  TA  =  25° C  for  DAC-08N. 
DAC-08G  and  DAC-08GR  devices,  unless  otherwise  noted.  Output  characteristics  apply  to  both  l0UT  and  I0ut- 


DAC-08NT 

DAC-08N 

DAC-08GT 

DAC-08G 

DAC-08GR 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Resolution 

8 

8 

8 

8 

8 

Bits  MIN 

Monotonicity 

8 

8 

8 

8 

8 

Bits  MIN 

Nonlinearity 

NL 

+  0.1 

±0.1 

+  0.19 

+  0.19 

+  0.39 

%FS  MAX 

Output  Voltage 

Full-Scale  Current 

r18 

+  18 

+  18 

t  18 

-  18 

VMAX 

Compliance 

v0c 

Change  <  1/2  LSB 

-10 

-10 

-10 

-10 

-10 

V  MIN 

Full-Scale  Current 

lFS4or 
'fS2 

VREF  =  10.000V 
R,4,  R15  =  5.000kll 

2.04 
1.94 

2.04 
1.94 

2.04 
1.94 

204 
1.94 

2.04 
1.94 

mA  MAX 
mA  MIN 

Full-Scale  Symmetry 

'fss 

±8 

±8 

±8 

±8 

±16 

fiA  MAX 

Zero-Scale  Current 

I2S 

2 

2 

4 

4 

4 

nA  MAX 

V-  =  -10V. 
IFS1°'  Vref=+15V 
Output  Current  Range  V-  =  -12V. 

VBEF  =  +25V 
FS2  R„.  R15=  S.OOOkll 


Logic  Input  "0" 

0.6 

0.8 

0.8 

0.8 

0.8 

V  MAX 

Logic  Input  "1" 

V,H 

2 

2 

2 

2 

2 

V  MIN 

Logic  Input  Current 
Logic  "0" 
Logic  "1" 

IlL 
l|H 

V,c  =  0V 

V,N  =  -10Vto+0.8V 
V|N  =  2.0V  to  18V 

±10 
±10 

±10 
±10 

±10 
±10 

±10 
±10 

±10 
±10 

uA  MAX 

Logic  Input  Swing 

v,s 

V-  =  -15V 

+  18 
-10 

+  18 
-10 

+  18 
-10 

-H8 
-10 

+  18 
-10 

V  MAX 
VMIN 

Reference  Bias 
Current 

'15 

-3 

-3 

-3 

-3 

-3 

liA  MAX 

Power  Supply 
Sensitivity 

PSSIf£, 
PSSIfs. 

V+  =  4.5V  to  18V 
V-  =  -4.5V  to -18V 
lREF  =  1.0mA 

0.01 

0.01 

0.01 

0.01 

0.01 

%FS/%V  MAX 

Power  Supply  Current 

1+ 

VS=±15V 
lBEF  -  2.0mA 

3.8 
-7.8 

3.8 
-7.8 

38 

-7.8 

38 
-7.8 

3.8 
-7.8 

mA  MAX 

Power  Dissipation 

Pa 

VS=±15V 
'rEF  —  2.0mA 

174 

174 

174 

174 

174 

mW  MAX 

NOTE: 

Electrical  tests  are  performed  at  waler  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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DAC-08  8-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  and  lREF  =  2.0mA,  unless  otherwise  noted.  Output 
characteristics  apply  to  both  Iqut  ar|d  'out- 


ALL  GRADES 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

UNITS 

Reference  Input 
Slew  Rate 

dl/dt 

8 

mA//js 

Propagation  Delay 

tpLH.tPHL 

TA=  25°  C,  Any  Bit 

35 

ns 

To +  1/2  LSB,  All  Bits 

Settling  Time 

!s 

Switched  ON  or  OFF, 
TA=25°C 

65 

ns 

NOTE: 

For  DACOBNT  &  GT  25°  C  characteristics,  see  DAC08N  &  G  characteristics 
respectively. 
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DAC-OB  8-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


FULL-SCALE  CURRENT  vs 
REFERENCE  CURRENT 


T/l  -  Thin  TO  Tmak 
ALL  8 ITS  L  Mrefr 


IREF,  REFERENCE  CURRENT  ImA) 


2M 

a 

i 


LSB  PROPAGATION 
DELAY  vs  lFS 


\ 


Miiii  il 


an     8uH      ai  U  » 

0.01  005  0.2  1.0  5.0 
lFS.  OUTPUT  FULL  SCALE  CURRENT  (mAl 


t-  2 

?  „ 

I  -4 


REFERENCE  INPUT 
FREQUENCY  RESPONSE 


1  i    i  i  I  i 

HM  -  f  IS  ■  1101  • 

RL  <■  soon 

ALL  BITS  -OH" 
Vbis ■  IK 


il 


I  I  I 

CENTEBEP  AT  *l  DV  LARGE 
LARGE  SIGNAL 

Cc  ■  Hn^VrN 

CENTERED  AT 
SMALL  SIGNAL 


1  0 


2.0 


FREQUENCY  IMHi) 


REFERENCE  AMP 
COMMON-MODE  RANGE 


1 

_  Ti  *  Tuitj  Tfi  Tua.v 

ALL  BITS  ON 

r  .-i  j  i  i 

.  NOTE:  POSITIVE  COMMON  MODE 
RANGE  IS  ALWAYS  (VtJ  -I.5V 

L_ 

— 

V- 

-15V 

V- 

■  -5 

_ 

V 



V 

5V 

1 

1 

IREF  ■  2mA 

1 

mA.  - 

-H 

it 

FF 
■  fti 

w 

i 

1 

LOGIC  INPUT  CURRENT  vs 
INPUT  VOLTAGE 


£  M 

g 

i 

20 


1 

V15.  REFERENCE  COMMON  MODE  VOLTAGE  IVOLTS) 


a  -4.0     o     4.0    a.o    12.0  16.0 

LOGIC  INPUT  VOLTAGE  IVOLTS) 


Vth  '  Vtc  W  TEMPERATURE 


I  «50        «100  *150 

TEMPERATURE  l°C) 


OUTPUT  CURRENT  vs 
OUTPUT  VOLTAGE (OUTPUT 
VOLTAGE  COMPLIANCE) 


I* 
i" 

■X 

I" 


ALL  EUTS  O 

N 

ta 

tmi 

TO  T 

MAX 

V-  ■ 

-15\ 

V- 

-  -S 

l*EF  "  2mA 

1 

1 

1  1 

—  1 

1 

IEF  "  1">A 

-h 

— H— 

iHEf  'O.ltaA 

1 

I 

OUTPUT  VOLTAGE  COMPLIANCE 
vs  TEMPERATURE 

•  28  0 


•  24  0 


•  160 

•  12.0 


-Id    -10     -6      -2       2       6       10       14  IB 
OUPUT  VOLTAGE  IVOLTSI 


-  SHADED  AREA  INDICATES  PER  - 
MISSIBLE      OUTPUT  VOLTAGE 

-  RANGE  FOR  V  -  •  -1SV.  IheF  <  - 
2.0mA 

FOR  OTHER  V-  OR  IREF.  SEE 

-  OUTPUT  CURRENT  VS  OUTPUT  - 
VOLTAGE  CURVE 


0  *M        *\tO  *VJ» 

TEMPERATURE  (°C| 


I  " 

£  10 

I  0.8 

£  0.6 

0.2 


BIT  TRANSFER 
CHARACTERISTICS 


NOTE    B1  THROUGH  BB  HAVE  IDENTICAL  TRANSFER 
CHARACTERISTICS.  BITS  ARE  FULLY  SMUTCHED.  WITH 
'LESS  THAN  1/2  LS«  ERROR   AT  LESS  THAN  IlOOmV 
FROM     ACTUAL     THRIIHOLO     TMEJE  SWITCHING 
POINTS  ARE  GUARANTEED  TO  LIE  BETWEEN  O  S  AMD 
2.0  VOLTS  OVER  TNI  OPERATING  TEMPERATURE 
RANGE  (vLc  -  O.OVI. 

1  1 

81 

B2  ~ 

V- 

-  -5\ 

83 

8 

5 

V-  -  -ItjV 

1  I 

I — — ' 

D  -JJJ  D  ID  U  12  0  tE.0 
LOGIC  INWJT  VOLtAQE  IVOLTSl 
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DAC-08  8-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


S  10 


POWER  SUPPLY 
CURRENT  vs  V+ 


Alt  BITS  "HIOH"  OR  "LOW"  . 


2.0  4.0  0.0  aO  10.0 12  0  14.0  16.0  10.0  20.0 
V*,  POSITIVE  POWER  SUPPLY  {Vdc) 


POWER  SUPPLY 
CURRENT  vsV- 


1  1  II  1 

1 

I-  WITH  IREF  "  2n»A 

1-  WITH  IREF  " 

hi  I  I  i 

1 

—  WITH  IREF  ■  0.2mA  _ 

I* 

-4.0       -0.0       -12.0      -16.0  -20.0 
>.0        -&0      -10.0      -14.0  -18.0 
V-.  NEGATIVE  POWER  SUPPLY  (Vdc! 


POWER  SUPPLY  CURRENT 
vs  TEMPERATURE 


\  ao 


1  1 

_  ai  i  cit*  "utnu"  eio 

"LOW"  - 

V-  -  -15V 

t- 

ire 

F  •  2.0mA 

-+15V 

1+ 

0  +60  +100 

TEMPERATURE  fcl 


BASIC  CONNECTIONS 
ACCOMODATING  BIPOLAR  REFERENCES 


?*VREF 


Rref<i„ 

l|Nr  >\ 


IREF  >  PEAK  NEGATIVE  SWING  OF  l|N 


RREF-R.5 


RIB 
[OPTIONAL) 

Vin'  \    i  o — W.  

HIGH  INPUT 
IMPEDANCE 


+VREF  MUST  BE  ABOVE  PEAK  POSITIVE  SWING  OF  V|N 


BASIC  POSITIVE  REFERENCE  OPERATION 


IREF 

♦  Vrefo  VW 


10  +  10  ■  'FR  FOR 
ALL  LOGIC  STATES 


31  02  03  04  BS  06  07  B8 

nnm?_  _lo 

)45   6    7   S    9  10  11  12  \   0 

l/— 15 

'»    3       16     13      1        /  O 


Jo.l,F 
I 


FOR  FIXEO  REFERENCE, 
TTL  OPERATION. 
TYPICAL  VALUES  ARE: 

vref  -  *io.ooov 

RREF  -  6.000k 

R15  ■  RREF 

CC  -  O.OlpF 

VLC  "  OV  (GROUND) 


BASIC  UNIPOLAR  NEGATIVE  OPERATION 


IflEF  ' 
2.000mA 


MSB  LSB 
61  B2  B3  B4  BS  06  OJ  B8 


'o  V — i 


B1 

B2 

B3 

B4 

BS 

B6 

B7 

BS 

lomA 

ItfiiA 

Eo 

FULL  RANGE 

1 

1 

1 

1 

1 

1 

1 

1 

1.992 

0.000 

-9.960 

-  .000 

HALF-SCALE  +LSB 

1 

0 

0 

0 

0 

0 

0 

1 

1.008 

0.9B4 

-5.040 

-4.920 

HALF-SCALE 

1 

0 

0 

0 

0 

0 

0 

0 

1.000 

0.992 

-5.000 

-4.960 

HALF-SCALE  -LSB 

0 

1 

1 

1 

1 

1 

1 

1 

0.992 

1.000 

-4.960 

-5.000 

ZERO-SCALE  +  LSB 

0 

0 

0 

0 

0 

0 

0 

1 

0.008 

1.984 

-0.040 

-9.920 

ZERO-SCALE 

0 

0 

0 

0 

0 

0 

0 

0 

0.000 

1.992 

0.000 

-9.960 
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DAC-08  8-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


BASIC  CONNECTIONS 

BASIC  BIPOLAR  OUTPUT  OPERATION 


IREFW  ■ 
2.000mA 


TTTTTTTT 


B1 

B2 

B3 

B4 

B5 

B8 

B7 

B8 

Eo 

Eo 

POS.  FULL  RANGE 

1 

1 

1 

1 

1 

1 

1 

1 

-  9.920 

+  10.000 

POS.  FULL  RANGE  -LSB 

1 

1 

1 

1 

1 

1 

1 

0 

-  9.840 

+  9.920 

ZERO-SCALE +LSB 

1 

0 

0 

0 

0 

0 

0 

1 

-  0.080 

+  0.160 

ZERO-SCALE 

1 

0 

0 

0 

0 

0 

0 

0 

0.000 

+  0.080 

ZERO-SCALE -LSB 

0 

1 

1 

1 

1 

1 

1 

1 

+  0.080 

0.000 

NEG.  FULL-SCALE  +LSB 

0 

0 

0 

0 

0 

0 

0 

1 

+  9.920 

-  9.840 

NEG.  FULL-SCALE 

0 

0 

0 

0 

0 

0 

0 

0 

+10.000 

-  9.920 

RECOMMENDED  FULL-SCALE  ADJUSTMENT  CIRCUIT 


BASIC  NEGATIVE  REFERENCE  OPERATION 


L0WT.C 
VREF  AJBkO 
♦  TCVO       9       Vy\  i 

£39U1  1  

>      |REF<*1  *  2mA 

:  > 

!0tO}>— «  -T  

POT  <  1 

1  AFPAOX 

±  t 

r 


R15 
-AW  


.  rYBEf 
"ref 


NOTE.  RREF  SETS  IFS:  R1E  IS  FOR 

BIAS  CURRENT  CANCELLATION. 


OFFSET  BINARY  OPERATION 


tOkfl 
_VA- 


♦  10V 

v0 

6 

REF-01 

5 

4 

B1  B2Q3  B4BS  B0B7  E. 

nnnn 


y»    y-    Cc  vlc 


6  6 

♦15V  -«V 


81 

B2 

B3 

B4 

B5 

B8 

B7 

B8 

Eo 

POS.  FULL  RANGE 

1 

1 

1 

1 

1 

1 

1 

1 

+4.960 

ZERO-SCALE 

1 

0 

0 

0 

0 

0 

0 

0 

0.000 

NEG.  FULL-SCALE +1  LS 

B  0 

0 

0 

0 

0 

0 

0 

1 

-4.960 

NEG.  FULL-SCALE 

0 

0 

0 

0 

0 

0 

0 

0 

-5.000 

^  6 

-15V 
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DAC-08  8-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


BASIC  CONNECTIONS 

POSITIVE  LOW  IMPEDANCE  OUTPUT  OPERATION 


NEGATIVE  LOW  IMPEDANCE  OUTPUT  OPERATION 


T~1 


0  TO  *tFR  '  RL 
'FR-HltREF 


FOR  COMPLEMENTARY  OUTPUT  (OPERATtONAS  A  NEGATIVE  LOGIC  DACI. 
CONNECT  INVERTING  INPUT  OF  OP-AMP  TO  >0  (PIN  2);  CONNECT  to  {PIN  «) 
TO  GROUND. 


=1 


0  TO  -IFS  •  «L 
iFfl  -fjllREF 


FOR  COMPLEMENTARY  OUTPUT  (OPERATION  AS  A  NEGATIVE  LOGIC  DACI, 
CONNECT  NONINVERTING  INPUT  OF  OP-AMP  TO  lo  (PIN  2):  CONNECT  lo  (PIN 
4)  TO  GROUND. 


INTERFACING  WITH  VARIOUS  LOGIC  FAMILIES 


Pi 


o 
(J 

u 
o 

1 

< 

o 

o 

Q 


TTL,  OTL 
VTH  '  »MV 


VTH  -  VLC  »MV 
♦15V  CMOS 
VTH  _  «T-6V 

3-H5V 


VLC 


> 


X 


VlC 

— 0 


CMOS,  HTL,  NMOS 


TO  PIN  1 
 OVLC 


TO  PIN  1 
— OVLC 


T" 


400,1a 


TEMPERATURE  COMPENSATING  VLC  CIRCUITS 


APPLICATIONS  INFORMATION 

REFERENCE  AMPLIFIER  SET-UP 

The  DAC-08  is  a  multiplying  D/A  converter  In  which  the 
output  current  is  the  product  of  a  digital  number  and  the 
input  reference  current.  The  reference  current  may  be  fixed 
or  may  vary  from  nearly  zero  to +4.0m  A.  The  full-scale  output 
current  is  a  linear  function  of  the  reference  current  and  is 
given  by: 

255 

•fr=       x  Iref.  where  lREF  =  l14. 

In  positive  reference  applications,  an  external  positive  refer- 
ence voltage  forces  current  through  R14  into  the  Vrefi+i  ter- 
minal (pin  14)  of  the  reference  amplifier.  Alternatively,  a  neg- 
ative reference  may  be  applied  to  VREF(-)  at  pin  15;  reference 
current  flows  from  ground  through  RM  into  VREF(+)  as  in  the 
positive  reference  case.  This  negative  reference  connection 
has  the  advantage  of  a  very  high  impedance  presented  at  pin 


15.  The  voltage  at  pin  14  is  equal  to  and  tracks  the  voltage  at 
pin  15  due  to  the  high  gain  of  the  internal  reference  amplifier. 
R15  (nominally  equal  to  Ru)  is  used  to  cancel  bias  current 
errors;  R15  may  be  eliminated  with  only  a  minor  increase  in 
error. 

Bipolar  references  may  be  accomodated  by  offsetting  VREF 
or  pin  15.  The  negative  common-mode  range  of  the  reference 
amplifier  is  given  by:  VCM-=  V-  plus  (lREFx  ikfl)  plus  2.5V. 
The  positive  common-mode  range  is  V+  less  1.5V. 

When  a  DC  reference  is  used,  a  reference  bypass  capacitor  is 
recommended.  A  5,0V  TTL  logic  supply  is  not  recommended 
as  a  reference,  if  a  regulated  power  supply  is  used  as  a 
reference,  R14  should  be  split  into  two  resistors  with  the 
junction  bypassed  to  ground  with  a  0.1pF  capacitor. 

For  most  applications  the  tight  relationship  between  iREFand 
lFS  will  eliminate  the  need  for  trimming  Iref-  I'  required, 
full-scale  trimming  may  be  accomplished  by  adjusting  the 
value  of  Ri4,  or  by  using  a  potentiometer  for  R14.  An  improved 


11-33 


7/87,  Rev.  A1 


DAC-08  8-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


method  of  full-scale  trimming  which  eliminates  potentiome- 
ter T.C.  effects  is  shown  in  the  recommended  full-scale 
adjustment  circuit. 

Using  lower  values  of  reference  current  reduces  negative 
power  supply  current  and  increases  reference  amplifier  neg- 
ative common-mode  range.  The  recommended  range  for 
operation  with  a  DC  reference  current  is  -(-0.2mA  to  -(-4.0mA. 

REFERENCE  AMPLIFIER  COMPENSATION  FOR 
MULTIPLYING  APPLICATIONS 

AC  reference  applications  will  require  the  reference  amplifier 
to  be  compensated  using  a  capacitor  from  pin  16  to  V-.  The 
value  of  this  capacitor  depends  on  the  impedance  presented 
to  pin  14:  for  Rf4  values  of  1 .0, 2.5  and  5.0kn,  minimum  values 
of  Cc  are  15,  37,  and  75pF.  Larger  values  of  R*»  require 
proportionately  increased  values  of  Cc  for  proper  phase 
margin,  such  that  the  ratio  of  Cc(pF)  to  R14  (kn)  =  15. 

For  fastest  response  to  a  pulse,  low  values  of  R14  enabling 
small  Cc  values  should  be  used.  If  pin  14  is  driven  by  a  high 
impedance  such  as  a  transistor  current  source,  none  of  the 
above  values  will  suffice  and  the  amplifier  must  be  heavily 
compensated  which  will  decrease  overall  bandwidth  and 
slew  rate.  For  R14  =  1  kn  and  Cc  =  15pF,  the  reference  ampli- 
fier slews  at  4mA/fis  enabling  a  transition  from  Iref  =  0  to 
lREF  =  2mA  in  500ns. 

Operation  with  pulse  inputs  to  the  reference  amplifier  may  be 
accomodated  by  an  alternate  compensation  scheme.  This 
technique  provides  lowest  full-scale  transition  times.  An 
internal  clamp  allows  quick  recovery  of  the  reference  ampli- 
fier from  a  cutoff  (Iref  =  0)  condition.  Full-scale  transition 
(0  to  2mA)  occurs  in  1 20ns  when  the  equivalent  impedance  at 
pin  14  is  200n  and  Cc = 0.  This  yields  a  reference  slew  rate  of 
16mA/>s  which  is  relatively  independent  of  Rin  and  V|N 
values. 

LOGIC  INPUTS 

The  DAC-08  design  incorporates  a  unique  logic  input  circuit 
which  enables  direct  interface  to  all  popular  logic  families 
and  provides  maximum  noise  immunity.  This  feature  is  made 
possible  by  the  large  input  swing  capability,  2/iA  logic  input 
current  and  completely  adjustable  logic  threshold  voltage. 
For  V-=-15V,  the  logic  inputs  may  swing  between  -10V  and 
+18V.  This  enables  direct  interface  with  +15V  CMOS  logic, 
even  when  the  DAC-08  is  powered  from  a  +5V  supply.  Min- 
imum input  logic  swing  and  minimum  logic  threshold  voltage 
are  given  by:  V-  plus  ( I ref  x  1  kfi)  plus  2.5V.  The  logic  thres- 
hold may  be  adjusted  over  a  wide  range  by  placing  an 
appropriate  voltage  at  the  logic  threshold  control  pin  (pin  1 , 
Vlc)-  The  appropriate  graph  shows  the  relationship  between 
VLC  and  Vth  over  the  temperature  range,  with  V-th  nominally 
1 .4  above  VLC.  For  TTL  and  DTL  interface,  simply  ground  pin 
1 .  When  interfacing  ECL,  an  Iref-  1  mA  Is  recommended.  For 
interfacing  other  logic  families,  see  preceding  page.  For  gen- 
eral set-up  of  the  logic  control  circuit,  it  should  be  noted  that 
pin  1  will  source  100pA  typical;  external  circuitry  should  be 
designed  to  accommodate  this  current. 

Fastest  settling  times  are  obtained  when  pin  1  sees  a  low 
impedance.  If  pin  1  is  connected  to  a  1  kn  divider,  for  exam- 
ple, it  should  be  bypassed  to  ground  by  a  0.01  mF  capacitor. 


ANALOG  OUTPUT  CURRENTS 

Both  true  and  complemented  output  sink  currents  are  pro- 
vided where  lo  +  lo  =  'f*  Current  appears  at  the  "true"  (lo) 
output  when  a  "1"  (logic  high)  is  applied  to  each  logic  input. 
As  the  binary  count  increases,  the  sink  current  at  pin  4 
increases  proportionally,  in  the  fashion  of  a  "positive  logic" 
D/A  converter.  When  a  "0"  is  applied  to  any  input  bit,  that 
current  is  turned  off  at  pin  4  and  _turned  on  at  pin  2.  A 
decreasing  logic  count  increases  lo  as  in  a  negative  or 
inverted  logic  D/A  converter.  Both  outputs  may  be  used 
simultaneously.  If  one  of  the  outputs  is  not  required  it  must 
be  connected  to  ground  or  to  a  point  capable  of  sourcing  lFs; 
do  not  leave  an  unused  output  pin  open. 

Both  outputs  have  an  extremely  wide  voltage  compliance 
enabling  fast  direct  current-to-voltage  conversion  through  a 
resistor  tied  to  ground  or  other  voltage  source.  Positive 
compliance  is  36V  above  V-  and  is  independent  of  the 
positive  supply.  Negative  compliance  is  given  by  V-  plus 
(lREFxikn)  plus  2.5V. 

The  dual  outputs  enable  double  the  usual  peak-to-peak  load 
swing  when  driving  loads  in  quasi-differential  fashion.  This 
feature  is  especially  useful  in  cable  driving,  CRT  deflection 
and  in  other  balanced  applications  such  as  driving  center- 
tapped  coils  and  transformers. 

POWER  SUPPLIES 

The  DAC-08  operates  over  a  wide  range  of  power  supply 
voltages  from  a  total  supply  of  9V  to  36V.  When  operating  at 
supplies  of  ±5V  or  less,  Iref  £  1mA  is  recommended.  Low 
reference  current  operation  decreases  power  consumption 
and  increases  negative  compliance,  reference  amplifier  neg- 
ative common-mode  range,  negative  logic  input  range,  and 
negative  logic  threshold  range;  consult  the  various  figures 
for  guidance.  For  example,  operation  at  -4.5V  with  Iref  = 
2mA  is  not  recommended  because  negative  output  com- 
pliance would  be  reduced  to  near  zero.  Operation  from  lower 
supplies  is  possible,  however  at  least  8V  total  must  be  applied 
to  insure  turn-on  of  the  internal  bias  network. 

Symmetrical  supplies  are  not  required,  as  the  DAC-08  is 
quite  insensitive  to  variations  in  supply  voltage.  Battery 
operation  is  feasible  as  no  ground  connection  is  required: 
however,  an  artificial  ground  may  be  used  to  insure  logic 
swings,  etc.  remain  between  acceptable  limits. 

Power  consumption  may  be  calculated  as  follows: 

Pd  =  (l+)  (V+)  +  (I-)  (V-).  A  useful  feature  of  the  DAC-08 
design  is  that  supply  current  is  constant  and  independent  of 
input  logic  states;  this  is  useful  in  cryptographic  applications 
and  further  serves  to  reduce  the  size  of  the  power  supply 
bypass  capacitors. 

TEMPERATURE  PERFORMANCE 

The  nonllnearity  and  monotonicity  specifications  of  the 
DAC-08  are  guaranteed  to  apply  over  the  entire  rated  operat- 
ing temperature  range.  Full-scale  output  current  drift  is  low, 
typically  ±10ppm/°C,  with  zero-scale  output  current  and 
drift  essentially  negligible  compared  to  1/2  LSB. 

The  temperature  coefficient  of  the  reference  resistor  R14 
should  match  and  track  that  of  the  output  resistor  for  min- 
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imum  overall  full-scale  drift.  Settling  times  of  the  DAC-08 
decrease  approximately  10%  at  -55°  C;  at + 125°  C  an  Increase 
of  about  15%  is  typical. 

The  reference  amplifier  must  be  compensated  by  using  a 
capacitor  from  pin  16  to  V-.  For  fixed  reference  operation,  a 
0.01 /i F  capacitor  is  recommended.  For  variable  reference 
applications,  see  previous  section  entitled  "Reference  Ampli- 
fier Compensation  for  Multiplying  Applications". 

MULTIPLYING  OPERATION 

The  DAC-08  provides  excellent  multiplying  performance 
with  an  extremely  linear  relationship  between  Ips  and  Iref 
over  a  range  of  4mA  to  4/iA.  Monotonic  operation  is  main- 
tained over  a  typical  range  of  Iref  from  100pA  to  4.0mA. 

SETTLING  TIME 

The  DAC-08  is  capable  of  extremely  fast  settling  times, 
typically  85ns  at  Iref  =  2.0mA.  Judicious  circuit  design  and 
careful  board  layout  must  be  employed  to  obtain  full  perfor- 
mance potential  during  testing  and  application.  The  logic 
switch  design  enables  propagation  delays  of  only  35ns  for 
each  of  the  8  bits.  Settling  time  to  within  1/2  LSB  of  the  LSB  is 
therefore  35ns,  with  each  progressively  larger  bit  taking 
successively  longer.  The  MSB  settles  in  85ns,  thus  deter- 
mining the  overall  settling  time  of  85ns.  Settling  to  6-bit 
accuracy  requires  about  65  to  70ns.  The  output  capacitance 
of  the  DAC-08  including  the  package  is  approximately  15pF, 
therefore  the  output  RC  time  constant  dominates  settling 
time  if  Rl  >  500fi. 

Settling  time  and  propagation  delay  are  relatively  insensitive 


to  logic  input  amplitude  and  rise  and  fall  times,  due  to  the 
high  gain  of  the  logic  switches.  Settling  time  also  remains 
essentially  constant  for  Iref  values.  The  principal  advantage 
of  higher  lREFvalues  lies  in  the  ability  to  attain  a  given  output 
level  with  lower  load  resistors,  thus  reducing  the  output  RC 
time  constant. 

Measurement  of  settling  time  requires  the  ability  to  ac- 
curately resolve  ±4pA,  therefore  a  1kfl  load  is  needed  to 
provide  adequate  drive  for  most  oscilloscopes.  The  settling 
time  fixture  shown  in  schematic  labelled  "Settling  Time 
Measurement"  uses  a  cascode  design  to  permit  driving  a  1  kfl 
load  with  less  than  5pF  of  parasitic  capacitance  at  the 
measurement  node.  At  lREF  values  of  less  than  1.0mA, 
excessive  RC  damping  of  the  output  is  difficult  to  prevent 
while  maintaining  adequate  sensitivity.  However,  the  major 
carry  from  01111111  to  10000000  provides  an  accurate 
indicator  of  settling  time.  This  code  change  does  not  require 
the  normal  6.2  time  constants  to  settle  to  within  ±0.2%  of  the 
final  value,  and  thus  settling  times  may  be  observed  at  lower 
values  of  Iref- 

DAC-08  switching  transients  or  "glitches"  are  very  low  and 
may  be  further  reduced  by  small  capacitive  loads  at  the 
output  at  a  minor  sacrifice  in  settling  time. 

Fastest  operation  can  be  obtained  by  using  short  leads, 
minimizing  output  capacitance  and  load  resistor  values,  and 
by  adequate  bypassing  at  the  supply,  reference  and  VLc 
terminals.  Supplies  do  not  require  large  electrolytic  bypass 
capacitors  as  the  supply  current  drain  is  independent  of  input 
logic  states;  0.1pF  capacitors  at  the  supply  pins  provide  full 
transient  protection. 
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DAC-10 

10-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 
(UNIVERSAL  DIGITAL  LOGIC  INTERFACE) 


Precision  MnnolithicS  Inc. 


FEATURES 

•  Fast  Settling  85ns 

•  Low  Full-Scale  Drift   10ppm/°C 

•  Nonlinearity  to  0.05%  Max  Over  Temp  Range 

•  Complementary  Current  Outputs   0  to  4mA 

•  Wide  Range  Multiplying  Capability  ...  1MHz Bandwidth 

•  Wide  Power  Supply  Range  . .  +5,  -7.5  Min  to  ±18V  Max 

•  Direct  Interface  to  TTL,  CMOS,  ECL,  PMOS,  NMOS 


ORDERING  INFORMATION! 

NL 

18-PIN  HERMETIC 
DUAL-IN-LINE  PACKAGE 

LSB 

MILITARY  TEMP.        COMMERCIAL  TEMP. 

+  1/2 
+  1 

DAC10BX*  DAC10FX 
DAC10CX  DAC10GX 

*  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  alter 
part  number.  Consult  factory  for  883  data  sheet. 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  198B 
Data  Book,  Section  2. 


GENERAL  DESCRIPTION 

The  DAC-10  series  of  10-bit  monolithic  multiplying  digital- 
to-analog  converters  provide  high-speed  performance  and 
full-scale  accuracy. 

Advanced  circuit  design  achieves  85ns  settling  times  with 
very  low  'glitch'  energy  and  low  power  consumption.  Direct 
interface  to  all-popular  logic  families  with  full  noise  immunity 
is  provided  by  the  high-swing,  adjustable-threshold  logic 
inputs. 


All  DAC-10  series  models  guarantee  full  10-bit  monotonicity, 
and  nonlinearities  as  tight  as  ±0.05%  over  the  entire  oper- 
ating temperature  range  are  available.  Device  performance  is 
essentially  unchanged  over  the  +18V  power  supply  range, 
with  85mW  power  consumption  attainable  at  lower  supplies. 

A  highly  stable,  unique  trim  method  is  used,  which  selectively 
shorts  zener  diodes,  to  provide  1/2  LSB  full-scale  accuracy 
without  the  need  for  laser  trimming. 

Single-chip  reliability  coupled  with  low  cost  and  outstanding 
flexibility  make  the  DAC-10  device  an  ideal  building  block  for 
A/D  converters,  Data  Acquisition  systems,  CRT  display, 
programmable  test  equipment,  and  other  applications  where 
low  power  consumption,  input/output  versatility,  and  long- 
term  stability  are  required. 


PIN  CONNECTIONS 


18-PIN  HERMETIC  DIP 
(X-Sulflx) 


SIMPLIFIED  SCHEMATIC 


MSS  LSi 

!V*  9V|.C  OBI  OB2  OB3  064  OBS  OB6  OB7  OM  OB9  OBU 
15  1  5  6  (7  U  b  10  II  12  13  H 


4  "O 

■O 


Manufactured  under  one  or  more  of  the  following  patents.  4.055.770. 4.056,740. 4,092.639. 
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ABSOLUTE  MAXIMUM  RATINGS 

Operating  Temperature 

DAC-10BX,  CX    -55°Cto+125°C 

DAC-10FX,  GX   0°Cto+70°C 

DICE  Junction  Temperature  (Tj)    -65"  C  to +150°  C 

Storage  Temperature    -65°C  to  + 150° C 

Power  Dissipation    500mW 

Derate  above  100°  C  10mW/°C 

Lead  Temperature  (Soldering,  60  sec)   300°C 

V+  Supply  to  V-  Supply  . . . . ;   36V 


Logic  Inputs    V- to  V- plus  36V 

VLC   V-  to  V+ 

Analog  Current  Outputs    +  18V  to  -18V 

Reference  Inputs  (V16  to  V17)   V-  to  V+ 

Reference  Input  Differential  Voltage 

(Vl6toV17)    +18V 

Reference  Input  Current  (1, 6)   2.5mA 


NOTE:  Absolute  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V;  lREF  =  2mA;  -55°  C  <  TA<  125° C  for  DAC-10B  and  DAC-10C, 
0°C  <  TA<  70°C  for  DAC-10F  and  G.  unless  otherwise  noted.  Output  characteristics  apply  to  both  I  out  and  I  out- 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC-10B/F 
MIN      TYP  MAX 

DAC-10C/G 
MIN      TYP  MAX 

UNITS 

Monotonicity 

10 

10 

Bits 

Nonlinearity 

NL 

0.3 

0.5 

0.6  1 

LSB 

Differential  Nonlinearity 

DNL 

0.3 

1 

0.7  - 

LSB 

Settling  Time 

Is 

All  Bits  Switched  ON  or  OFF 
Settle  to  0.05%  of  FS  iSee  Notei 

85 

135 

85  150 

ns 

Output  Capacitance 

Co 

18 

18 

PF 

Propagation  Delay 

'pLH 
'PHL 

All  Bits  Switched  ^  _  gk" 

50 
50 

50 
50 

ns 

Output  Voltage 
Compliance 

Voc' 

Full-Scale  Current 

<  1  LSB 

Change 

-5.5 
+  10 

-5.5 
+  10 

V 

Gain  Tempco 

TCIFS 

iSee  Notei 

±10 

±25 

±10 

±50 

ppm/°C 

Full-Scale  Symmetry 

'fss 

'fr"  !fr 

0.1 

4 

0.1 

4 

«A 

Zero-Scale  Current 

0.01 

0.5 

0.01 

0.5 

«A 

Full-Scale  Current 

Ipfl 

iSee  Notei 

3.960 

3.996 

4.032 

3.920 

3.996 

4.072 

mA 

Reference  Input  Slew  Rate 

Dl/dt 

6 

6 

mA/ps 

Reference  Bias  Current 

'b 

-1 

-3 

-1 

-3 

(.A 

Power  Supply  Sensitivity 

PSSIFS+ 
PSSIFS- 

4.5V  <V  +  <  18V 
-18VSV-S-10V 

0.001 
0.0012 

0.01 
0.01 

0.001 
0.0012 

0.01 
0.01 

%ilFS/%AV 

Power  Supply  Current 

l  + 
I- 
l  + 
I- 

VS=±15V;  lHEF  =  2mA 

Vs  =  +  5V.  -7.5V;  lnEF  =  1  mA 

2.3 
-9 
1.8 
-5.9 

4 
-15 
4 

-9 

2.3 
-9 
1.8 
-5.9 

4 

-15 
4 
-9 

mA 

Power  Dissipation 


VS  =  ±15V:  lBEF  =  2mA 

VS  =  +5V.  -7.5V;  lBEF=  1mA 


-  231  285 

-  85  88 


-  231 

-  85 


285 
88 


Logic  Input  Levels 


Logic  Input  Currents 


VLC  =  0:V,N  =  0.8V 
V,N  =  2.0V 


-10  -5 
—  0.001 


-10  -5 
—  0.001 


„A 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V;  lREF  =  2mA;  TA  =  25° C.  unless  otherwise  noted.  Output  characteristics 
apply  to  both  Iqut  and  I  out- 


DAC-10B/C/F 

DAC-10G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Monotonicity 

10 

10 

Bits 

Nonlinearity 

NL 

0.3 

0.5 

0.6 

1 

LSB 

Differential  Nonlinearity 

DNL 

0.3 

1 

0.7 

LSB 

Output  Vottage 
Compliance 

Voc 

Full-Scale  Current 

_..                        <  1  LSB 

Change 

-5 

-6/+ IB 

+  10 

-5 

-6/+15 

+  10 

V 

Full-Scale  Current 

Ips 

VBEF  =  10.000V, 
Rl«  =  R|5  =  5.000kf! 

3.978 

3.996 

4.014 

3.956 

3.996 

4.036 

mA 

Full-Scale  Symmetry 

'fss 

•fh"  'fr 

0.1 

4 

0.1 

4 

fA 

Zero-Scale  Current 

Izs 

0.01 

0.5 

0.01 

0.5 

«A 

NOTE:  Guaranteed  by  design. 
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DICE  CHARACTERISTICS 


1.  VLC  (LOGIC)  10.  B6 
THRESHOLD  CONTROL      11.  B7 

2.  I0  12.  B8 

3.  V-  13.  B9 

4.  I0  14.  B10(LSB) 

5.  B1  (MSB)  15.  V+ 

6.  B2  16.  VREF  (+) 

7.  B3  17.  VREF  (-) 

8.  B4  18.  COMPENSATION 

9.  B5 


For  additional  DICE  ordering  Information,  refer 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs=  ±  15V,  lREF  =  2mA,  TA=25°C,  unless  otherwise  noted.  Output  characteristics  refer  to  both 
Iqut  and  Iout- 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC-10N 

LIMIT 

DAC-10G 
LIMIT 

UNITS 

Resolution 

10 

10 

Bits  MIN 

Monotonicity 

10 

10 

Bits  MIN 

Nonlinearity 

NL 

±0.5 

±1 

LSB  MAX 

Output  Voltage  Compliance 

Voc 

True  1  LSB 

+  10 
-5 

+  10 
-5 

VMAX 
VMIN 

Output  Current  Range 

lFS±3.996MA 

±18 

±40 

»iA  MAX 

Zero-Scale  Current 

All  Bits  OFF 

0.5 

0.5 

pA  MAX 

Logic  Input  "1" 

V,H 

l,N=  lOOnA 

2 

2 

V  MIN 

Logic  Input  "0" 

V,L 

VLC  @  Ground 
lIN  =  -10fljiA 

0.8 

0.8 

V  MAX 

Posilive  Supply  Current 

1  + 

V+  =  15V 

4 

4 

mA  MAX 

Negative  Supply  Current 

V-  =  -15V 

-15 

-15 

mA  MAX 

NOTE: 

Electrical  tests  are  perlormed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  In  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  = 

characteristics  refer  to  both  Iqut  and  'out- 

±15V,  and  lREF  =  2mA, 

unless  otherwise 

noted.  Output 

PARAMETER 

SYMBOL 

CONDITIONS 

DAC-10N 
TYPICAL 

DAC-10G 

TYPICAL 

UNITS 

Settling  Time 

's 

To  ±  1 12  LSB  When  Output 
Switched  from  0  to  FS 

18  85 

85 

ns 

Gain  Temperature 
Coefficient  |TC) 

VREF  Tempco  Excluded 

±10 

±10 

ppm  FS/°  C 

Output  Capacitance 

18 

18 

PF 

Output  Resistance 

10 

10 

Mfl 

DIE  SIZE  0.091  X  0.087  Inch,  7S17  sq.  mils 
(2.311  x  2.210  mm,  5.107  sq.  mm) 
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□AC-10  10-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


TRUE  AND  COMPLEMENTARY 
OUTPUT  OPERATIONS 


-'out 


POWER  SUPPLY  CURRENT  vs  V+ 


k  40 

a 

<E  JO 


BITS  "HIGH"  GR  "LOW 
1 


4  0  6.0  8  0  10.0  12.0  14.0  16.0  18. 
V*.  POSITIVE  POWER  SUPPLY  IVde) 


OUTPUT  CURRENT  vs  OUTPUT 
VOLTAGE  {OUTPUT 
VOLTAGE  COMPLIANCE) 


_  i.i 

e  40 

EC 

I  J4 


o  L 

-14 


ALL 

BITS 

ON 

tma> 

15V 

10V 

2mA 

f 

-f 

—  Ik 

1 

L!       n  JjnA 

r 

I 

1  1 

10       14  18 


OUTPUT  VOLTAGE  (VOLTSI 


POWER  SUPPLY  CURRENT  vs  V- 


BITS  MAY  BE  ■HIGH"  OH  "LOW" 


I-  WITH  lRrF-  ■  2mA 


I    I    I    I  I 


I-  WITH  lREp  -  02mA 

— r 


-4.0        -8.0        -12.0       -1G0  -200 
!0         -G.0       -100       -140  -180 
V-  NEGATIVE  POWER  SUPPLY  [Vdcl 


•  28.0 

•  24.0 
*20  0 
■  1G.0 
M70 


OUTPUT  VOLTAGE 
COMPLIANCE  vs 
TEMPERATURE 


]  FOR  OTHEH  V-  OR  IreF.SEE 
\  OUTPUT  CURRENT  VS  OUTPUT 
(VOLTAGE  CURVE. 


□  -M  -ICO  -IH 

TEMPERATURE  ("CI 


POWER  SUPPLY  CURRENT 
vs  TEMPERATURE 


ALL  BITS  "HIGH"  OR  "LOW" 


o£ 

> 

2 
O 

u 

(J 

o 

I— I 

< 

2 
< 

6 

H 

o 
5 


TEMPERATURE  l°C) 


BASIC  CONNECTIONS 

BASIC  POSITIVE  REFERENCE  OPERATION 


wsa  LSB 
Bl  H  Ql  04  R5  Ml. (1 1      B'J  LI '  "> 


HI7 

— AV- 


-L  I 


v- 


O 
VLC 


FOR  FIXED  REFERENCE 
TTL  OPERATION. 
TYPICAL  VALUES  ARE 
VHEF  ■  '100OOV 

«n  -  «BCF 


ACCOMMODATING  BIPOLAR  REFERENCES 


■Mr  F  5*  f'EAK  fgEGATIVt  $WIM3  OF  i1N 


Rref 

•VREF  O  VW- 


R17 
(OPTIONAL) 

a — Wv  


) 


•VREF  MUST  BE  ABOVE  PEAK  POSITIVE  SWING  OF  V|N 
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DAC-10 10-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


BASIC  NEGATIVE  REFERENCE  OPERATION 


RECOMMENDED  FULL-SCALE  ADJUSTMENT  CIRCUIT 


^ref  n 

DAC-10  \ 

note:  rref  sets  ifs;  R15  is  fob 

BIAS  CURRENT  CANCELLATION. 

LOWTi. 
VREF0       .  "J? 

<39kn  — ^ 

>      lREFt*l  *  2mA 

DAC-tO  ^ 

tow  >  _  »  iv  t7 

POT  <  *  1 

f            T  AFPROX 
_L  T5Wl 

BASIC  UNIPOLAR  NEGATIVE  OPERATION 


Bia2B3B4BSSSQ7B>a9QI0  Eo 


B1 

B2 

B3 

B4 

BS 

BS 

B7 

B8 

B9 

BIO 

loRlA 

omA 

Co 

Eo 

FULL  RANGE 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3.396 

0.000 

-4.995 

-0.000 

HALF-SCALE +LSB 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2.004 

1.992 

-2.505 

-2.490 

HALF-SCALE 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.000 

1.996 

-2.500 

-2.495 

HALF-SCALE -LSB 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1.996 

2.000 

-2.495 

2.500 

ZERO-SCALE +LSB 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.004 

3.992 

-0.005 

-4.990 

ZERO-SCALE 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.000 

3.996 

-0.000 

-4.995 

BASIC  BIPOLAR  OUTPUT  OPERATION 


MSB  LSB 
B1B2O3B4B8B6B7B9B9B10 


2.000mA  T6 


TTTTTTTTTT  >«■ 


B1  B2  B3  B4 

B5 

B6 

B7 

BS 

B9  810 

Eo  E0 

POS  FULL  RANGE 

1 

1 

1 

i 

1 

1 

1 

1 

1 

1 

-4.990  +5.000 

POS  FULL  RANGE  -LSB 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

-4.860  +4.990 

ZERO-SCALE  +  LSB 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

-0.010  +0.020 

ZERO-SCALE 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.000  +0.010 

ZERO-SCALE -LSB 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

+0.010  0.000 

NEG  FULL-SCALE  +  LSB 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

+4.990  -4.960 

NEG  FULL-SCALE 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+5.000  -4.990 

OFFSET  BINARY  OPERATION 


♦tov 

vo 

REF-01 

4 

MSB  LSB 
B1  B2B3B4BSB6B7B8B9B10 

Y?TTTT?TTT 


B1  B2  B3  B4  B5  BS  B7  BS 

B9 

B10 

E0 

POS  FULL  RANGE 

11111111 

1 

1 

+4.990 

ZERO-SCALE 

1    0    0   0   0   0   0  0 

0 

0 

0.00 

NEG  FULL-SCALE  +LSB 

00000000 

0 

1 

-4.990 

NEG  FULL-SCALE 

00000000 

0 

0 

-5.000 
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DAC-10 10-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


SETTLING  TIME  MEASUREMENT 


LOW  TO  HIGH  SETTLING  Vl  -  16.S0OVt0.001V 
HIGH  TO  LOW  SETTLCNG  VL  -  O.SOOVtO.OOIV 
0.SO0V  10.001V 


:Lai,,F;j;  iojf 


^O.l"l.F  ^plOyF 


IMI) 

V4W,5%.  -16V 
CARBON 


i4.7»F^0.0VF 

-,bv  V 


NOTES: 

1.  CASE  OF  2N918t  MUST  BE  GROUNDED. 

2.  RESISTORS  ARE  I/4W.  MF,  IX  UNLESS  OTHERWISE  SPECIFIED. 
1  USE  FET  PROBE  (7A11  SCOPE  PLUG  INI. 


-1BV 

1/2LSB  SETTLING  ■  T.SmV 


POSITIVE  LOW  IMPEDANCE  OUTPUT  OPERATION 


FOR  COMPLEMENTARY  OUTPUT  (OPERATION  AS  A  NEGATIVE  LOGIC  DACI, 
CONNECT  INVERTING  INPUT  OF  OP-AMP  TO  10  (PIN  21:  CONNECT  l0  IPIN  41 
TO  GROUND. 


NEGATIVE  LOW  IMPEDANCE  OUTPUT  OPERATION 


OPI5    >     ■      0  E0 
0  TO  -IFR  •  RL 


FOR  COMPLEMENTARY  OUTPUT  (OPERATION  AS  A  NEGATIVE  LOGIC  DAC). 
CONNECT  NON  INVERTING  INPUT  OF  OP  AMP  TO  lo  (PIN  21,  CONNECT  lo  (PIN 
4)  TO  GROUND. 


INTERFACING  WITH  VARIOUS  LOGIC  FAMILIES 


TTL 
VTH  -  '1.4V 


DAC-10 
VLC 


) 


*15V  Vth-Vlc*1*V 
9  *1SV  CMOS 

I  VTH  "  *?.6V 


^6-»U  -|-n 


ECL 

1 

*13Ul 

2N3904 

TO  PIN  1 
-OVlc 
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DAC-10 10-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


PULSED  REFERENCE  OPERATION 


9  «VREF 

I  loPTIONAL  RESISTOR 
«JRREF  |FOR  OFFSET  INPUTS 


_n_ 


OV' 

TYPICAL  VALUES: 
R[N  •  Vttl 
♦ViN  •  2V 

 I 

T  


!  16 

I  REO" 

Lsoon 

DAC-10 

>Rp  

1  1" 

~i_r 


7 


XT  4 


EO  * 


"IN 


- r. 


APPLICATIONS  INFORMATION 
REFERENCE  AMPLIFIER  SETUP 

The  DAC-10  is  a  multiplying  D/A  converter  in  which  the 
output  current  is  the  product  of  a  digital  number  and  the 
input  reference  current.  The  reference  current  may  be  fixed 
or  may  vary  from  nearly  zero  to  2mA.  The  full-scale  output 
current  is  a  linear  function  of  the  reference  current  and  is 
given  by: 

1023 

Ifr=  jQ24  x  2  x  ( I  rep)  where  lHEF  =  lis 

In  positive  reference  applications,  an  external  positive  refer- 
ence voltage  forces  current  through  R16  into  the  VHEF(+) 
terminal  (pin  16)  of  the  reference  amplifier.  Alternatively,  a 
negative  reference  may  be  applied  to  Vrefh  at  pin  17; 
reference  current  flows  from  ground  through  R16  into  V(+)  as 
in  the  positive  reference  case.  This  negative  reference 
connection  has  the  advantage  of  a  very  high  impedance 
presented  at  pin  17.  The  voltage  at  pin  18  is  equal  to  and 
tracks  the  voltage  at  pin  17  due  to  the  high  gain  of  the  internal 
reference  amplifier.  R17  (nominally  equal  to  R16)  is  used  to 
cancel  bias  current  errors;  R17  may  be  eliminated  with  only  a 
minor  increase  in  error. 

Bipolar  references  may  be  accomodated  by  offsetting  VREF 
or  pin  17.  The  negative  common-mode  range  of  the  reference 
amplifier  is  given  by:  VCM-= V-plus  (lREFx  2kn)  plus  2V.  The 
positive  common-mode  range  is  V+  less  1.8V. 

When  a  DC  reference  is  used,  a  reference  bypass  capacitor  is 
recommended.  A  5V  TTL  logic  supply  is  not  recommended 
as  a  reference.  If  a  regulated  power  supply  is  used  as  a 
reference,  R16  should  be  split  into  two  resistors  with  the 
junction  bypassed  to  ground  with  a  0.1 /iF  capacitor. 

For  most  applications  the  tight  relationship  between  I  REpand 
Ifs  will  eliminate  the  need  for  trimming  I  ref-  If  required, 
full-scale  trimming  may  be  accomplished  by  adjusting  the 
value  of  R16,  or  by  using  a  potentiometer  for  R16.  An 
improved  method  effects  is  shown  in  the  Recommended  Full- 
Scale  Adjustment  circuit. 

The  reference  amplifier  must  be  compensated  by  using  a 
capacitor  from  pin  18  to  V-.  For  fixed  reference  operation,  a 
0.01  jiF  capacitor  is  recommended.  For  variable  reference 
applications,  see  section  entitled  "Reference  Amplifier 
Compensation  for  Multiplying  Applications." 


MULTIPLYING  OPERATION 

The  DAC-10  provides  excellent  multiplying  performance 
with  an  extremely  linear  relationship  between  lFSand  lREF 
over  a  range  of  4mA  to  4j*A.  Monotonic  operation  is  main- 
tained over  a  typical  range  of  I  ref  from  100pA  to  2mA. 

REFERENCE  AMPLIFIER  COMPENSATION  FOR 
MULTIPLYING  APPLICATIONS 

AC  reference  applications  will  require  the  reference  amplifier 
to  be  compensated  using  a  capacitor  from  pin  18  to  V-.  The 
value  of  this  capacitor  depends  on  the  impedance  presented 
to  pin  16  for  R16  values  of  1 .0, 2.5  and  5.0kO,  minimum  values 
of  Cc  are  15,  37,  and  75pF.  Larger  values  of  R16  require 
proportionately  increased  values  of  Cc  for  proper  phase 
margin. 

For  fastest  response  to  a  pulse,  low  values  of  R16  enabling 
small  Cc  values  should  be  used.  If  pin  16  is  driven  by  a  high 
impedance  such  as  a  transistor  current  source,  none  of  the 
above  values  will  suffice  and  the  amplifier  must  be  heavily 
compensated  which  will  decrease  overall  bandwidth  and 
slew  rate.  For  R16  =  1kfl  and  Cc  =  15pF,  the  reference 
amplifier  slews  at  4mA/ fis  enabling  a  transition  from  Iref = 0 
to  Iref  =  2mA  in  500ns. 

Operation  with  pulse  inputs  to  the  reference  amplifier  may 
be  accommodated  by  an  alternate  compensation  scheme. 
This  technique  provides  lowest  full-scale  transition  times. 
An  internal  clamp  allows  quick  recovery  of  the  reference 
amplifier  from  a  cutoff  (Iref  -  0)  condition.  Full-scale 
transition  (0  to  2mA)  occurs  in  120ns  when  the  equivalent 
impedance  at  pin  16  is  200H  and  Cc  =  0.  This  yields  a 
reference  slew  rate  of  16mA/ps  which  is  relatively  indepen- 
dent of  R|Nand  V|N  values. 

LOGIC  INPUTS 

The  DAC-10  design  incorporates  a  unique  logic  input  circuit 
which  enables  direct  interface  to  all  popular  logic  families 
and  provides  maximum  noise  immunity.  This  feature  is  made 
possible  by  the  large  input  swing  capability,  2jiA  logic  input 
current  and  completely  adjustable  logic  threshold  voltage. 
For  V-  =  -15V,  the  logic  inputs  may  swing  between  -5  and 
+ 18V.  This  enables  direct  interface  with  +15V  CMOS  logic, 
even  when  the  DAC-10  is  powered  from  a  +5V  supply. 
Minimum  input  logic  swing  and  minimum  logic  threshold 
voltage  are  given  by:  V-  plus  (Iref  x  2kO)  plus  3V.  The  logic 
threshold  may  be  adjusted  over  a  wide  range  by  placing  an 
appropriate  voltage  at  the  logic  threshold  control  pin 
(pin  1,  V|_c)-  The  appropriate  graph  shows  the  relationship 
between  VLC  and  VTh  over  the  temperature  range,  with  VTh 
nominally  1.4V  above  VLC.  For  TTL  interface,  simply  ground 
pin  1.  When  interfacing  ECL,  an  IrEf=  1mA Is  recommended. 
For  interfacing  other  logic  families,  see  previous  page.  For 
general  setup  of  the  logic  control  circuit,  it  should  be  noted 
that  pin  1  will  sink  1 . 1  mA  typical;  external  circuitry  should  be 
designed  to  accommodate  this  current. 

Fastest  settling  times  are  obtained  when  pin  1  sees  a  low 
impedance.  If  pin  1  is  connected  to  a  Ikfl  divider,  for 
example,  it  should  be  bypassed  to  ground  by  a  0.01  pF 
capacitor. 
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ANALOG  OUTPUT  CURRENTS 

Both  true  and  complemented  output  sink  currents  are  pro- 
vided where  l<>+  lo=  'fs-  Current  appears  at  the  "true"  output 
when  a  "1 "  is  applied  to  each  logic  input.  As  the  binary  count 
increases,  the  sink  current  at  pin  4  increases  proportionally, 
in  the  fashion  of  a  "positive  logic"  D/A  converter.  When  a  "0" 
is  applied  to  any  input  bit,  that  current  is  turned  off  at  pin4 
and  turned  on  at  pin  2.  A  decreasing  logic  count  increases  I o 
as  in  a  negative  or  inverted  logic  D/A  converter.  Both  outputs 
may  be  used  simultaneously.  If  one  of  the  outputs  is  not 
required  it  must  still  be  connected  to  ground  or  to  a  point 
capable  of  sourcing  lFS;  DO  NOT  LEAVE  AN  UNUSED 
OUTPUT  PIN  OPEN, 

Both  outputs  have  an  extremely  wide  voltage  compliance 
enabling  fast  direct  current-to-voltage  conversion  through  a 
resistor  tied  to  ground  or  other  voltage  source.  Positive 
compliance  is  36V  above  V-  and  is  independent  of  the 
positive  supply.  Negative  compliance  is  +  10V  above  V-. 

The  dual  outputs  enable  double  the  usual  peak-to-peak  load 
swing  when  driving  loads  in  quasi-differential  fashion.  This 
feature  is  especially  useful  in  cable  driving,  CRT  deflection 
and  in  other  balanced  applications  such  as  driving  center- 
tapped  coils  and  transformers. 

POWER  SUPPLIES 

The  DAC-10  operates  over  a  wide  range  of  power  supply 
voltages  from  a  total  supply  of  9V  to  36V.  When  operating  with 
V-supplies  of  -10V  or  less,  Iref^  1  mA  is  recommended.  Low 
reference  current  operation  decreases  power  consumption 
and  increases  negative  compliance,  reference  amplifier 
negative  common-mode  range,  negative  logic  input  range, 
and  negative  logic  threshold  range;  consult  the  various 
figures  for  guidance.  For  example,  operation  at  -9V  with 
Iref  =  2mA  Is  not  recommended  because  negative  output 
compliance  would  be  reduced  to  near  zero.  Operation  from 
lower  supplies  is  possible,  however  at  least  8V  total  must  be 
applied  to  insure  turn-on  of  the  internal  bias  network. 

Symmetrical  supplies  are  not  required,  as  the  DAC-10  is  quite 
insensitive  to  variations  in  supply  voltage.  Battery  operation 
is  feasible  as  no  ground  connection  is  required;  however,  an 
artificial  ground  may  be  used  to  insure  logic  swings,  etc. 
remain  within  acceptable  limits. 

TEMPERATURE  PERFORMANCE 

The  nonlinearity  and  monotonicity  specifications  of  the 
DAC-10  are  guaranteed  to  apply  over  the  entire  rated  oper- 
ating temperature  range.  Full-scale  output  current  drift  Is 
tight,  typically  ±l0ppm/°C,  with  zero-scale  output  current 
and  drift  essentially  negligible  compared  to  1/2  LSB. 


The  temperature  coefficient  of  the  reference  resistor  R14 
should  match  and  track  that  of  the  output  resistor  for 
minimum  overall  full-scale  drift.  Settling  times  of  the  DAC-10 
decrease  approximately  10%  at  -55"  C;  at + 125°  C  an  increase 
of  about  15%  is  typical. 

SETTLING  TIME 

The  OAC-10  is  capable  of  extremely  fast  settling  times; 
typically  85ns  at  IREf  =  2mA.  Judicious  circuit  design  and 
careful  board  layout  must  be  employed  to  obtain  full 
performance  potential  during  testing  and  application.  The 
logic  switch  design  enables  propagation  delays  of  only  35ns 
for  each  of  the  10  bits.  Settling  time  to  within  1/2  LSB  of  the 
LSB  is  therefore  35ns,  with  each  progressively  larger  bit 
taking  successively  longer.  The  MSB  settles  in  85ns,  thus 
determining  the  overall  settling  time  of  130ns.  Settling  to  8-bit 
accuracy  requires  about  60  to  78ns.  The  output  capacitance 
of  the  DAC-10  including  the  package  is  approximately  18pF; 
therefore  the  output  RC  time  constant  dominates  settling 
time  if  RL>  500fi. 

Settling  time  and  propagation  delay  are  relatively  insensitive 
to  logic  input  amplitude  and  rise  and  fall  times,  due  to  the 
high  gain  of  the  logic  switches.  Settling  time  also  remains 
essentially  constant  for  Iref  values  down  to  1mA,  with 
gradual  increases  for  lower  Iref  values  lies  in  the  ability  to 
attain  a  given  output  level  with  lower  load  resistors,  thus 
reducing  the  output  RC  time  constant. 

Measurement  of  settling  time  requires  the  ability  to  accu- 
rately resolve  ±  2/iA,  therefore  a  4kfl  load  is  needed  to  provide 
adequate  drive  for  most  oscilloscopes.  The  settling  time 
fixture  of  schematic  titled  "Settling  Time  Measurement"  uses 
a  cascode  design  to  permit  driving  a  4kfl  load  with  less  than 
5pF  of  parasitic  capacitance  at  the  measurement  node.  At 
Iref  values  of  less  than  1mA,  excessive  RC  damping  of  the 
output  is  difficult  to  prevent  while  maintaining  adequate 
sensitivity.  However,  the  major  carry  from  0111111111  to 
1000000000  provides  an  accurate  indicator  of  settling  time. 
This  code  change  does  not  require  the  normal  6.2  time 
constants  to  settle  to  within  ±0.2%  of  the  final  value,  and  thus 
settling  times  may  be  observed  at  lower  values  of  Iref- 

DAC-10  switching  transients  or  "glitches"  are  very  low  and 
may  be  further  reduced  by  small  capacitive  loads  at  the 
output  at  a  minor  sacrifice  in  settling  time. 

Fastest  operation  can  be  obtained  by  using  short  leads, 
minimizing  output  capacitance  and  load  resistor  values,  and 
by  adequate  bypassing  at  the  supply,  reference  and  VLC 
terminals.  Supplies  do  not  require  large  electrolytic  bypass 
capacitors  as  the  supply  current  drain  is  independent  of  input 
logic  states;  0.1  pF  capacitors  at  the  supply  pins  provide  full 
transient  protection. 


o 
u 

o 
o 

3 


t 

o 

Q 


11-43 


8/87,  Rev.  A1 


,|PMi)  DAC-20 

2-DIGIT  BCD  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 
(UNIVERSAL  DIGITAL  LOGIC  INTERFACE) 


Precision  Monolithics  Inc. 


FEATURES 

•  Fast  Settling  Output  Current  85ns 

•  Full-Scale  Current  Prematched  to  ±0.3  LSB 

•  Direct  Interface  to  TTL,  CMOS,  ECL,  PMOS,  NMOS 

•  Nonllnearlty  to  ±1/2  LSB  Maximum  Over  Temp. 

•  High  Output  Impedance  and  Compliance  -10V  to  +  18V 

•  Complementary  Current  Outputs 

•  Wide  Range  Multiplying  Capability  ...  1  MHz  Bandwidth 

•  Low  FS  Current  Drift   ±10ppm/AC 

•  Wide  Power  Supply  Range   ±4.5Vto±18V 

•  Low  Power  Consumption   37mW@±SV 

•  Low  Cost 

ORDERING  INFORMATION! 


NL 
LSB 


16-PiN  DUAL-IN-LINE  PACKAGE 
COMMERCIAL  TEMPERATURE  RANGE 


HERMETIC 


PLASTIC 


±1/2 


DAC20CQ 


DAC20CP 


tBum-ln  Is  available  on  commercial  and  Industrial  temperature  range  parts  In 
cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  Information,  see  1966 
Data  Book.  Section  2. 

GENERAL  DESCRIPTION 

The  DAC-20  series  of  2-dlglt  BCD  monolithic  multiplying 
digital  to  analog  converters  provide  very  high-speed  perfor- 
mance coupled  with  low  cost  and  outstanding  applications 
flexibility. 

Advanced  circuit  design  achieves  85ns  settling  times  with 
very  low  "glitch"  energy  and  at  low  power  consumption. 
Monotonic  multiplying  performance  is  attained  over  a  wide  20 
to  1  reference  current  range.  Matching  to  within  1  LSB 


between  reference  and  full-scale  currents  eliminates  the 
need  for  full  scale  trimming  In  most  applications.  Direct  Inter- 
face to  all  popular  logic  families  with  full  noise  immunity  is 
provided  by  the  high  swing,  adjustable  threshold  logic 
inputs. 

Complementary  current  outputs  with  -10V  to  +  18V  voltage 
compliance  enable  resistive  termination,  a  voltage  output 
without  an  external  op  amp. 

Both  DAC-20  models  guarantee  full  2-diglt  monotontclty, 
some  have  nonllnearlty  as  tight  as  ±1/2  LSB  over  the  entire 
operating  temperature  range.  Nonllnearlty  is  unchanged 
over  the  ±4.5V  to  ±18V  power  supply  range,  with  37mW 
power  consumption  attainable  at  ±SV  supplies. 

The  compact  size  and  low  power  consumption  make  the 
DAC-20  attractive  for  portable  applications. 

DAC-20  applications  include  A/D  converters,  audio  attenua- 
tors, analog  meter  drivers,  programmable  power  supplies, 
high-speed  modems  and  other  applications  where  low  cost, 
high  speed  and  complete  input/output  versatility  are 
required. 

PIN  CONNECTIONS 


vie  E  •* 

TT|  COMPENSATION 

lOUT  LT 

IS  VREF  W 

v-rr 

JlJ  VREF  !♦> 

lOUT  Li 

n}  V» 

Msaei  |T 

*3  08  LSB 

BZ  (T 

Jl]  B7 

B3  (T 

]»]  BS 

B4  (T 

7]  BS 

16-PIN 
DUAL-IN-LINE 
PACKAGE 


EQUIVALENT  CIRCUIT 


Manufactured  under  one  or  more  of  the  following  patents:  4,055,773;  4,056.740;  4,092,639 
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ABSOLUTE  MAXIMUM  RATINGS  (TA  =  25"  C.  unless 


Operating  Temperature  Range 

DAC-20  CQ.  CP   0°CtO+70°C 

DICE  Junction  Temperature  (Tj)    -65<,Cto  +  150°C 

Storage  Temperature  Range 

Q  Package    -66"  C  to+150°C 

P  Package    -65°Cto+125,,C 

Power  Dissipation    500mW 

Derate  above  100s  C   10mW/°C 

Lead  Temperature  (Soldering,  60  sec)   300° C 


se  noted) 

V+  Supply  to  V-  Supply   36V 

Logic  Inputs    V-  to  V-  plus  36V 

VLC  V-toV+ 

Reterence  Inputs  (V14,  V15)   V-  to  V+ 

Reference  Input  Differential  Voltage  (V14  to  V15)   ±18V 

Reference  Input  Current  { 1 14)   5.0mA 


NOTE:  Absolute  ratings  apply  to  both  DICE  and  packaged  parts  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  IREF=  2.0mA,  0"C  <  TA  <  70s C.  unless  otherwise  noted.  Output 
characteristics  refer  to  both  I  out  and  I  out- 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

DAC-20C 
TYP 

MAX 

UNIT8 

Resolution 

BCD  0  to  99  steps 

2 

Digits 

Monotonlclty 

BCD  99  steps 

2 

Digits 

Nonllncorlty 

NL 

0000  00O0  to  1001 1001 

±1/2 

LSB 

Settling  Time 

•s 

To  ±1/2  LSB  (±0.5%  FSI 
all  bits  switched  ON  or 
OFF,TA  =  25"C(Note1) 

85 

ISO 

ns 

Propagation  Delay 
Each  Bit 
AH  bits  switched 

'PLH 

'pm. 

TA°2S*C(Nota1) 

35 

60 

ns 

Full  Tempco 

TCIra 

(Note!) 

±10 

±80 

ppm/*C 

Output  Voltage  Compliance 
(True  Compliance) 

Voc 

Full-scale  current  change 
<  1/2  LSB  (<0.5%FS) 
Rout  >20MO  typical 
'ref3  1mA 

-10 

+  18 

V 

Full  Range  Output 
(Digital  Input  1001 1001) 

'fR4 

TA  =  25*C.  lREp  =  2mA 

1.92 

1.88 

2.04 

mA 

Zero-Scale  Current 

'zs 

0.2 

5 

«A 

Output  Current  Range  I0r 


Logic  Input  Levels 


Logic  "V 
Logic  "1" 

VlL 
V,H 

VLC=0V 

2 

0.8 

V 

Logic  Input  Current 
Logic  "0" 
Logic  "1" 

III 

l|H 

VLC  =  0V 

V,N  =  -10Vto+0.8V 
V,N=2Vto18V 

-2 
0.002 

±10 
±10 

«A 

Logic  Input  Swing 

Vis 

V-  =  -1SV 

-10 

+  18 

V 

Logic  Threshold  Range 

Vthr 

V8  =  ±  15V  (Note  1) 

-10 

+  13.5 

V 

Reference  Bias  Current 

-1 

-3 

«A 

Reference  Input  Slew 
Rate 

dl/dt 

(NoteD 

4 

8 

mA/ps 

Power  Supply  Sensitivity 

PSSIFS+ 
PSSIFS- 

V+  =  4.SVto18V 
V-  =  -4.5Vto-18V 
'hef^IixA 

±0.0003 
±0.002 

±0.03 
±0.03 

WAIfs 
*AV 

Power  Supply  Current 

1+ 
1- 
1+ 
1- 

VS  =  ±SV.  lBEF=1mA 
V8  =  ±1SV.IREf=2mA 

2.3 
-5.0 

2.5 
-7.8 

3.8 
-6.5 

3.8 
-9.1 

mA 

(Wm  DbKlMllon                        P                      V8  =  ±SV.IREF=1mA  -  37  52 

Power  Dissipation  P<  VS  =  ±1SV.  lREF°2mA   152  194 

NOTE: 

1.  Guaranteed  by  design. 
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□  ICE  CHARACTERISTICS 


1. 

2. 

!0UT 

9. 
10. 

BIT  5 
BIT  6 

3. 

V- 

11. 

BIT  7 

4. 

'OUT 

12. 

BIT  8  (LSB) 

5. 

BIT1  (MSB) 

13. 

V+ 

6. 

BIT  2 

14. 

Vref  (+) 

7. 

BIT  3 

15. 

Vref(-) 

B. 

BIT  4 

16. 

COMP 

DIE  SIZE  0.086  x  0.064  Inch,  5,504  sq.  mils 
(2.184  x  1.625  mm,  3.55  sq.  mm) 


For  additional  DICE  ordering  information,  refer 
lo  1988  Data  Book.  Section  2. 


WAFER  TEST  LIMITS  at  Vs 

=  ■*■  15V  lace  = 

2.0mA.  TA  =  25°C,  unless  otherwise  noted.  Output  characteristics  refer  to  both 

Iqut  and  Iout- 

DAC-20G 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Resolution 

BCD0IO99  steps 

2 

Digits  MIN 

Monotonicity 

BCD  99  steps 

2 

Digits  MIN 

Nonlinearity 

NL 

FS=  1001  1001 

±1/2 

LSB  MAX 

Output  Voltage  Compliance 

Voc 

Full-Scale  Current  Change 
<1/2LSB 

+  18 
-10 

V  MAX 
VMIN 

Fult-Scale  Current 

'fS4 

V„EF=10V 
R,4  R,5=  5kfl 

2.04 
1.92 

mA  MAX 
mA  MIN 

Zero-Scale  Current 

izs 

5 

fiA  MAX 

Output  Current  Range 

'or 

V-  =  -10V 

V-  =  -12Vlo-l8V 

2.1 
4.2 

mA  MIN 

Logic  "0"  Input  Level 

V.L 

0.8 

V  MAX 

Logic  "1"  Input  Level 

V,H 

2 

V  MIN 

Logic  Input  Current 

Logic  "0" 
Logic  "1" 

l(L 
l|H 

VIN  =  -10Vto+0.8V 
V,„  =  2V  to  18V 

±10 
±10 

jjA  MAX 

Logic  Input  Swing 

V.S 

V-  =  -15V 

+  18 
-10 

VMAX 
V  MIN 

PSSIF<;+ 

Power  Supply  Sensitivity  ' 
PSSIFS_ 

V-  =  -4  5V  IO-1BV 
V-  =  -4.5V  to -18V 
lnEF=  1mA 

±0.03 
±0.03 

^v  mrwi 

Power  Supply  Current 

VS=±18V 
lnEfS2mA 

38 
-7.8 

mA  MAX 

Power  Dissipation  Pd 

Vs  =  ±  18V 
Iref  —  2mA 

194 

mW  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  lo  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  vs  =  ±15V,  I 
characteristics  refer  to  both  Iqut  and  Iout- 

1EF  =  2.0mA,  unless  otherwise  noted  specified.  Output 

PARAMETER  SYMBOL 

CONDITIONS 

DAC-20G 
TYPICAL 

UNITS 

Reference  Input  Slew  Rate  dl/dt 

8 

Propagation  Delay                        tPLH.  tPHL 

TA=  25°  C.  Any  Bit 

35 

ns 

Settling  Time  ts 

To  ±1/2  LSB.  All  Bits  Switched  B5 
ON  or  OFF.  TA  =  25°  C 

ns 

11-46 

8/87,  Rev.  A1 

ItyiutA  DAC-20  2-DIQIT  BCD  HIQH-SPEED  MULTIPLYING!  D/A  CONVERTER 

 IPMI)  

TYPICAL  REFERENCE  PERFORMANCE  CHARACTERISTICS 


REFERENCE  AMP 
COMMON-MODE  RANGE 
(DIGITAL  INPUT  1001  1001) 


1 — 1 — 1 

*A  "  TMIN  ™ 

I 

TMAX 

-H- 

V-  -  -15V 

V-  - 

I 

-5V 

V*  - 

tsv 

:EF  * 

2nA 

EF  " 

1mA" 

'REF  '  (I-2"* 

I 

I 

— rr 

-16    -12     -8     -4       0       4       6      12  IS 
V15.  REFERENCE  COMMON  MODE  VOLTAGE  (VOLTS) 

NOTE:    POSITIVE  COMMON  MODE  IS  ALWAYS  <V<)  -1.SV; 
NEGATIVE  COMMON  MODE  RANGE  IS  V-  PLUS 

liREF  *  mom  plus  2.5v. 


Vth  —  Vlc  »■  TEMPERATURE 


-75  -60  -25    0     25    SO    75   100  125  150  176 
TEMPERATURE  |*C) 


FULL-SCALE  CURRENT  vs 

REFERENCE  CURRENT 
(DIGITAL  INPUT  1001 1001) 


K  10 

E 

3 


-T„ 

MIN 

TOl 

MA) 

— 

L 
V 

MIT 

FOR 
SV 

-  Lift 

IIT  ( 

-  -e 

•on 

V- 

V 

/ 

/ 

lnEF.  REFERENCE  CURRENT  (mAI 

NOTE:   THE  RECOMMENDED  RANGE  FOR  OPERATION  WITH 
WITH  A  DC  REFERENCE  CURRENT  IS  +0.2mA 
TO  *4.0mA. 


REFERENCE  INPUT  FREQUENCY 
RESPONSE  (DIGITAL  INPUT 
1001  1001) 


FREQUENCY  (MHi) 

CURVE  V.  CC'  15pF.  V(N  -  Z0V(i^>  CENTERED  AT 

♦  1.0V,  LARGE  SIGNAL. 
CURVE  2:  Cc  -  ISpF.  V|N  -  60mVpJ1  CENTERED  AT 

+200mV,  SMALL  SIGNAL. 


LOGIC  INPUT  CURRENT 
vs  INPUT  VOLTAGE 


-16    -12     -8     -4       0       4       6  12 

LOGIC  INPUT  VOLTAGE  (VOLTS) 


OUTPUT  CURRENT 
vs  OUTPUT  VOLTAGE 


i 


O 

U 

O 


(OUTPUT  VOLTAGE  COMPLIANCE) X 
(DIGITAL  INPUT  1001  1001)  ^ 


I I I ~ 
TA"TMINT0TMAX 

-M- 


-16  -12     -a  -4 


OUTPUT  VOLTAGE  (VOLTS) 


o 

t 

o 

I— I 

Q 


I  6.0 

z 

tz 

•J 

s 


POWER  SUPPLY 
CURRENT  vs  V+ 


— i — i — i — i — r- 

BITS -HIGH- OR  "LOIT* 


POWER  SUPPLY 
CURRENT  vaV- 


BITS  MAY  BE  "HIGH-  OR  "LOW" 
-I  1  1- 


1-WITH  lRec-1mA 


_I-WITH  lREF-0.2mA_ 


ao  2.0  4.0  6.0  8.0   10    12    14    16    18  20 
V»,  POSITIVE  POWER  SUPPLY  (Vdcl 


aja  -2.0  -4.0  -6.0  -&xt  -10  -12  -u  -18  -18  -20 

V-.  NEGATIVE  POWER  SUPPLY  (Vdcl 
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TYPICAL  REFERENCE  PERFORMANCE  CHARACTERISTICS 


OUTPUT  VOLTAGE  COMPLIANCE 
vs  TEMPERATURE 


"  "lie.-:  -■■ 
j  SHADiD  Al 

for  v-  -  -is 


i  i  i 


-75   -50    -  25      0      25     50     76     100    125  150 
TEMPERATURE (  C) 


POWER  SUPPLY  CURRENT 
vs  TEMPERATURE 

T  1  1  1  1  

ALL  OITS  "HIGH"  OR  "LOW" 


-75  -50   -25      0      25     50     75     100    125  150 
TEMPERATURE  (  C) 


BASIC  OUTPUT  CONNECTIONS 

With  complementary  current  outputs,  the  DAC-20  may  be 
used  with  either  positive  true  or  negative  true  (complemen- 
tary) logic.  Current  appears  at  the  "true"  output  (l0)  when  a 
"1"  is  applied  to  a  logic  input.  As  the  BCD-coded  input 
increases,  the  sink  current  at  Pin  4  increases  proportionately, 
in  the  fashion  of  a  "positive  logic"  D/A  converter.  When  a  "0" 
is  applied  to  a  logic  input,  that  current  is  turned  OFF  at  Pin  4 
and  ON  at  Pin  2  (lo)  which  is  used  for  negative  true  or 
"negative  logic"  D/A  converters. 


The  unused  output  must  be  connected  to  ground  or  some 
voltage  source  capable  of  sourcing  1.65  times  I ref-  A  detailed 
discussion  of  reference  input  operation  begins  on  the  next 
page. 

Both  outputs  have  an  extremely  wide  voltage  compliance 
enabling  fast  direct  current-to-voltage  conversion  through  a 
resistor  tied  to  ground  or  other  voltage  source.  Positive 
compliance  is  36V  above  V-  and  is  independent  of  the 
positive  supply.  Negative  compliance  is  given  by  V-  plus 
(lREFx  800O)  plus  2.5V. 


POSITIVE  VOLTAGE  OUTPUT 


POSITIVE  TRUE  LOGIC  INPUTS 
MSO  LSD 


-  -mum 


NEGATIVE  TRUE  LOGIC  INPUTS 
MSD  LSD 


im  in. 


r 


DECIMAL 

BCD  INPUT 

DECIMAL 

BCD  INPUT 

INPUT 

MSD 

LSD 

lo 

E0 

INPUT 

MSD 

LSD 

lo 

Eo 

0 

0000 

0000 

0 

0 

0 

1111 

1111 

0 

0 

10 

0001 

0000 

020mA 

+  1.0V 

10 

1110 

1111 

0.20mA 

+  1.0V 

20 

0010 

0000 

0.40mA 

+  2.0V 

20 

1101 

1111 

0.40mA 

+  2.0V 

30 

0011 

0000 

0.60mA 

+3.0V 

30 

1100 

1111 

0.60mA 

+3.0V 

40 

0100 

0000 

0.80mA 

+  4.0V 

40 

1011 

1111 

0.80mA 

+4.0V 

SO 

1000 

0000 

1.60mA 

+8.0V 

80 

0111 

1111 

1.60mA 

-i-B.OV 

99 

1001 

1001 

1.98mA 

+9.9V 

99 

0110 

0110 

1.98mA 

+  9.9V 
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NEGATIVE  VOLTAGE  OUTPUT 


POSITIVE  TRUE  LOGIC  INPUTS 
MSD  LSD 


♦10V 
?VREF 


NEGATIVE  TRUE  LOGIC  INPUTS 
MSD  LSD 


DECIMAL 
INPUT 

BCD  INPUT 
M8D  LSD 

lo 

Eo 

DECIMAL 
INPUT 

BCD  INPUT 
MSD  LSD 

•o 

0 

0000 

0000 

0 

0 

0 

1111 

1111 

0 

0 

10 

0001 

0000 

0.20mA 

-1.0V 

10 

1110 

mi 

0.20mA 

-1.0V 

20 

0010 

0000 

0.40mA 

-2.0V 

20 

1101 

1111 

0.40mA 

-2.0V 

30 

0011 

0000 

0.60mA 

-3.0V 

30 

1100 

1111 

0.60mA 

-3.0V 

40 

0100 

0000 

0.80mA 

-4.0V 

40 

1011 

1111 

0.80mA 

-4.0V 

B0 

1000 

0000 

1.60mA 

-8.0V 

80 

0111 

mi 

1.60mA 

-8.0V 

99 

1001 

1001 

1.98mA 

-9.9V 

99 

ono 

0110 

1.98mA 

-9.9V 

REFERENCE  OPERATION 


POSITIVE 


Rref 

<R1«I, 

-vw= 


VRSF(-) 

o  


FOR  FIXED  REFERENCE. 
TTL  OPERATION. 
TYPICAL  VALUES  ARE: 
VREF  •  ♦ 10.000V 
RREF  •  S.O0O* 
RlBasRREF 
Cc  -  aOliiF 
VLC  •  OV  (OROUNOI 
VREF'" 


di  h  uj  im  on  im>  ai  aa 


— o 


O.IuF  Ci 


'FS- 


<REF 


NEGATIVE 


VREFl-l 
0  


FOR  FIXED  REFERENCE. 
TTL  OPERATION. 
TYPICAL  VALUES  ARE: 
VREF  -  •10.0O0V 
RREF  •  B-O00fc 
RIB  * RREF 
Cc  -  0.01»F 
VLC  -  OV  (GROUND) 


RREF 
(RHI, 


Ts  T»  Te  T«  TioT«iTi2 


R16 

-vVv^ 


10 

— O 


To 
— o 


0.1*1 


I  [is 

CcJcOMP 


lei 


REF1 

rref 


'o  *  'o "  'ref  » 1 « 

FOR  ALL  LOGIC  INPUT  STATES 


REFERENCE  AMPLIFIER  SETUP 

The  OAC-20  is  a  multiplying  converter  in  which  the  output 
current  is  the  product  of  a  digital  number  and  the  input  refer- 
ence current.  The  reference  current  may  be  fixed  or  may  vary 
from  nearly  zero  to  +  4. OmA.  The  full  range  output  current  is  a 
linear  function  of  the  reference  current  and  is  given  by: 

Ifr=  99/100  x  I p£p,  where  Iref  =  >i4. 


In  positive  reference  applications  an  external  positive  refer- 
ence voltage  forces  current  through  Rl4  into  the  Vhef(+I 
terminal  (Pin  14)  of  the  reference  amplifier.  Alternatively,  a 
negative  reference  may  be  applied  to  VREF(-)  at  Pin  15;  refer- 
ence current  flows  from  ground  through  R^into  VREF(+),  as 
in  the  positive  reference  case.  This  negative  reference  con- 
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nection  has  the  advantage  of  a  very  high  impedance  pres- 
ented at  Pin  15.  The  voltage  at  Pin  14  is  equal  to  and  tracks  the 
voltage  at  Pin  15  due  to  the  high  gain  of  the  internal  reference 
amplifier,  ^(nominally  equal  to  RM)  is  used  to  cancel  bias 
current  errors  and  may  be  eliminated  with  only  a  minor 
increase  in  error. 

When  a  DC  reference  in  used,  a  reference  bypass  capacitor  is 
recommended.  A  SV  TTL  logic  supply  is  not  recommended 
as  reference.  If  a  regulated  power  supply  is  used  as  a  refer- 
ence, R«  should  be  split  into  two  resistors  with  the  junction 
bypassed  to  ground  with  a  0.1  pF  capacitor. 

For  most  applications  the  tight  relationship  between  i  REpand 
Ifr  will  eliminate  the  need  for  trimming  IrEF-  If  required, 
full-scale  trimming  may  be  accomplished  by  adjusting  the 
value  of  R14. 

The  reference  amplifier  must  be  compensated  by  using  a 
capacitor  form  Pin  16  to  V-.  For  fixed  reference  operation,  a 
0.01 /iF  capacitor  Is  recommended.  For  variable  reference 
applications,  see  section  entitled  "Multiplying  Operation." 

LOGIC  INPUT  OPERATION  AND  INTERFACING 


TTL 
VTH  "  *1-«V 


) 


VTH  ■  VLC  «MV 
tlSVCMOS 
VTH  ■  ♦»•«« 

>»1SV 


T 


ECL 

n. 


CMOS,  NMOS,  PMOS 


TO  PIN  1 
 OVLC 


TO  PIN  1 
 OVlc 


LOGIC  THRESHOLD  CONTROL 

The  DAC-20  design  incorporates  a  unique  logic  input  circuit 
which  enables  direct  interface  toall  popular  logic  families  and 
provides  maximum  noise  immunity.  This  feature  is  made 
possible  by  the  large  input  swing  capability,  2pA  logic  input 
current  and  completely  adjustable  logic  threshold  voltage. 


For  V- = -15V,  the  logic  inputs  may  swing  between  -10V  and 
+ 18V.  This  enables  direct  interface  with  a  +  15V  CMOS  logic, 
even  when  the  DAC-20  is  powered  from  a  +5V  supply.  Min- 
imum logic  threshold  voltage  are  given  by:  V-  plus  (Iref* 
800O)  plus  2.5V.  The  logic  threshold  may  be  adjusted  over  a 
wide  range  by  placing  an  appropriate  voltage  at  the  logic 
threshold  control  pin  (Pin  1,  VLC). 

The  logic  input  threshold  is  1 .4V  above  VLC.  For  TTL  and  DTL 
interface,  simply  ground  Pin  1.  When  interfacing  ECL,  an 
lREF  =  1mA  is  recommended.  For  interfacing  other  logic 
families,  see  the  figure.  Pin  1  will  source  100pA  typically,  so 
the  external  circuitry  must  be  designed  to  accommodate  this 
current.  Note  that  the  threshold  voltage  has  the  temperature 
dependence  of  two  forward  biased  diodes.  The  two  VLC 
setting  circuits  shown,  include  temperature  compensation. 

Fastest  settling  times  are  obtained  when  Pin  1  sees  a  low 
impedance.  If  Pin  1  is  connected  to  a  1  kft  divider,  for  exam- 
ple, it  should  be  bypassed  to  ground  by  a  0.01pF  capacitor. 

MULTIPLYING  OPERATION 

The  DAC-20  provides  excellent  multiplying  performance 
with  an  extremely  linear  relationship  between  Ips  and  Iref 
over  a  range  of  2mA  to  4/jA.  Monotonic  operation  is  main- 
tained over  a  typical  range  of  Iref  from  100pA  to  2mA. 

Bipolar  references  may  be  accommodated  by  offsetting  VREF 
or  Pin  15.  The  negative  common-mode  range  of  the  reference 
amplifier  is  given  by:  VCM.=  V-  plus  ( lREFx  800(1)  plus  2.5V. 
The  positive  common  mode  range  is  V+  less  1 .5V. 

AC  reference  applications  will  require  the  reference  amplifier 
to  be  compensated  using  a  capacitor  from  Pin  16  to  V-.  The 
value  of  this  capacitor  depends  on  the  impedance  presented 
to  Pin  14:  for  R14  values  of  1 .0, 2.5  and  5.0kn,  minimum  value 
of  Cq  are  15,  37,  and  75pF.  Larger  values  of  R14  require 

ACCOMMODATING  BIPOLAR  REFERENCES 


'REF  >  PEAK  NEGATIVE  SWING  OF  ljN 


>W"  "REF 

O  AV- 

R1S  (OiTIONALI  , 


VIN    r\j  O  W 


"REF  * "16 

VREFI*I  MUST  BE  ABOVE  PEAK  POSITIVE 
SWING  OF  VIN 
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proportionately  Increased  values  of  Cc  for  proper  phase 
margin. 

For  fastest  response  to  a  pulse,  low  values  of  R14  enabling 
small  Cc  values  should  be  used.  If  Pin  14  is  driven  by  a  high 
impedance  such  as  a  transistor  current  source,  none  of  the 
above  values  will  suffice  and  the  amplifier  must  be  heavily 
compensated,  which  will  decrease  overall  bandwidth  and 
slew  rate.  For  R-(4=  Ikfland  Cc=  15pF,  the  reference  ampli- 
f  ierslews  at  4mA/ps  enabling  a  transition  from  Iref= 0  to  Iref 
=  2mA  in  500ns. 

Operation  with  pulse  inputs  to  the  reference  amplifier  may  be 
accommodated  by  the  alternate  compensation  scheme  shown 
above.  This  technique  provides  lowest  full-scale  transition 
times.  An  internal  clamp  allows  quick  recovery  of  the  refer- 
ence amplifier  for  a  cutoff  (Iref  =  0)  condition.  Full-scale 
transition  (0  to  2mA)  occurs  in  120ns  when  the  equivalent 
impedance  at  Pin  14  is  200(1  and  Cc = 0.  This  yields  a  refer- 
ence slew  rate  of  16mV/^s,  which  is  relatively  independent  of 
R|N  and  V|N  values. 

PULSED  REFERENCE  OPERATION 


TYPICAL  VALUES: 
V,HI*1  -  tov 


POWER  SUPPLY  CONSIDERATIONS 

The  DAC-20  operates  over  a  wide  range  of  power  supply 
voltages  from  a  total  supply  of  9V  to  36V.  When  operating  at 
supplies  of  ±SV  or  less,  lREF  <  1mA  is  recommended.  Low 
reference  current  operation  decreases  power  consumption 
and  increases  negative  compliance,  reference  amplifier 
negative  common-mode  range,  negative  logic  input  range, 
and  negative  logic  threshold  range;  consult  the  various 
figures  for  guidance.  For  example,  operation  at  -4.SV  with 
I  rep  =  2mA  is  not  recommended  because  negative  output 
compliance  would  be  reduced  to  near  zero.  Operation  from 
lower  supplies  is  possible.  However,  at  least  8V  total  must  be 
applied  to  insure  turn-on  of  the  internal  bias  network. 

Symmetrical  supplies  are  not  required,  as  the  DAC-20  is 
quite  insensitive  to  variations  in  supply  voltage.  Battery 
operation  is  feasible  as  no  ground  connection  is  required: 


however,  an  artificial  ground  may  be  useful  to  insure  logic 
swings,  etc.,  remain  between  acceptable  limits. 

Power  Consumption  may  be  calculated  as  follows: 
Pd=  d+)  x  (V+)  +  (I-)  x  (V-).  A  useful  feature  of  the  DAC-20 
design  is  that  supply  current  is  constant  and  independent  of 
Input  logic  states;  this  reduces  the  size  of  the  power  supply 
bypass  capacitors. 

BURN-IN  CIRCUIT 


C3 
0.01pF 


NOTES: 

I.  RESISTORS  ARE  RS-1A  TYPE. 
-18V    2.  CAPACITORS  ARE  CKRQ5BX102KL  TYPE. 
X  CONNECT  O.OIpF  KV  CAPACITORS  FROM 
V*  AND  V—  TO  GROUND  FOR  EACH  6 
DEVICES. 


TEMPERATURE  PERFORMANCE 

The  nonlinearity  and  monotonicity  specification  of  the 
DAC-20  are  guaranteed  to  apply  over  the  entire  rated  operat- 
ing temperature  range.  Full-scale  output  currentdrift  is  tight, 
typically  ±10ppm/°C,  with  zero-scale  output  current  and 
drift  essentially  negligible  compared  to  1/2  LSB. 

The  temperature  coefficient  of  the  reference  resistor  R14 
should  match  and  track  that  of  the  output  resistor  for  min- 
imum overall  full-scale  drift. 

SETTLING  TIME  OPTIMIZATION 

The  DAC-20  is  capable  of  extremely  fast  settling  times,  typi- 
cally BSns  at  Iref  =  2.0mA.  Judicious  circuit  design  and 
careful  board  layout  must  be  employed  to  obtain  full  perfor- 
mance potential  during  testing  and  application.  The  output 
capacitance  of  the  DAC-20,  including  the  package,  is  approx- 
imately 1SpF;  therefore  the  output  RC  time  constant  domi- 
nates settling  time  if  Ru>  500n. 

Fastest  operation  can  be  obtained  by  using  short  leads,  min- 
imizing output  capacitance  and  load  resistor  values,  and  by 
adequate  bypassing  at  the  supply,  reference  and  VLC  termi- 
nals. Supplies  do  not  require  large  electrolytic  oypass 
capacitors  as  the  supply  current  drain  is  independent  of  input 
logic  states;  0.1  nF  capacitors  at  the  supply  pins  provide  full 
transient  protection. 


to 
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.|PMi)  DAC-86 

S  COMDAC®  COMPANDING 

D/A  CONVERTER  (M-255  LAW) 


Precision  Monolithics  Inc. 


FEATURES 

•  Conforms  With  Bell  System  ii-255  Companding  Law 

•  Meets  D3  Compandor  Tracking  Specifications 

•  Both  Encode  and  Decode  Capability 

•  Tight  Full-Scale  Tolerance  Eliminates  Calibration 

•  Low  Full-Scale  Drift  Over  Temperature 

•  Extremely  Low  Noise  Contribution 

•  Multiplying  Reference  Inputs 

•  Simplifies  PCM  System  Design 

•  High  Reliability 

•  Low  Power  Consumption  and  Low  Cost 

•  Two  Grades  Available 


GENERAL  DESCRIPTION 

The  DAC-86  monolithic  COMDAC®  D/A  Converter  provides 
a  15  segment  linear  approximation  to  the  Bell  System  fi-255 
companding  law.  The  law  is  implemented  by  using  three  bits 
to  select  one  of  eight  binarily-related  chords  (or  segments) 
and  four  bits  to  select  one  of  sixteen  linearly-related  steps 
within  each  chord.  A  sign  bit  determines  signal  polarity,  and 
an  encode/decode  input  determines  the  mode  of  operation. 

Accuracy  is  assured  by  specifying  chord  end  point  values, 
step  nonlinearity,  and  monotonicity  over  the  full  operating 
temperature  range.  Typical  applications  include  PCM  carrier 
systems,  digital  PBX's  intercom  systems,  and  PCM  recording. 
For  CCITT  "A"  Law  models,  refer  to  the  DAC-89  data  sheet. 

PIN  CONNECTIONS  &  ORDERING  INFORMATION 


COMDAC®  TRANSFER  CHARACTERISTIC 


ENCODE  /DECODE  SELECT; 

1  -  ENCODE 
SIGN  BIT  INPUT: 
1  ■  POSITIVE 
MOST  SIGNIFICANT  CHORD 
HIT  INPUT 
SECOND  CHORD  BIT  INPUT 
LEAST  SIGNIFICANT 
CHORD  BIT  INPUT 


SECOND  STEP  BIT  INPUT 
THIRD  STEP  BIT  INPUT 


POSITIVE  POWER  SUPPLY 

DECODE  OUT:  E/D  SB  ■  DO 

DECODE  OUT:  E/D  SB  ■  01 

ENCODE  OUT:  E/D  SB  -  10 

ENCODE  OUT:  E/D  SO  ■  11 

NEGATIVE  POWER  SUPPLY 

NEGATIVE  REFERENCE 
INPUT 

POSITIVE  REFERENCE 
INPUT 

LOGIC  THRESHOLD 
CONTROL 


16-PIN  HERMETIC  DUAL-IN-LINE 
(X-Suflfx) 

GRADE         TEMP.  RANGE  ACCURACY 

DAC-86EXt      -25°  C/+ 85°  C       ±1/2  Step 
DAC-86CXt      -25°C/+85°C       ±1  Step 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range 
parts  in  cerdip.  plastic  dip,  and  TO-can  packages.  For  ordering 
information,  see  1988  Data  Book,  Section  2. 
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BELL  li-255  LAW  TRANSFER  CHARACTERISTIC 

The  DAC-86  transfer  characteristic  is  a  piecewise  linear 
approximation  to  the  Bell  System  p-255  law  expressed  by: 

for  a  normalized  coding  range  of  + 1 
where:   x  ~  input  signal  level 

Y  =  output  compressed  signal  level 

fi  =  255 

This  law  is  implemented  with  a  eight  chord  (or  segment) 
piecewise  linear  approximation  with  16  linear  steps  in  each 
chord.  Dynamic  range  of  72dB  in  both  polarities  is  achieved 
with  eight-bit  coding. 


EQUIVALENT  CIRCUIT 
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ABSOLUTE  MAXIMUM  RATINGS 

V+  Supply  to  V-  Supply    36V 

VLC  Swing   V-  plus  8V  to  V+ 

Analog  Current  Outputs   V-  plus  8V  to  V-  plus  36V 

Reference  Inputs   V-  to  V+ 

Reference  Input  Differential  Voltage   ±18V 

Reference  Input  Current    1.25mA 


Logic  Inputs   V-  plus  8V  to  V-  plus  36V 


Operating  Temperature    -25°Cto+8S°C 

Storage  Temperature    -65°  C  to +150°  C 

Power  Dissipation    500mW 

Derate  Above  100°  C   10mW/°C 

Lead  Temperature  (Soldering,  60  sec)   300°  C 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  lREF  =  528/jA,  -25°  C  <  TA  <  +85°  C,  for  all  4  outputs,  unless  otherwise 
noted. 


DAC-86E 

DAC-86C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Resolution 

8  chords  with  16  steps  each 

±128 

±128 

±128 

±128 

±128 

±128 

Steps 

Dynamic  Range 

20log(l7i,5/l0.i, 

72 

72 

72 

72 

72 

72 

dB 

Monotonicity 

bign-Dii  +  or  — 

128 

128 

Steps 

Chord  End- Point  Accuracy 
All  Chords 

Error  relative  to  ideal  values 
atlFS=2O07.75|iA 

- 

- 

±1/2 

- 

- 

±1 

Step 

Encode  Decision  Level  Current 

Additional  output 
encode/decode  =  1 

3/8 

1/2 

5/8 

1/4 

1/2 

3/4 

Step 

Settling  Time  (Note  1 ) 

's 

To  within  ±1/2  step 

1 

— 

— 

1 

_ 

jisec 

Full-Scale  Drill  (C7I  {Note  2) 

41 FS 

Full  temperature  range 



±1/16 

±1/10 

_ 

±1/10 

±1/4 

Step 

Output  Voltage  Comprisnce 

"OC 

Full-scale  current  change 
<  1/2  step 

5 

- 

+  18 

-5 

- 

+  18 

Volts 

Full-Scale  Symmetry  Error 

lol+)  -  '<><-> 

Decode  or  encode  pair 
Input  Code  111  1111 

— 

±1/40 

±1/8 

— 

±1/40 

±1/4 

Step 

Zero-Scale  Current  (Cq) 

'zs 

Measured  at  selected  output 
with  000  0000  Inpul 

±1/40 

±1/8 

±1/40 

±1/4 

Step 

Disable  Current  (All  bits  high) 

'dis 

Leakage  of  output  disabled 
by  E/D  and  SB 

- 

5 

75 

- 

5 

75 

nA 

Step  Accuracy 
All  Chords 

Error  relative  to  ideal  values 
at  I  FS  =  2007.75mA 

±1/2 

±1 

Step 

Output  Current  Range 

•fsr 

2.0 

4.2 

2.0 

4.2 

mA 

Logic  Input  Levels,  Logic  "0" 

V|L 

vuc  =  ov 

0.8 

0.6 

Volts 

Logic  Input  Levels,  Logic  "1" 

Vw 

VLC  =  0V 

2 

2 

Volts 

Logic  Input  Current 

■in 

VlN  =  -5Vto+1BV 

120 

120 

pA 

Logic  Input  Swing 

Vis 

V-  =  -15V 

-5 

+  18 

-5 

+  18 

Volts 

Reference  Bias  Current 

>12 

-3 

-12 

-3 

-12 

uA 

Reference  Input  Stew  Rate 

dl/dt 

0.25 

0.25 

mA/fis 

Power  Supply  Sensitivity  Over 
Supply  Range  (Refer  to 
Characteristic  Curves) 

PSSIFS+ 
PSSIFS_ 

V+  =  4.5V  to  18V,  V-  =  - 15 V 
V-  =  -10.8V  to  -t8V,  V+  =  15V 

±1/20 
±1/10 

±1/2 
±1/2 

±1/20 
±1/10 

±1/2 
±1/2 

Step 

1+ 

VS  =  +SV,-15V,  lFS=2.0mA 

2.7 

4.5 

2.7 

4.5 

Power  Supply  Current 

1- 
1+ 

VS=+SV,-15V,  Ipss^OmA 
VS=±15V,IFS=  2.0mA 

-6.7 
2.7 

-9.3 
4.5 

-6.7 
2.7 

-9.3 
4.5 

mA 

VS=±15V.IFS=  2.0roA 

-6.7 

-9.3 

-6.7 

-9.3 

Power  Dissipation 

Pd 

Vs  =  +  5V,  -  15V,  I FS  =  2  0m  A 
VS=±15V,IFS=  2.0  mA 

114 
141 

167 
207 

114 
141 

167 
207 

mW 

NOTE: 

1.  In  a  companding  DAC  the  term  LSB  Is  not  used  because  the  step  size  within 
each  chord  fs  different.  For  example,  in  the  first  chord  around  zero  (CqI 
step  size  Is  0.5j*A,  while  in  the  last  chord  near  full-scale  (C7)  step  size  is 
64jiA.  Settling  time  varies  for  each  of  the  chord  bits  and  step  bits  and  a 
maximum  specification  is  misleading.  In  decode  operation,  the  DAC-86 
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and  OP-18  combination  will  decode  eight  channels.  In  the  encode  mode, 
the  OAC-66  and  CMP-01  combination  will  encode  eight  channels.  Both 
encode  and  decode  statements  assume  a  5.2*isec  channel  time. 
2.  Guaranteed  by  design. 
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OUTPUT  CURRENT  DC  TEST  CIRCUIT 


DIGITAL  INPUTS 


(RREFl  <  11 

'   Vr(*I   

12 

R12  *f 
20k!!  S 


VrM 


DEVICE  'OE(-(\ 
UNDER  TEST 

■OD(*l 
'ODf-lV 
VLC 


A"    A18  4r10 

-15V  «16V 
R1-R2-R3-R4-2-5k-.i 


LINE  SELECTION  TABLE 


TEST 
GROUP 

ENCODE/ 
DECODE 

SIGN 
BIT 

OUTPUT 
MEASUREMENT 

1 

1 

1 

■oe(+J 

(E0|/R1) 

2 

1 

0 

'oeH 

(E01/R2) 

3 

0 

1 

Iod(+) 

(Eo2/R3) 

4 

0 

0 

'od(-) 

(E02/R4) 

NOTE:  Accuracy  is  specified  In  the  test  circuit  using  the  tables  below  to  be 
within  the  specified  proportion  ol  a  step  at  the  maximum  value  fn  each  chord. 
Monotonlcity  is  guaranteed  for  all  input  codes. 


CONDENSED  CURRENT  OUTPUT  TABLES  (Iref  =  528MA) 

IDEAL  DECODE  OUTPUT  CURRENT  IN  MICROAMPS  AT  CHORD  ENDPOINTS 


■  CHORD 

0 

1 

2 

3 

4 

5 

6 

7 

STEP   — 

000 

001 

010 

011 

100 

101 

110 

111 

0  0000 

0.0 

8.25 

24.75 

57.75 

123.75 

255.75 

519.75 

1047.75 

15  1111 

7.5 

23.25 

54.75 

117.75 

243.75 

495.75 

999.75 

2007.75 

STEP  SIZE 

0.5 

1 

2 

4 

8 

16 

32 

64 

IDEAL  ENCODE  OUTPUT  CURRENT  IN  MICROAMPS  AT  CHORD  ENDPOINTS 


CHORD 

0 

1 

2 

3 

4 

5 

6 

7 

STEP 

000 

001 

010 

011 

100 

101 

110 

111 

0 

0000 

0.25 

875 

25.75 

59.75 

127.75 

263.75 

535.75 

1079.75 

15 

1111 

7.75 

23.25 

55.75 

119.75 

247.75 

503.75 

1015.75 

2039.75 

STEP  SIZE 

0.50 

1 

2 

4 

8 

16 

32 

64 

NOTE: 

These  tables  may  be  extended  to  include  all  of  the  encode/decode  currents 
(ideal  with  SIREF«528jiA)  by  multiplying  any  of  the  numbers  in  the  normalized 
tables  by  0.5jiA 


PARAMETER  DEFINITIONS 
FULL-SCALE  DRIFT 

Thechange  in  output  current  over  the  full  operating  temperature 
with  VBEF=  10.000V.  R11  =  18.94kn,  and  R12  =  20kn. 

FULL-SCALE  SYMMETRY  ERROR 

The  difference  between  IodH  and  I0d(+)  or  the  difference 
between  Ioe(~)  and  Ioe(+)  at  full-scale  output. 

OUTPUT  VOLTAGE  COMPLIANCE 

The  maximum  output  voltage  swing  at  any  current  level 
which  causes  <  1/2  step  change  in  output  current. 

CHORDS 

Groups  of  linearly-related  steps  in  the  transfer  function.  Also 
known  as  segments. 


CHORD  ENDPOINTS 

The  maximum  code  in  each  chord:  used  to  specify  accuracy. 
STEPS 

Increments  in  each  chord  which  divides  the  chord  into 
16  equal  levels. 

OUTPUT  LEVEL  NOTATION 

Each  output  current  level  may  be  designated  by  the  code 
'c.s  where  C  =  chord  number  and  S  =  step  number.  For 
example,  l0i0  =  zero-scale  current;  lo.i  =  first  step  from  zero; 
io.is  =  endpoint  of  first  chord  (Co):  17,15=  full-scale  current. 

DYNAMIC  RANGE 

Ratio  of  full-scale  current  to  step  size  in  chord  zero,  expressed 
in  dB.  This  can  be  measured  peak  or  peak-to-peak  with  the 
same  result. 
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DAC-86  COMDAC*  COMPANDING  D/A  CONVERTER 


BASIC  ENCODE  OPERATION 
(COMPRESSING  A/D  CONVERSION) 
BASIC  ENCODE  CONNECTIONS 


iBV  ANALOG  INPUT 

9* 


SUCCESSIVE 
APPROXIMATION 
REGISTER 
(SARI 


— O  SIGN 
BIT 


^  CHORD 
?  8IIS 


ENCODE  DECISION  LEVELS 

Compressing  A/D  conversion  with  the  DAC-86  requires  a 
comparator,  an  EXCLUSIVE-OR  gate,  and  a  successive 
approximation  register  —  the  usual  elements  in  any  sign- 


magnitude  A/D  converter.  However,  a  compressing  A/D  has 
one  significant  difference.  In  a  conventional  (linear  conver- 
ter), the  step  size  is  a  constant  percentage  of  full-scale.  In  a 
compressing  A/D  converter,  the  step  size  increases  as  the 
output  changes  from  zero-scale  to  full-scale. 

When  the  DAC  is  used  in  the  feedback  loop  of  a  successive 
approximation  analog  to  digital  converter  (ADC)  the  DAC 
outputs  are  used  as  decision  levels  to  determine  the  edges  of 
the  quantizing  bands.  When  the  DAC  is  used  in  the  decode 
mode  the  outputs  correspond  to  the  center  of  the  quantizing 
bands.  The  encode  mode  output  exceeds  the  decode  mode 
output  by  one-half  step.  See  AN-39  for  detailed  explanation. 

ENCODING  SEQUENCE 

An  encoding  sequence  begins  with  the  sign-bit  decision. 
During  this  time  the  comparator  functions  as  a  polarity  detec- 
tor. The  encode/decode  ( E/D)  input  is  held  at  a  logic  "0".  In 
this  mode,  current  flows  into  the  decode  outputs,  and  the 
comparator  is  effectively  disconnected  from  the  DAC.  Once 
the  input  polarity  has  been  determined,  the  E/D  input  toggles 
to  a  logic  "1"  allowing  current  to  flow  into  Ioe(+)  or  'oeH- 

For  positive  inputs,  current  flows  into  Ioe(+)  through  R1 ,  and 
the  comparator's  output  is  entered  as  the  answer  for  each 
successive  decision.  For  negative  inputs,  current  flows  into 
Ioe(-)  through  R2  developing  a  negative  voltage  which  is 
compared  with  the  analog  input.  An  EXCLUSIVE-OR  gate 
inverts  the  comparator's  output  during  negative  trials  to 
maintain  the  proper  logic  coding,  all  ones  for  full-scale  and 
all  zeros  for  zero-scale. 

The  bits  are  converted  with  a  successive  removal  technique, 
starting  with  a  decision  at  the  code  011  1111  and  turning  off 
bits  sequentially  until  all  decisions  have  been  made. 


2 


O 
U 

o 


o 

i 

u 

Q 


NORMALIZED  ENCODE  LEVEL  (SIGN  BIT  EXCLUDED)  ( lc,s  =  2( 2C  (S  +  17)  -16.5] 


C  =  chord  no.  (0  through  7) 
S  =  step  no.  (0  through  15) 


CHORD 

0 

1 

2 

3 

4 

5 

6 

7 

STEP 

000 

001 

010 

011 

100 

101 

110 

111 

0 

0000 

1 

35 

103 

239 

511 

1055 

2143 

4319 

1 

0001 

3 

39 

111 

255 

543 

1119 

2271 

4575 

2 

0010 

s 

43 

119 

271 

575 

1183 

2399 

4831 

3 

0011 

7 

47 

127 

287 

607 

1247 

2527 

5087 

4 

0100 

9 

51 

135 

303 

639 

1311 

2655 

5343 

5 

0101 

11 

55 

143 

319 

671 

1375 

2763 

5599 

6 

0110 

13 

59 

151 

335 

703 

1439 

2911 

5855 

7 

0111 

15 

63 

159 

351 

735 

1503 

3039 

6111 

8  1000 

17 

67 

167 

367 

767 

1567 

3167 

6367 

9 

1001 

19 

71 

175 

383 

799 

1631 

3295 

6623 

10 

1010 

21 

75 

183 

399 

831 

1695 

3423 

6879 

11 

1011 

23 

79 

191 

415 

863 

1759 

3551 

7135 

12 

1100 

25 

S3 

199 

431 

895 

1823 

3679 

7391 

13 

1101 

27 

87 

207 

447 

927 

1887 

3807 

7647 

14 

1110 

29 

91 

215 

463 

959 

1951 

3935 

7903 

15 

1111 

31 

95 

223 

479 

991 

2015 

4063 

8159 

STEP  SIZE 

2 

4 

8 

16 

32 

64 

128 

256 
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ENCODE  TRANSFER  CHARACTERISTICS 
(A/D  CONVERSION) 


DIGITAL 
OUTPUT  1*1 


OIOITAL 
OUTPUT  l-l 


BASIC  DECODE  OPERATION 
(EXPANDING  D/A  CONVERSION) 

D/A  conversion  with  the  DAC-86  is  implemented  by  using  an 
operational  amplifier  connected  to  the  decode  outputs.  The 
decode  mode  of  operation  is  selected  by  applying  a  logic  "0" 
to  the  encode/decode  input.  This  enables  the  Iod(+)  or 
■od(~)  to  be  selected  by  the  sign-bit  input.  When  the  sign-bit 
input  is  high,  a  logic  "1",  all  of  the  output  current  flows  into 


Iod(+)  forcing  a  positive  voltage  at  the  operational  amplifier's 
output.  When  the  sign-bit  input  is  low,  logic  "0",  all  of  the 
output  current  flows  into  I  oo(~)  through  R2  forcing  a  negative 
voltage  output.  The  sign-bit  steers  current  into  Iqd(+)  or 
Iod(-).  therefore  the  output  will  always  be  symmetrical, 
limited  only  by  the  matching  of  R1  and  R2. 


DECODE  TRANSFER  CHARACTERISTIC 
(D/A  CONVERSION) 


ANALOG 
OUTPUT  (*) 


ANALOG 
OUTPUT  (-) 


NORMALIZED  DECODE  OUTPUT  (SIGN  BIT  EXCLUDED)  (lc,s  =  2(2°  O  + 16.5)  -16.5] 


C = chord  no.  (0  through  7) 
S  =  step  no.  (Othrough  15) 


CHORD 

0 

1 

2 

3 

4 

5 

6 

7 

STEP 

000 

001 

010 

011 

100 

101 

110 

111 

0 

0000 

0 

33 

99 

231 

495 

1023 

2079 

4191 

1  0001 

2 

37 

107 

247 

527 

1087 

2207 

4447 

2 

0010 

4 

41 

116 

263 

559 

1151 

2335 

4703 

3 

0011 

6 

45 

123 

279 

591 

1215 

2483 

4959 

4 

0100 

8 

49 

131 

295 

623 

1279 

2591 

5215 

S 

0101 

10 

53 

139 

311 

655 

1343 

2719 

5471 

6 

0110 

12 

57 

147 

327 

687 

1407 

2847 

5727 

7 

0111 

14 

61 

155 

343 

719 

1471 

2975 

5983 

S  1000 

16 

65 

183 

359 

751 

1535 

3103 

6239 

9  1001 

18 

69 

171 

375 

783 

1599 

3231 

6495 

10 

1010 

20 

73 

179 

391 

815 

1683 

3359 

6751 

11 

1011 

22 

77 

187 

407 

847 

1727 

3487 

7007 

12 

1100 

24 

81 

195 

423 

879 

1791 

3615 

7263 

13 

1101 

26 

85 

203 

439 

911 

1855 

3743 

7519 

14 

1110 

28 

89 

211 

455 

943 

1919 

3871 

7775 

15 

1111 

30 

93 

219 

471 

975 

1983 

3999 

8031 

STEP  SIZE 

2 

4 

8 

16 

32 

64 

128 

256 
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NORMALIZED  TABLES 

The  encode  and  decode  tables  are  used  to  calculate  the  ideal 
output  current  at  any  point.  For  example,  in  decode  mode  at 
l3j  (011  0111)  find  343.  343/8031  X  lFS  =  85.75jiA  (lFS  = 
2007.75pA).  Alternatively,  use  the  condensed  current  tables 
and  add  up  the  number  of  steps. 

BASIC  REFERENCE  CONSIDERATIONS 

Full-scale  output  current  is  ideally  2007.75^  A  when  the  refer- 
ence current  is  528pA  in  the  decode  mode.  In  the  encode 
mode  Ifs=  2039.75mA  due  to  the  additional  1/2  step  (32pA). 
A  percentage  change  in  Iref  will  produce  the  same  percen- 
tage change  in  output  current. 

The  large  step  size  at  full-scale  allows  the  use  of  inexpensive 
references  in  many  applications.  In  some  situations  VREFmay 
even  be  the  positive  power  supply.  For  example,  with  V+  - 
1SV,  RftEF-  15V/528jtAor28.4kn.  When  using  a  power  supply 
as  a  reference,  R11  becomes  two  resistors,  R11Aand  R11B, 
and  the  junction  bypassed  to  ground  with  a  0.1/if  monolithic 
capacitor. 

DECODE  OUTPUT  VOLTAGE 


BASIC  DECODE  CONNECTIONS 


IDEAL  VALUES: 
IREF  *  S2&A 
lFS  -  M1&.A 

NOTE:  THIS  CONFIGURATION  WILL  DECODE  24  CHANNELS. 


E/O 

SB 

B1 

Bi 

B3 

B4 

BS 

B8 

B7 

VOLT 

POS  FULL-SCALE 

0 

1 

1 

1 

1 

1 

1 

1 

1 

5.019V 

(+)  ZERO-SCALE +1  STEP 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0.0012 

(+)  ZERO-SCALE 

0 

1 

0 

0 

0 

0 

0 

0 

0 

OV 

(-)  ZERO-SCALE 

0 

0 

0 

0 

0 

0 

0 

0 

0 

OV 

(-)  ZERO-SCALE  +1  STEP 

0 

0 

0 

0 

0 

0 

0 

0 

1 

-0.0012 

NEG  FULL-SCALE 

0 

0 

1 

1 

1 

1 

1 

1 

1 

-5.019V 

REFERENCE  AMPLIFIER  SETUP 

The  DAC-86  is  a  multiplying  D/A  converter.  The  output  cur- 
rent is  the  product  of  the  normalized  digital  input  and  the 
input  reference  current.  The  reference  current  may  be  fixed 
or  may  vary  from  nearly  zero  to + 1 .0mA.  The  full-scale  output 
current  is  a  linear  function  of  the  reference  current. 

In  external  reference  applications  a  positive  reference  vol- 
tage forces  current  through  R11  in  the  the  VH(+)  terminal  (pin 
11 )  of  the  reference  amplifier.  Alternatively,  a  negative  refer- 
ence may  be  applied  to  Vr(-)  at  pin  12;  reference  current 
flows  from  ground  through  R11  into  VR(+).  This  negative 
reference  connection  has  the  advantage  of  presenting  a  very 
high  Impedance  at  pin  12.  The  voltage  at  pin  11  is  equal  to  and 
tracks  the  voltage  at  pin  12  due  to  the  high  gain  of  the  internal 


SYSTEM  TEST  CIRCUIT 


to 
oS 

LXJ 


o 

U 

O 
O 

i 

< 

6 
o 

Q 


MULTIPLEXER 


MULTIPLEXER 


ANALOG 
CHANNELS 


SAMPLE/HOLD 


DAC- 


V 


QIGITAL 
SWITCHING 
MATRIX 


OMUX- 
B8 


55 


ANA  LOO 

CHANNELS 

OUT 


KP-3S61A 
AUDIO  TEST 
ANALYZER 


ENCODE 
TIMtNG/CTL 


CROSSTALK   -75dB 

IDLE  CHANNEL  NOISE  21dBnc 

[AVERAGE  CHANNEL  VALUE) 


DECODE 
TIMtNG/CTL 


NOTES: 

1. 1.SkHi  SAMPLING  CONDITIONS  A/D  CONVERSION  TIME 
15.54*  ». 

2.  AUDIO  TEST  ANALVZER  CONTAINS  AC  MESSAGE  FILTER 
AND  3kHi  FLAT  FILTER. 


HP-3S6IA 
AUDIO  TEST 
ANALVZER 
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reference  amplifier.  R12  (nominally  equal  to  R11 )  is  used  to 
cancel  bias  current  errors  and  may  be  eliminated  with  a 
minor  increase  in  error. 


POSITIVE  REFERENCE  OPERATION 


DIGITAL  INPUTS 

?.?.?,?■  Ti?A7»Ti 

97  B8BS  B4  B3B2B1  SB  E/D\  H 

■oewV-t — °  ENCOOE 


VREF 


RREF 


DECODE  OUTPUTS 
IDEAL  VALUES: 
IREF  -  52S.A 
Ifs  "  20HWA 

NOTES: 

1.  RECOMMENDED  WHEN  VREF  (S  V»  OR  THE  LOGIC  POWER  SUPPLY. 

2.  PINS  II  AND  12  ARE  EQUAL  IN  VOLTAGE.  VREF  IS  IMPRESSED 
ACROSS  R11  IRREFl. 


ENCODE  OUTPUTS 
IDEAL  VALUES: 
IREF  *  528uA 
IFS  -  204&iA 


NEGATIVE  REFERENCE  OPERATION 


DIGITAL  INPUTS 

RI1  > 
18.MM1  ? 
IRREFl  it!! 


B7  B6BS  B4  B3B2B1  SaE/0\  14  «_ 

IOlW» — 1  0 

VR(«) 
VRl-l 


e.       p  VRl-l 

I     A"  i« 


IREF  -  - 


-VREF 


-VREF 
RREF 


T1SV  «1SV 

DECODE  OUTPUTS 
IDEAL  VALUES: 
IREF  "  S20iA 
IfS  "  2018vA 


OUTPUTS 


.  -  DECODE 

Ippl-t  /*>  «—     „  OUTPUTS 


ENCODE  OUTPUTS 
IDEAL  VALUES: 
IREF  ■  62»«A 
IPS  -  2044LiA 


NOTE: 

PINS  11  AND  12  ARE  EQUAL  IN  VOLTAGE.  VREF  IS  IMPRESSED 
—~SR11  IHREf| 


REFERENCE  AMPLIFIER  OPERATION 

For  most  applications  a  +10.0V  reference,  such  as  the  PMI 
REF-01 ,  is  recommended  for  optimum  full-scale  temperature 
performance.  (This  also  minimizes  the  contributions  of  ref- 
erence amplifier  Vosand  TCVqs)-  For  most  applications  the 
tight  relationship  between  lREFand  Ifs  eliminates  the  need 
for  trimming  IrefI  but  if  desired  full-scale  trimming  is 


accomplished  by  selecting  R11  or  by.  using  a  potentiometer 
for R11. 

Using  lower  values  of  reference  current  reduces  negative 
power  supply  current  and  increases  reference  amplifier  neg- 
ative common-mode  range.  While  the  recommended  operat- 
ing range  of  DC  reference  current  is  0.1  mA  to  1 .0mA,  mono- 
tonic  operation  is  maintained  over  an  even  wider  range. 


LOGIC  INPUT  AND  POWER  SUPPLY 
CONSIDERATIONS 

INTERFACING  CIRCUIT  FOR 

ECL,  CMOS,  HTL,  AND  NMOS  LOGIC  INPUTS 


ECL 


CMOS.  HTL,  NMOS 
9  V* 


 k^ZN3904 


"—TV"* 


TO  PIN  10 

:«obalc 


6.2V 

NOTES: 

1.  SET  THE  VOLTAGE  "A"  TO  BE  AT  THE  DESIRED  LOGIC  INPUT 
SWITCHING  THRESHOLD. 

2.  ALLOWABLE  RANGE  OF  LOGIC  THRESHOLD  IS  TYPICALLY 
-SV  TO  +13V  WHEN  OPERATING  THE  DACE8  ON  :15V  SUP- 
PLIES 


LOGIC  INPUTS 

The  DAC-86  interfaces  with  various  logic  families  by  refe- 
rencing VLC  (pin  10)  at  a  potential  which  is  1.4V  below  the 
desired  logic  input  switching  threshold.  However,  this 
voltage  source  must  be  capable  of  sourcing  and  sinking  a 
changing  current  at  pin  10. 

The  negative  voltage  at  the  logic  inputs  must  be  limited  to 
+10V  with  respect  to  V-  (pin  13). 

POWER  SUPPLIES 

Power  supply  current  drain  is  relatively  independent  of 
voltage  and  temperature  and  completely  independent  of  the 
logic  input  states. 

When  operating  with  V-  between  -15V  and  -11V,  output 
negative  voltage  compliance,  V0c(_).  reference  input 
amplifier  common-mode  voltage  range,  and  logic  input 
negative  voltage  range  are  reduced  by  an  amount  equivalent 
to  the  difference  between  -1SV  and  the  V-  supply  in  use. 
Operation  with  V+  between  +5V  and  +15V  affects  VLC  and 
the  reference  amplifier  common-mode  positive  voltage  range 
in  the  same  manner. 
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SYSTEM  PERFORMANCE  CHARACTERISTICS 
SIGNAL  TO  QUANTIZING  DISTORTION  vs  INPUT  LEVEL 


GAIN  TRACKING 


•1.5 

_  *1.0 

a 

3  ♦OB 
X 

o 

5  0.0 

s 

°-o.s 


-30  -20  -10 
INPUT  LEVEL  (dBmOt 


 3kHj  FLAT 


OUTPUT  VOLTAGE  COMPLIANCE 

The  DAC-86  has  true  current  outputs  with  wide  voltage  com- 
pliance that  enables  single  ended  and  balanced  load  drive 
capability.  Positive  voltage  compliance  is + 18V  and  negative 
voltage  compliance  is  -5.0V  with  I  ref  =  528pA  and  V  =  -  15V. 
Negative  voltage  compliance  VocH  'or  other  values  of  Iref 
and  V-  may  be  obtained  from  the  table,  or  calculated  as 
follows: 

V0CH  mln  =  (V-)  +  (2  lREFx  1.6kn)  +  8.4V 

Output  voltage  compliance  can  be  extended  in  both  encode 
and  decode  modes  using  the  connections  shown  above. 


STANDARD  OUTPUT  CONNECTIONS 


Vref 

•10V 


DIGITAL  INPUTS 


V„|.| 


R11  ?  ?»?»T7?B?»?4?3?2?1 
Ul>  B*     84     BJ    SB      \=  1 

"ref  CJ1  v.w  'ot'«\i«  — 

RU  > 
20U1  < 


STANDARD  ENCOOE/DECODE 
CONNECTIONS  REQUIRE 
IVocI-IKIVaiwxI 


2AI)  COMPARATOR 

TO  A/0 
CONVERSION 
LOOIC 


OUTPUT  COMPLIANCE  EXTENSION  CONNECTIONS 


VREF 
♦10V 


"REF  (_ 

■ref" 


OICITAL  INPUTS 


?,?.?1?.?B?4?3?,?V  t 
B7     B5     B3     B1    EA\u^.  _ 


TOA/D 
CONVERSION 
LOOIC 


V„W 

VrW 


A"  A"  A1' 


EXTENDED  RANGE  CONNECTION  ALLOWS 
VAmtx<Voc,.)/n 
WHERE  A  •  R2/R1  +  R3 
VAMUCT  ORIVE  R1  *«2 


R1  R2-nR1 


NEGATIVE  OUTPUT  VOLTAGE  COMPLIANCE  Voc<-> 


■fs 

V- 

1.0mA 

2.0mA 

4.0mA 

-12V 

-Z.8V 

-2.0V 

-0.4V 

-15V 

-5.8V 

-5.0V 

-3.4V 

-18V 

-8.8V 

-8.0V 

-6.4V 

MINIMUM  NEGATIVE  COMPLIANCE 
V0C(-)  MIN  =  (V-)  +  (2  lREF  1.6kO)  +  8.4V 


DICE 

For  applicable  DICE  Information,  see  DAC-88  Data  Sheet. 
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HD  DAC-88 

COMDAC®  COMPANDING 
D/A  CONVERTER  |m-255  LAW) 


Precision  Monolithics  Inc. 


FEATURES 

•  IMPROVED  ACCURACY  over  DAC-86 

•  IMPROVED  SPEED  over  DAC-86 

•  Conforms  With  Bell  System  p-255  Companding  Law 

•  Meets  D3  Compandor  Tracking  Specifications 

•  Both  Encode  and  Decode  Capability 

•  Tight  Full-Scale  Tolerance  Eliminates  Calibration 

•  Low  Full-Scale  Drift  Over  Temperature 

•  Extremely  Low  Noise  Contribution 

•  Multiplying  Reference  Inputs 

•  Simplifies  PCM  System  Design 

•  High  Reliability 

•  Low  Power  Consumption  and  Low  Cost 

•  Fully  Specified  Dice  Available 


GAIN  TRACKING 


3 

3  «0  .6 

z 

o 

6  0.0 


I 

-1.0  -  - 

-1.5  _1_  .W 
|A>  GAIN  TRACKING  PERFORMANCE  OF  DAC-88  IN  8 -CHANNEL  SYSTEM. 


PSK^^^j;     INPUT  LEVEL  W3<n0] 


GENERAL  DESCRIPTION 

The  DAC-88  monolithic  COMDAC*  D/A  Converter  provides 
a  IS  segment  linear  approximation  to  the  Bell  System  jj-255 
companding  law.  The  law  Is  implemented  by  using  three  bits 
to  select  one  of  eight  binarily-related  chords  (or  segments) 
and  four  bits  to  select  one  of  sixteen  linearly-related  steps 
within  each  chord.  A  sign  bit  determines  signal  polarity,  and 
an  encode/decode  input  determines  the  mode  of  operation. 

Accuracy  is  assured  by  specifying  chord  end  point  values, 
step  nonlinearity,  and  monotonicity  over  the  full  operating 
temperature  range.  Typical  applications  include  PCM  carrier 
systems,  digital  PBX's,  intercom  systems,  and  PCM  record- 
ing. For  CCITT  "A"  Law  models,  refer  to  the  DAC-89  data 
sheet. 


PIN  CONNECTIONS  &  ORDERING  INFORMATION 


ENCODE/DECODE  SELECT: 
1  -  ENCODE 
SIGN  BIT  INPUT: 
1  -  POSITIVE 
MOST  SIGNIFICANT  CHORD 
BIT  INPUT 
SECOND  CHORD  BIT  INPUT 


SECOND  STEP  BIT  INPUT 
THIRO  STEP  SIT  INPUT 


POSITIVE  POWER  SUPPLY 
OECODE  OUT:  6/0  SQ  ■  00 
DECODE  OUT:  E/D58- 01 
ENCODE  OUT:  E/D  S8  -  10 
ENCODE  OUT:  E/D  SB  -  1 1 
NEGATIVE  POWER  SUPPLY 

NEGATIVE  REFERENCE 
INPUT 

POSITIVE  REFERENCE 
INPUT 

LOGIC  THRESHOLD 
CONTROL 


18-PIN  HERMETIC  DUAL-IN-LINE 
(X-Sufflx) 


Grade 

DAC-88EXt 


Temp.  Range 

-25°C/+85°C 


Accuracy 
±1/4  Step 


t  Burn-in  is  available  on  commercial  and  industrial  temperature  range 
parts  in  cerdip.  plastic  dip,  and  TO-can  packages.  For  ordering 
information,  see  1988  Data  Book.  Section  2. 


BELL  m-255  LAW  TRANSFER  CHARACTERISTIC 

The  DAC-88  transfer  characteristic  is  a  piecewise  linear 
approximation  to  the  Bell  System  p255  law  expressed  by: 


Y(x)  =  sgn(x> 


Ind+Hxl) 
Ind  +n) 


-1  <X<1 


for  a  normalized  coding  range  of  ±  1 
where:  x  =  input  signal  level 

Y  =  output  compressed  signal  level 

0  =  255 

This  law  is  implemented  with  an  eight  chord  (or  segment) 
piecewise  linear  approximation  with  16  linear  steps  in  each 
chord.  Dynamic  range  of  72dB  in  both  polarities  is  achieved 
with  eight-bit  coding. 


EQUIVALENT  CIRCUIT 


STEP  CHORD 
INPUTS  INPUTS 
37  B6  OS  B4      B3  62  Dl 


4, — Jl 


CURRENT  OUTPUT  DAC 


vie 
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ABSOLUTE  MAXIMUM  RATINGS 

V+  Supply  to  V-  Supply   36V 

VLC  Swing  -.          V-  plus  8V  to  V+ 

Analog  Current  Outputs   V-  plus  8V  to  V-  plus  36V 

Reference  Inputs   V-  to  V+ 

Reference  Input  Differential  Voltage    ±18V 

Reference  Input  Current    1.25mA 

Logic  Inputs   V-  plus  8V  to  V-  plus  36V 


Operating  Temperature    ^S'C  to +85<>C 

Storage  Temperature    -65"Cto  +  150oC 

Power  Dissipation    SOOmW 

Derate  Above  100°  C   10mW/°C 

Lead  Temperature  (Soldering,  60  sec)   300"  C 


NOTE:  Absolute  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  lREF=S28/iA,-2S°C<TA<+8S°C,  all  4  outputs,  unless  otherwise  noted. 


DAC-88E 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Resolution 

8  chords  with  16  steps  each 

±128 

±128 

±128 

Steps 

Dynamic  Range 

20lojllT,i(/lo.ii 

72 

72 

72 

dB 

Monotonicity 

Sign-Bit  +  or  - 

128 

Steps 

Chord  End-Point  Accuracy 
Chord  Zero 

Error  relative  to  ideal  values 
at  lFS  =  2007.75(jA 

— 

±1/4 

Step 

Chord  End-Point  Accuracy 

Error  relative  to  ideal  values 

— 

— 

±1/2 

Step 

All  Chords  Other  Than  Zero 

at  I  FS  =  2007.75,1 A 

Encode  Decision  Level  Current 

Additional  output 
encode/decode  =  1 

3/8 

1/2 

5/8 

Step 

Settling  Time  {Note  1 1 

Is 

To  within  ±1/2  step 

- 

500 

— 

ns 

Settling  Time  in  Chord  Zero 

Tsco 

To  within  ±1/2  step 

— 

500 

- 

ns 

Full-scale  Drift  lC7i  (Note  31 

•IIfs 

Full  temperature  range 

- 

±1/16 

±1/10 

Step 

Output  voltage  Compliance 

voc 

Full-Scale  current  change 
<  1/2  step 

-5 

+  18 

Volts 

Full-Scale  Symmetry  Error 

t  Nnta  9i 
I  nuiu 

i0i+i  ■  lo<-i 

Decode  or  encode  pair 
Input  Code  111 1111 

— 

±1/40 

±1/8 

Step 

Zero-Scale  Current  iC0i 
(Note  21 

Izs 

Measured  at  selected  output 
with  000  0000  Input 

±1/40 

±1/8 

Step 

Oisable  Current  (All  bits  high) 
(Note  2) 

'OiS 

Leakage  of  output  disabled 
by  E/O  and  SB 

5 

100 

nA 

Step  Accuracy 

Error  relative  to  ideal  values 

±1/4 

Step 

Chord  Zero 

atlFS  =  20O7.75(iA 

Step  Accuracy 

Error  relative  to  ideal  values 

±1/2 

Step 

All  Chords  Other  Than  Zero 

at  lFS  =  2016pA 

Output  Current  Range 

'fsr 

2.0 

4.2 

mA 

Logic  Input  Levels.  Logic  "0" 

V,L 

VLC  =  0V 

0.8 

Volts 

Logic  Input  Levels,  Logic  "1" 

V(H 

VLC  =  0V 

2 

Volts 

Logic  Input  Current 

'in 

V,N  =  -5Vto  +  18V 

120 

eA 

Logic  Input  Swing 

v,s 

V-  =  -15V 

-5 

+  18 

Volts 

Reference  Bias  Current 

1 12 

-3 

-12 

cA 

Reference  Input  Stew  Rate 

dl/dt 

0.2S 

mA/ps 

Power  Supply  Sensitivity  Over 
Supply  Range  (Refer  to 
Characteristic  Curves) 

PSSIfst 
PSSIFS_ 

V+  =  4.5V  to  18V,  V-  =  -15V 
V-  =  -10.8V  to  -18V,  V+  =  15V 

±1/20 
±1/10 

±1/2 
±1/2 

Step 

NOTES: 

1.  In  a  companding  OAC  the  term  LSB  is  not  used  because  the  step  size 
within  each  chord  Is  different.  For  example.  In  the  first  chord  around  zero 
(Cq>  step  size  is  0.5p  A,  while  in  the  last  chord  near  full-scale  ( C7)  step  size 
Is  64pA.  Settling  time  varies  for  each  of  the  chord  bits  and  step  bits  and  a 
maximum  specification  is  misleading,  fn  decode  operation,  the  DAC-88 
and  OP-16  combination  will  decode  24  channels.  In  the  encode  mode,  the 


DAC-88  and  CMP-01  combination  will  encode  eight  channels.  Both 
encode  and  decode  statements  assume  a  5.2^s  channel  time. 

2.  Current  specifications  relate  to  differential  currents  between  (+)  and  {-) 
output  leads.  At  the  selected  outputs,  equal  Idle  currents  are  present 
simultaneously  on  both  current  output  leads. 

3.  Guaranteed  by  design. 
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ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  lHEF  =  528^A,  -25°C  <  TA <  +85°C,  all  4  outputs,  unless 
otherwise  noted.  (Continued) 


DAC-8BE 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

UNITS 

l+ 

VS=+5V.-15V,  lFS=  2.0mA 

—  2.7 

5.5 

Power  Supply  Current 

I- 
1- 
1- 

VS=+5V, -15V,  lfS=  2.0mA 
VS=±15V,IFS=  2.0mA 
Vs  =  ±15V,lFS=2.0mA 

-  -6.7 

-  27 

-  -6.7 

-12 
5.5 
-12 

mA 

Power  Dissipation 

Pa 

VS=+5V, -15V,  lFS=  2.0mA 
VS=±15V,IFS=  2.0mA 

—  114 

—  141 

207 
262 

mW 

Full-Scale  Current  Deviation 
From  Ideal  Deviation 
ISeeTablesI  (Note  2) 

Ifs(D| 

VHEF  10.000V.  TA  =  25°  C 
R11  =  19.53kf).  R12  =  20kfl 

±1/2 
±1/2 

Step 

Idle  Current  (Note  2) 

1, 

10 

*A 

NOTE: 

2.  Current  specifications  relate  to  differential  currents  between  (+i  and  (-) 
output  leads.  At  the  selected  outputs,  equal  idle  currents  are  present 
simultaneously  on  both  current  output  leads. 


WAFER  TEST  LIMITS  at  Vs  =  ±15v,  lqEF  =  528,<A,  TA  =  25°C,  all  4  outputs,  unless  otherwise  noted. 


DAC-88N 
(NOTE  3) 

PARAMETER  SYMBOL  CONDITIONS  LIMIT  UNITS 


Resolution  6  chords  with  16  steps  each  ±128  Steps  MIN 


Dynamic  Range 

20  log(l7.19/l0.,l 

72 

dB  MIN 

Monotonicity 

Sign-Bit  +  or- 

128 

Steps  MIN 

Chord  End-Point  Accuracy 
Chord  Zero 

Error  relative  to  ideal  values 
at  lFS"  2007.75,iA 

+  1/4 

Step  MAX 

Chord  End-Point  Accuracy 
All  Chords  Other  Than  Zero 

Error  relative  to  ideal  values 
at  lf<    2007  75(iA 

±1/2 

Step  MAX 

Encode  Decision  Level 
Current 

Additional  output 
encode/decode  =  1 

3/8 
5/8 

Step  MIN 
Step  MAX 

Output  Voltage  Compliance  V0, 

Full-scale  current  change 
<  1/2  step 

-5 
+  18 

Volts  MIN 
Volts  MAX 
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WAFER  TEST  LIMITS  at  Vs=  ±15V,  lREF  =  528>»A,  Ta  =  25°C,  all  4  outputs,  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC-88N 
(NOTE  3) 
LIMIT 

UNITS 

Futl-Scalo  Symmetry  Error 
(Note2l 

l0+-l0- 

Decode  or  encode  pair 
Input  Code  111 1111 

±1/8 

Step  MAX 

Zero-Scale  Curront  (Note  2) 

'zs 

Measured  at  selected  output 
000  0000  input 

1/8 

Step  Max 

Disable  Current  (All  bits  high) 

'ois 

Leakage  of  output  disabled 

hu  fr/n  and  CR 
Oy  C/  V  a  (TO  OD 

100 

nA  MAX 

Step  Accur&cy 
Chord  Zero 

Error  relative  to  ideal  values 
at  lFS  =  2007.75(iA 

+  1/4 

Step  MAX 

All  Chords  Other  Than  Zero 

CllUl  IBIallVW  IU  lutfai  VUIUV3 

at  lFS  =  2016*A 

±1/2 

Step  MAX 

Output  Current  Range 

'fsb 

4.2 

mAMIN 

LoqIc  Input  Levels,  Logic  "0 

If 

VIL 

VLC  uv 

0  8 

V/nlt«  UAV 

Logic  Input  Levels,  Logic  "1" 

V,H 

VLC  =  0V 

Z 

Volts  MIN 

Logic  Input  Current 

'in 

V|N  =  -5VtO  +  18V 

120 

ftA  MAX 

Logic  Input  Swing 

V1S 

-S 
+  18 

Volts  MIN 
Volts  MAX 

Reference  Bias  Current 

I12 

-12 

11AMAX 

Power  Supply  Sensitivity  Over 
Supply  Range 

PSSIps- 
PSSIFS_ 

V+  =  4.5V  to  18V 
V-  = -10.8V  to -18V 

±1/2 
+  1/2 

Step  MAX 
Step  MAX 

Power  Supply  Current 

1+ 
1- 

VS  =  ±15V.  IFS  =  2.0mA 

5.75 
-12.0 

mA  MAX 

1+ 
1- 

VS  =  ±15V.  Ifs  =  2  0mA 

5.75 
-12.0 

mA  MAX 

Full-Scale  Current  Deviation 

IfsD 

VREF  10.000V.  TA  =  25»C 

±1/2 

Step  MAX 

From  Ideal  Deviation 
(See  Tables)  (Nole  2) 

R11  =  19.53kfl 
R12  =  20kn 

±1/2 

Step  MAX 

NOTE: 

Electrical  tests  performed  at  wafer  probe  to  the  limits  shown.  Due  to  varlationsln  assembly  methodsand  normal  yield  loss,  yield  after  packaging  is 
(or  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

mot  guaranteed 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  and  TA  = 

25° C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

DAC-88N 

TYPICAL 

UNITS 

Settling  Time  (Note  1) 

<S 

To  within  ±1/2  step 

500 

ns 

Settling  Time  in  Chord  Zero 

Tsco 

To  within  ±1/2  step 

500 

ns 

Full-Scale  Drift  (C;) 

AIfs 

Full  temperature  range 

+  1/16 

Step 

Reference  Input  Slew  Rate 

dl/dt 

0.25 

mA/iiS 

Power  Dissipation 

Po 

VS+5V.-15V 

114 

mW 

Pd 

VS=±15V 

141 

mW 

Idle  Current  (Note  2) 

'l 

10 

nA 

NOTES: 

1.  In  a  companding  DAC.  the  term  LSB  is  not  used  because  the  step  size 
within  each  chord  is  different.  For  example,  in  the  first  chord  around  zero 
|C0)  stepsize  fsO.S/iA.  While  in  the  last  chord  near  full-scale  (Cj)  step  size 
is  64pA.  Settling  time  varies  for  each  of  the  chord  bits  and  step  bits  and  a 
maximum  specification  is  misleading. 

2.  Current  specifications  relate  to  differential  currents  between  (+)  and  {-) 
output  leads.  At  the  selected  outputs,  equal  idle  currents  are  present 
simultaneously  on  both  current  output  leads. 

3.  See  DAC-88E  for  typical  values. 
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OUTPUT  CURRENT  DC  TEST  CIRCUIT 


-15V  «1SV 
Rl  -  R2  -  R3  -  R4  •  2.5W1 


■VREF  IS  ADJUSTED  BEFORETESTOTO  EACH  DEVICE 
TO  PROVIDE  [DEAL  FULL-SCALE  OUTPUT  CURRENT. 


LINE  SELECTION  TABLE 


TEST 
GROUP 

ENCODE/ 
DECODE 

SIGN 
BIT 

OUTPUT 
MEASUREMENT 

1 

1 

1 

"OE<+> 

(Eoi/RI) 

2 

1 

0 

"OEM 

(Eoi/R2) 

3 

0 

0 

■OD<+> 

(Eoz/R3) 

4 

0 

0 

"odH 

NOTE:  Accuracy  Is  specified  In  the  test  circuit  using  the  tables  below  to  be 
within  the  specified  proportion  ol  a  step  at  the  maximum  value  In  each  chord. 
Monotonlclty  Is  guaranteed  (or  all  Input  codes. 


CONDENSED  CURRENT  OUTPUT  TABLES  (lREF  =  S26>A) 

IDEAL  DECODE  OUTPUT  CURRENT  IN  MICROAMPS  AT  CHORD  ENDPOINTS 


- -^^^  CHORD 

0 

1 

2 

3 

4 

5 

6 

7 

STEP 

000 

001 

010 

011 

100 

101 

110 

111 

0  0000 

0 

8.25 

24.76 

57.75 

123.75 

25S.75 

519.75 

1047.75 

15  1111 

7.5 

23.25 

54.76 

117.75 

243.75 

495.75 

999.75 

2007.75 

STEP  SIZE 

0.50 

1 

2 

4 

8 

16 

32 

64 

IDEAL  ENCODE  OUTPUT  CURRENT  IN  MICROAMPS  AT  CHORD  ENDPOINTS 


~~  CHORD 

0 

1 

2 

3 

4 

S 

6 

7 

STEP  — _^ 

000 

001 

010 

011 

100 

101 

110 

111 

0  0000 

0.25 

8.75 

25.78 

59.75 

127.75 

2S3.75 

535.75 

1079.75 

15  1111 

7.75 

23.75 

55.75 

119.75 

247.75 

503.75 

1015.75 

2039.75 

STEP  SIZE 

0.50 

1 

2 

4 

8 

16 

32 

64 

NOTE:  These  tables  may  be  extended  to  Include  all  of  the  encode/  decode 
currents  I  Ideal  with  lBEr  =  528jiA)  by  multiplying  any  of  the  numbers  In  the 
normalized  tables  by  0.25jiA. 


PARAMETER  DEFINITIONS 
FULL-SCALE  DRIFT 

The  change  in  output  current  over  the  full  operating 
temperature  with  VnEF  =  10.000V,  R11  =  18.94kfl,  and 
R12  =  20kn. 

ENCODE  CURRENT 

The  difference  between  Ioe(+)  and  Iod(+)  or  the  difference 
between  IoeH  and  IodH  at  any  code. 

FULL-SCALE  SYMMETRY  ERROR 

The  difference  between  IodH  and  loo(+)  or  the  difference 
between  IoeH  and  Ioe(+)  at  full-scale  output. 

OUTPUT  VOLTAGE  COMPLIANCE 

The  maximum  output  voltage  swing  at  any  current  level 
which  causes  <  1/2  step  change  in  output  current. 

IDEAL  OUTPUT  CURRENT 

The  difference  between  the  (+)  and  (-)  currents  (encode  or 
decode)  at  any  code. 


CHORDS 

Groups  of  linearly-related  steps  in  the  transfer  function.  Also 
known  as  segments. 

CHORD  ENDPOINTS 

The  maximum  code  in  each  chord;  used  to  specify  accuracy. 
STEPS 

Increments  in  each  chord  which  divides  the  chord  into  16 
equal  levels. 

OUTPUT  LEVEL  NOTATION 

Each  output  current  level  may  be  designated  by  the  code  Ic.s 
where  C  =  chord  number  and  S  =  step  number.  For  example, 
I o.o  =  zero-scale  current:  lo,i  =  first  step  from  zero;  lo.is  - 
endpoint  of  first  chord  (Co);  17,15  =  full-scale  current. 

DYNAMIC  RANGE 

Ratio  of  full  scale  current  to  step  size  in  chord  zero,  expressed 
in  dB. 
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BASIC  ENCODE  OPERATION 
(COMPRESSING  A/D  CONVERSION) 

ENCODE  DECISION  LEVELS 

Compressing  A/D  conversion  with  the  DAC-88  requires  a 
comparator,  an  EXCLUSIVE-OR  gate,  and  a  successive 
approximation  register  —  the  usual  elements  in  any  sign 
magnitude  A/D  converter.  However,  a  compressing  A/D  has 
one  significant  difference.  In  a  conventional  (linear  conver- 
ter), the  step  size  is  a  constant  percentage  of  full-scale.  In  a 
compressing  A/D  converter,  the  step  size  increases  as  the 
output  changes  from  zero-scale  to  full-scale. 


BASIC  ENCODE  CONNECTIONS 


GROUND 
FOR 

si  note 

ENDED 
INPUTS 


SUCCESSIVE 
APPROXIMATION 
REGISTER  (SARI 


STEP 
BITS 


When  the  DAC  is  used  in  the  feedback  loop  of  a  successive 
approximation  analog  to  digital  converter  (ADC)  the  DAC 
outputs  are  used  as  decision  levels  to  determine  the  edges  of 
the  quantizing  bands.  When  the  DAC  is  used  in  the  decode 
mode  the  outputs  correspond  to  the  center  of  the  quantizing 
bands.  The  encode  mode  output  exceeds  the  decode  mode 
output  by  one-half  step.  See  AN  39  for  detailed  explanation. 

ENCODING  SEQUENCE 

An  encoding  sequence  begins  with  the  sign-bit  decision. 
During  this  time  the  comparatorfunctions  as  polarity  detector 
only.  The  Encode/Decode  ( E/D)  input  is  held  at  a  logic  "0".  In 
this  mode  current  flows  into  the  decode  outputs,  and  the 
comparator  is  effectively  disconnected  from  the  DAC.  Once 
the  input  polarity  has  been  determined,  the  E/D  input  toggles 
to  a  logic  "1"  allowing  current  to  flow  into  Ioe(+)  or  IoeH- 

For  positive  inputs,  current  flows  into  Ioe(+)  through  R1 ,  and 
the  comparator's  output  is  entered  as  the  answer  for  each 
successive  decision.  For  negative  inputs,  current  flows  into 
■oeM  through  R2  developing  a  negative  voltage  which  is 
compared  with  the  analog  input.  An  EXCLUSIVE-OR  gate 
inverts  the  comparator's  output  during  negative  trials  to 
maintain  the  proper  logic  coding,  all  ones  for  full-scale  and 
all  zeros  for  zero-scale. 

The  bits  are  converted  with  a  successive  removal  technique, 
starting  with  a  decision  at  the  code  011  1111  and  turning  off 
bits  sequentially  until  all  decisions  have  been  made. 


BASIC  DECODE  OPERATION 
(EXPANDING  D/A  CONVERSION) 

D/A  conversion  with  the  DAC-88  is  implemented  by  using  an 
operational  amplifier  connected  to  the  decode  outputs.  The 
decode  mode  of  operation  is  selected  by  applying  a  logic  "0" 
to  the  Encode/Decode  input.  This  mode  enables  the  Iod(+) 
or  Iod(-)  to  be  selected  by  the  sign-bit  input.  When  the  sign- 
bit  input  is  high,  a  logic  "1 ",  all  of  the  output  current  flows  into 
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ENCODE  TRANSFER  CHARACTERISTICS  DECODE  TRANSFER  CHARACTERISTIC 

(A/D  CONVERSION)  (D/A  CONVERSION) 
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Iod(+)  forcing  a  positive  voltage  at  the  operational  amplifier's 
output.  When  the  sign-bit  input  is  low,  logic  "0",  all  of  the 
output  current  flows  Into  Iod(~)  through  R2  forcing  a  negative 
voltage  output.  The  sign-bit  steers  current  into  loo(+)  or 
IodH.  the  output  will  therefore  always  be  symmetrical, 
limited  only  by  the  matching  of  R1  and  R2. 


NORMALIZED  TABLES 

The  encode  and  decode  tables  are  used  to  calculate  ideal 
output  current  at  any  point.  For  example,  In  decode  mode  at 
l3i7  (011  0111)  find  343.  343/8031  X  lFS  =  85.75<xA  (lFS  = 
2007.75M).  Alternatively,  use  the  condensed  current  tables 
and  add  up  the  number  of  steps. 


NORMALIZED  ENCODE  LEVEL  (SIGN  BIT  EXCLUDED)  (lc.s  =  2[2C  (S  + 17)  -16.5] 


C  =  chord  no.  (0  through  7) 
S  =  step  no.  (0  through  15) 


CHORD 

0 

1 

2 

3 

4 

5 

6 

7 

STEP 

000 

001 

010 

011 

100 

101 

110 

111 

0 

0000 

1 

35 

103 

239 

511 

1055 

2143 

4319 

1 

0001 

3 

39 

111 

255 

543 

1119 

2271 

4575 

2 

0010 

s 

43 

119 

271 

575 

1183 

2399 

4831 

3 

0011 

7 

47 

127 

287 

607 

1247 

2527 

5087 

4 

0100 

9 

51 

135 

303 

639 

1311 

2655 

5343 

S 

0101 

11 

SS 

143 

319 

671 

1375 

2783 

5599 

6 

0110 

13 

59 

151 

335 

703 

1439 

2911 

5855 

7 

0111 

15 

63 

159 

351 

735 

1503 

3039 

6111 

B 

1000 

17 

67 

167 

367 

767 

1567 

3167 

6367 

9 

1001 

19 

71 

175 

383 

799 

1631 

3295 

6623 

10 

1010 

21 

7S 

183 

399 

831 

1695 

3423 

6879 

11 

1011 

23 

79 

191 

415 

863 

1759 

3551 

7135 

12 

1100 

25 

S3 

189 

431 

895 

1823 

3679 

7391 

13 

1101 

27 

87 

207 

447 

927 

1887 

3807 

7647 

14 

1110 

29 

91 

215 

463 

959 

1951 

3935 

7903 

15 

1111 

31 

95 

223 

479 

991 

2015 

4063 

8159 

STEP  SIZE 

2 

4 

8 

16 

32 

64 

126 

256 

NORMALIZED  DECODE  OUTPUT  (SIGN  BIT  EXCLUDED)  (lc,s=2(2c(S+16.5)-16.5| 


C=chordno.  (0  through  7) 
S  =  step  no.  (0  through  15) 


CHORD 

0 

1 

2 

3 

4 

5 

6 

7 

STEP 

000 

001 

010 

011 

100 

101 

110 

111 

0 

0000 

0 

33 

99 

231 

495 

1023 

2079 

4291 

1 

0001 

2 

37 

107 

247 

527 

1087 

2207 

4447 

2 

0010 

4 

41 

115 

263 

559 

1151 

2335 

4703 

3 

0011 

6 

45 

123 

279 

591 

1215 

2463 

4959 

4 

0100 

8 

49 

131 

295 

623 

1279 

2591 

5215 

5 

0101 

10 

S3 

139 

311 

655 

1343 

2719 

5471 

6 

0110 

12 

57 

147 

327 

687 

1407 

2847 

5727 

7 

0111 

14 

61 

155 

343 

719 

1471 

2975 

5983 

6 

1000 

16 

65 

163 

359 

751 

1535 

3103 

6239 

9 

1001 

18 

69 

171 

375 

783 

1599 

3231 

6495 

10 

1010 

20 

73 

179 

391 

815 

1663 

3359 

6751 

11 

1011 

22 

77 

187 

407 

847 

1727 

3487 

7007 

12 

1100 

24 

81 

195 

423 

879 

1791 

3615 

7263 

13 

1101 

26 

85 

203 

439 

911 

1855 

3743 

7519 

14 

1110 

28 

89 

212 

455 

943 

1919 

3871 

7775 

15 

1111 

30 

93 

219 

471 

975 

1983 

3999 

8031 

STEP  SIZE 

2 

4 

8 

16 

32 

64 

128 

256 
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SYSTEM  TEST  CIRCUIT 


MULTIPLEXER 


MULTIPLEXER 


SAMPIE/KOLO 


REF- 
OV02 


V 


DIGITAL 
SWITCHING 
MATRIX 


HP-3551A 

ENCODE 

AUDIO  TEST 

TIMING/CTL 

ANALYZER 

CROSSTALK  -75(10 

IDLE  CHANNEL  NOISE  2UB*c 

(AVERAGE  CHANNEL  VALUE) 


NOTES: 

1. 1.£kHj  SAMPLING  CONDITIONS  A/D  CONVERSION  TIME 

Z  AUDIO  TEST  ANALYZER  CONTAINS  AC  MESSAGE  FILTER 
AND  3k Hi  FLAT  FILTER. 


HP-3S61A 
AUDIO  TEST 
ANALYZER 


3F 


ANALOG 
'CHANNELS 
OUT 


BASIC  REFERENCE  CONSIDERATIONS 

Full-scale  output  current  is  ideally  2007.75mA  when  the  refer- 
ence current  is  528pA  in  the  decode  mode.  In  the  encode 
mode  lFs=2039.75MAduetotheadditional  1/2  step  (32/jAI-  a 
percentage  change  in  Iref  will  produce  the  same  percentage 
change  in  output  current. 


The  large  step  size  at  full-scale  allows  the  use  of  inexpensive 
references  in  many  applications.  In  some  applications  VREF 
may  even  be  the  positive  power  supply .  For  example,  with  V+ 
=  15V, 

"ref  =  15V/528j»A  or  28.4kfi.  When  using  a  power 
supply  as  a  reference,  R1 1  becomes  two  resistors,  R1 1 A  and 
R11B,  and  the  junction  bypassed  to  ground  with  a  0.1 /if 
monolithic  capacitor. 


DECODE  OUTPUT  VOLTAGE 


WO 

SB 

B1 

B2  B3 

B4 

BS 

BB 

B7 

E„ 

POS  FULL-SCALE  0 

1 

1 

1 

1 

1 

1 

1 

1 

5.019V 

(+)  ZERO-SCALE  +1  STEP  0 

1 

0 

0 

0 

0 

0 

0 

1 

0.0012V 

(+l  ZERO-SCALE  0 

1 

0 

0 

0 

0 

0 

0 

0 

OV 

(-)  ZERO-SCALE  0 

0 

0 

0 

0 

0 

0 

0 

0 

ov 

(-)  ZERO-SCALE  +1  STEP  0 

0 

0 

0 

0 

0 

0 

0 

1 

-0.0012V 

NEQ  FULL-SCALE  0 

0 

1 

1 

i 

1 

1 

1 

1 

-5.019V 

BASIC  DECODE  CONNECTIONS 

DIGITAL  INPUTS 


0  c 

i  c 

>  < 

5  C 

p  c 

5  C 

>  ( 

> 

0 

8 

7 

6 

6 

4 

3 

2 

07  M  63  94   UB}(1  Mf/Dl 


rr  r 


-12V  .12V 
NOTE: 

THIS  CONFIGURATION  WILL  DECODE  24-CHANNELS. 


IDEAL  VALUES: 
IREF  -  528iiA 
IFS  "  Z0OT.7S.A 


REFERENCE  AMPLIFIER  OPERATION 

The  DAC-88  is  a  multiplying  D/A  converter.  The  output  cur- 
rent is  the  product  of  the  normalized  digital  input  and  the 
input  reference  current.  The  reference  current  may  be  fixed 
or  may  vary  from  nearly  zero  to + 1  .OmA.  The  full-scale  output 
current  Is  a  linear  function  of  the  reference  current  and  is 
given  for  all  four  outputs  in  the  figures  above. 

REFERENCE  RECOMMENDATIONS 

For  most  applications  a  +  10.0V  reference,  such  as  the  PMI 
REF-01 ,  Is  recommended  for  optimum  full-scale  temperature 
performance. 

POWER  SUPPLIES 

Power  supply  current  drain  Is  relatively  independent  of  vol- 
tage and  temperature  and  completely  independent  of  the 
logic  input  states. 

When  operating  with  V-  between  -15V  and  -11V,  output 
negative  voltage  compliance,  V0cH.  reference  Input  ampli- 
fier common-mode  voltage  range,  and  logic  input  negative 
voltage  range  are  reduced  by  an  amount  equivalent  to  the 
difference  between  -15V  and  the  V-  supply.  Operation  with 
V+  between  +5V  and  +15V  affects  VLc  and  the  reference 
amplifier  common-mode  positive  voltage  range  In  the  same 
manner. 
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DAC-88  COMDAC*  COMPANDING  LVA  CONVERTER 


STANDARD  OUTPUT  CONNECTIONS 


DtOITAL  WWTS 


,  COMPARATOR 


*  ^s.  cowvt 


TO  A/O 
CONVERSION 
IOGJC 


IVOCI-M  *  lVA»"ttl 


COMPLIANCE  EXTENSION  CONNECTIONS 


VW*1DV 


DIGITAL  INPUTS 


1S.M 
kit 
RftEF 


»>  W  H  M  iiwim  i/o\n  «  


u  .  .    .  Aim 

P¥r*  'ooVGi 
A"  4"  I" 

-isv  *isv  X 


EKTEHOED  RANGE  COMMECTION  ALLOWS 
VA"U«  <  VOCl-l/- 
MHCRE  *  ■  R2/M  *  RX 
VA  MUST  ORtVE  Rl  •  RZ 


OUTPUT  VOLTAGE  COMPLIANCE 

The  DAC-68  has  true  current  outputs  with  wide  voltage  com- 
pliance that  enables  single  ended  and  balanced  load  driving 


capability.  Positive  voltage  compliance  is + 18V  and  negative 
voltage  compliance  ls-5.0V  with  Iref=  S28«iA  and  V = -15V. 
Negative  voltage  compliance  VocH  for  other  values  of  Iref 
and  V-  may  be  obtained  from  the  table,  or  calculated  as 
follows: 

VocM  min  =  (V-)  +  (2  Iref  X  1.6ktl)  +  8.4V 

Output  voltage  compliance  can  be  extended  in  both  encode 
and  decode  modes  using  the  connections  shown  fn  the 
compliance  extension  diagram. 

NEGATIVE  OUTPUT  VOLTAGE  COMPLIANCE  Voc(-) 


V- 

1.0mA 

•re 
2.0mA 

4.0mA 

-12V 

-2.8V 

-2.0V 

-0.4V 

-15V 

-5.8V 

-5.0V 

-3.4V 

-18V 

-8.8V 

-8.0V 

-8.4V 

MINIMUM  NEGATIVE  COMPLIANCE 

VocH  MIN  ■=■  (V-)  +  (2  Iref  1.6kO)  +  8.4V 

SIGNAL  TO  QUANTIZING  DISTORTION  vt  INPUT  LEVEL 


.  C  MSQ  WTO 
.  3MU  FLAT 


-33  -20 

IKHJT  LEVEL  UBnOI 


APPLICATIONS 

PHOTODIODE  LINEARIZING  CIRCUIT 


SAft 
Q7  00 


sa  b? 

DAc-aa 


> 


CUT* 

cw- 
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DAC-89 

COMDAC®  COMPANDING 
D/A  CONVERTER  ("A"  LAW)-" 


FEATURES 

•  11-Bit  Accuracy  and  Resolution  Around  Zero 

•  Sign  Plus  66dB  Dynamic  Range 

•  True  Current  Outputs:  -5V  to  -i  18V  Compliance 

•  Tight  Full-Scale  Tolerance  Eliminates  Calibration 

•  Low  Full-Scale  Drift  Over  Temperature 

•  Low  Power  Consumption  and  Low  Cost 

•  Ideal  for  PCM  and  8-Bit  /iP  Applications 

•  Outputs  Multiplexed  for  Time  Shared  Applications 

•  Fully  Specified  Dice  Available 

GENERAL  DESCRIPTION 

The  DAC-89  monolithic  COMDAC®  converter  provides  the 
complete  decode  function  for  "A"  Law  PCM  CODECS.  The 
DAC-89  may  be  configured  in  an  encoder,  decoder,  or  time- 
shared  between  encoding  and  decoding. 

Specifying  chord  end-point  values  assures  accuracy  chord 
nonlinearity,  and  monotonicity  over  the  full  operating 
temperature  range.  For  companding  D/A  converters  with 
Bell  p-255  law  conformance,  refer  to  the  DAC-88  data  sheet. 
For  industrial,  process  control,  and  audio  applications,  see 
the  DAC-86  data  sheet. 


CCITT  "A"  LAW  CHARACTERISTIC 

The  DAC-89  output  is  an  approximation  to  the  CCITT  "A" 
law  which  can  be  expressed  as: 


COMDAC®  TRANSFER  CHARACTERISTIC 


1  +  In  AX 
-  1  +  In  A 


1/A<X<  1 


PIN  CONNECTIONS  &  ORDERING  INFORMATION 


ENCODE/DECODE  SELECT 
1  ■ ENCODE 
SIGN  BIT  INPUT 
1  POSITIVE 
MOST  SIGNIFICANT  CHORD  , — 
HIT  INPUT  LL 
SECOND  CHORD  UIT  INPUT  [T 

n 

LI 

SECOND  STEP  BIT  INPUT  (T 
THIRD  STEP  BIT  INPUT  [T 


LEAST  SIGNIFICANT  STEP 
□IT  INPUT 


Tt]  POSITIVE  POWER  SUPPLV 

i  '  DECODE  OUT  E/DSB-00 

"lfl|  DECODE  OUT:  E/OSB  -  (11 

It]  ENCODE  OUT:  E/D  SB  -  10 

IS]  ENCODE  OUT  E/O  SU  -  11 

ill  NEGATIVE  P01VER  SUPPLV 

7J1  NEGATIVE  REFERENCE 
INPUT 

TT1  POSITIVE  REFERENCE 
— ■  INPUT 

LOGIC  THRESHOLD 
—  CONTROL 


TOP  VIEW 
18-PIN  HERMETIC  DUAL-IN-LINE 
(X-Suffix) 

GRADE         TEMP  RANGE  ACCURACY 

DAC-89EXt      -25°C/+85°C        ±1/4  step 
f  Burn-in  is  available  on  commercial  and  industrial  temperature  range 
parts  in  cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering 
information,  sec  1966  Data  Book.  Section  2. 


x  ooo  oooo 

DIGITAL  INPUT 


AX 


0<X<1/A  where: 


1  +  In  A 

X  =  Normalized  input  signal  level  of  the  compressor 
(encoder),  V|N/VFS. 

Y  =  Output  signal  level  of  the  compressor  (encoder). 

A  =  87.6 

The  DAC-89  implements  this  law  with  an  eight  chord  (or 
segment)  piecewise  linear  approximation  for  each  polarity 
with  sixteen  linear  steps  in  each  chord.  The  first  two  chords 
are  co-linear  and  of  equal  step  size,  and  may  be  considered 
as  one  chord  of  32  steps.  Step  sizes  of  the  remaining  six 
chords  are  binarily  related  to  the  first  chord. 

EQUIVALENT  CIRCUIT 


STEP  CHOFMJ 
INPUT 5  INPUTS 

ut  lie  &s  iw     03  B?  ill         ss  tip 


i  ENCODE 

 1  I  POSITIVE  I.C  

RnEHT  OUTPUT  DAC  — — — O'^N^CMIVE ^  DECODE 


t/3 

a: 

UJ 

> 
2 
O 
U 

O 

o 

< 
2 
< 

6 

H 

u 

Q 
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DAC-89  COMDAC*  COMPANDING  D/A  CONVERTER 


ABSOLUTE  MAXIMUM  RATINGS 

V+ Supply  to  V- Supply   36V 

VLC  Swing   V-  plus  8V  to  V+ 

Analog  Current  Outputs   V-  plus  8V  to  V-  plus  36V 

Reference  Inputs   V-  to  V+ 

Reference  Input  Differential  Voltage   ±18V 

Reference  Input  Current    1.25mA 

Logic  Inputs   V-  plus  8V  to  V-  plus  36V 


Operating  Temperature  Range   -25°  C  to  +85°C 

Storage  Temperature  Range   -65°  C  to + 150°  C 

Power  Dissipation    500mW 

Derate  Above  100°  C   10mW/°C 

Lead  Temperature  (Soldering,  60  sec)   300°  C 


NOTE:  Absolute  ratings  apply  to  both  DICE  and  packaged  parts  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  VS=±15V.  lBEF=5l2/iA,-25°C<TA<+85°C.all4outputs,  unless  otherwise  noted. 
In  a  companding  DAC  the  term  LSB  is  not  used  because  the  step  size  within  each  chord  is  different.  For  example,  in  the  first 
chord  around  zero  (Co)  step  size  is  1.0jiA,  while  in  the  last  chord  near  full-scale  (C7)  step  size  is  64uA. 


DAC-89E 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Resolution 

8  chords  with  16  steps  each 

±128 

±128 

±128 

Steps 

Dynamic  Range 

20 1°9  (WW 

66 

66 

dB 

Monotonlcity 

Sign  Bit  +  or  - 

128 

Steps 

Chord  End-Point  Accuracy 

Error  relative  to  Ideal  values 

±1/4 

Step 

Chord  Zero 

atlFS  =  2016(iA 

Chord  End-Point  Accuracy 
All  Chords  Other  Than  Zero 

Error  relative  to  Ideal  values 
atlfs  =  2016jiA 

±1/2 

Step 

Step  Accuracy 
Chord  Zero 

Error  relative  to  Ideal  values 
at  lFS  =  2016mA 

±1/4 

Step 

Step  Accuracy 
All  Chords  Other  Than  Zero 

Error  relative  to  Ideal  values 
atlFs=20ie,iA 

±1/2 

Step 

Encode  Decision  Level  Current 

Additional  output 
Encode/Decode  =  1 

1/4 

1/2 

3/4 

Step 

Settling  Time  [Note  1)  tj  To  within  ±1/2  step  —       500        —  ns 


Full-Scale  Drift  (Note  31 

Fu!l  temperature  range 

±1/20 

±1/4 

Step 

Output  Voltage  Compliance 

Voc 

Full-scale  current  change 
Si/2  step 

-5 

+18 

Volts 

Full-Scale  Current  Deviation 

Ifs<D> 

VREF  10.000V  TA°  25' C 

±1/2 

Step 

from  Ideal  (See  Tables)  (Note  2) 

WE) 

F11  =  19.53kf),  R12  =  20kn 

±1/2 

Step 

Full-Scale  Symmetry  Error 
I  Note  2) 

i0(+)  •  'o(-) 

Decode  or  Encode  pair 

±1/40 

±1/8 

Step 

Zero-Scale  Current 
(Note  2) 

■zs 

Measured  at  selected  output 
with  000  0000  input 

1/4 

1/2 

3/4 

Step 

Disable  Current  (Note  2) 

'ois 

Disabled  by  E/D  and  SB 

5.0 

100 

nA 

Idle  Current  (Note  2) 

1, 

10 

nA 

Output  Current  Range 

'fsr 

VREf=  25.000V  TA=  25"  C 

4.2 

2.0 

0 

mA 

Logic  Input  Levels,  Logic  "0" 

VlL 

VLC=0V 

0.8 

Volts 

Logic  Input  Levels,  Logic  "1" 

V,H 

VLC  =  0V 

2.0 

Volts 

Logic  Input  Current 

'in 

V,N  =  -SVto  +  18V 

120 

*A 

Logic  Input  Swing 

v,s 

V-  =  -15V 

-5 

+  18 

Volts 

Reference  Bias  Current 

>I2 

-3 

-12 

^A 

Reference  Input  Slew  Rate 

dl/dt 

0.25 

mA/ps 

Power  Supply  Sensitivity  Over 
Supply  Range  (Refer  to 
Characteristic  Curves) 

PSSIFS4. 
PSSIFS- 

V+  =  4.5V  to  18V,  V-  «  -15V 
V-  =  -10.8V  to  -18V.  V+  =  15V 

±1/20 
±1/10 

±1/2 
±1/2 

Step 

NOTES: 

1 .  Settling  time  varies  for  each  ol  the  chord  bits  and  step  bits  and  a  maximum 
specification  may  bo  misleading.  In  decode  operation,  the  DAC-89  and 
OP-16  combination  witl  decode  8  channels.  In  the  encode  mode,  the 
DAC-89  and  CMP-01  combination  will  encode  8  channels.  Both  encode 
and  decode  statements  assume  a  3.9jis  channel  time. 


2.  Current  specifications  relate  to  differential  currents  between  (+)  and  (-) 
output  leads.  At  the  selected  outputs,  equal  Idle  currents  are  present 
simultaneously  on  both  current  output  leads. 

3.  Guaranteed  by  design. 
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DAC-89  COMDAC"  COMPANDING  D/A  CONVERTER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  lREF  =  512^A,-25°  C<TA<  +  85°  Call  4  outputs,  unless  otherwise  noted. 
In  a  companding  DAC  the  term  LSB  is  not  used  because  the  step  size  within  each  chord  is  different.  For  example,  in  the  first 
chord  around  zero  (C0)  step  size  is  1.0/uA,  while  in  the  last  chord  near  full-scale  (C7)  step  size  is  64/iA.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

□  AC-89E 
MIN  TYP 

MAX 

UNITS 

l  + 

Vs  =  +5V,  -15V,  lFS=  2.0mA 

—  2.7 

5.5 

Power  Supply  Current 

I- 

Vs=  +5V. -15V,  lFS  =  2.0mA 

-  -6.7 

-12 

mA 

l  + 

Vs=  i15V.  IFS=  2.0mA 

—  2.7 

5.5 

I- 

Vs=  ±15V,  lFS=  2.0mA 

-  -6.7 

-12 

Power  Dissipation 

VS  =  +5V.-15V.  lFS  =  2.0mA 
Vs=  ±15V.  lFS=2.0mA 

—  114 

—  141 

207 
262 

mW 

DICE  CHARACTERISTICS 


□  IE  SIZE  0,123  x  0.085  Inch,  10.455  iq.  mils 
(3.124  x  2,159  mm,  6.745  sq.  mm) 


1.  E/D 

10,  VLC 

2.  SIGN-BIT 

11-  Vr(+> 

3,  BIT  1  (MSB) 

12.  vn  H 

4.  BIT  2 

13.  V- 

5.  BIT  3 

14.  I0E<+) 

6.  BIT  4 

15.  loe(-) 

7.  BIT  5 

«.  IOO  (+) 

8.  BIT  5 

9.  BIT  7  (LSB) 

18.  V+ 

For  additional  DICE  ordering  IrtlorrnaLlqn,  I 
10  1986  Data  Book.  Section  2. 


<~r> 

> 

2 

o 
u 

u 
o 

—I 

< 

2 

< 
6 

H 

3 
5 


WAFER  TEST  LIMITS  at  Vs  =  ±15V,  lREF  =  512/jA,  Ta=  25" C.  all  4  outputs,  unless  otherwise  noted. 


DAC-89N 
(NOTE  3) 


PARAMETER 


CONDITIONS 


Resolution 


8  chords  with  16  steps  each 


Dynamic  Range 


20  log  1 17  ,5/l0 


Steps  MIN 


dB  MIN 


Monotomcity 


Sign-Bit  r  or  - 


Steps  MIN 
Step  MAX 

Step  MAX 


Chord  End-point  Accuracy 
Chord  Zero 


Error  relative  to  ideal  values 
at  lfs=  2007.75mA 


Chord  End-point  Accuracy 
All  Chords  Other  Than  Zero 


Error  relative  to  ideal  values 
at  lF5=  2007.75(iA 


Encode  Decision  Level 
Current 


Additional  output 

encode/decode  =  1 


Output  Voltage  Compliance 


Full-Scale  Symmetry  Error 
iNote  2 


Full-scale  current  change 
<  1/2  step 

Decode  or  encode  pair 
Input  Code  111  1111 


3/4 
-5 


Zero-Scale  Current  Note  2 


Measured  at  selected  output 
000  0000  input 


Disable  Current  All  bits  high) 
iNote2l 


Leakage  ol  output  disabled 
by  E/D  and  SB 


Step  MIN 
Step  MAX 


Volts  MIN 
Volts  MAX 


Step  MAX 


Step  Max 
nA  MAX 
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WAFER  TEST  LIMITS  at  Vs  = 


-Jpj^PAC'89  C0MDAC*  COMPANDING  D/A  CONVERTER  

±15V,  lREF  =  512fjA,  Ta  =  25°C,  all  4  outputs,  unless  otherwise  noted.  (Continued) 


DAC-89N 
(NOTE  3) 


PARAMETER 

SYMBOL 

CONDITIONS 

UMIT 

UNITS 

Step  Accuracy 
Chord  Zero 

Error  relative  to  IdeBl  values 
at  lFS  =  2007.75pA 

±1/4 

Step  MAX 

Step  Accuracy 

Error  relative  to  ideal  values 

±1/2 

Step  MAX 

All  Chords  Other  Than  Zero 

at  lFS  =  2016>iA 

Output  Current  Range 

VREF  =  25.000V.  TA  =  25°  C 

4.2 

mAMIN 

Logic  (nput  Levels,  Logic  "0" 

V,L 

VLC  =  0V 

0.8 

Volts  MAX 

Logic  Input  Levels,  Logic  "1" 

V|H 

VLC  =  0V 

2 

Volts  MIN 

Logic  Input  Current 

l|N 

V,N  =  -5Vto+18V 

120 

fiAMAX 

Logic  Input  Swing 

v,s 

V-  =  -15V 

-5 
+  18 

Volts  MIN 
Volts  MAX 

Reference  Bias  Current 

■u 

-12 

fiA  MAX 

Power  Supply  Sensitivity  Over 
Supply  Range  (Refer  to 
Characteristic  Curves* 

PSSIps- 
PSSIFS_ 

yt  —  4.ov  io  lov 
V-  =  10.8V  to -18V 

+1/2 
±1/2 

Qton  MAY 

Car  WAV 

otep  MAX 

Power  Supply  Current 

1+ 
1- 

VS=±15V.  IFS  =  2.0mA 

S.S 
-12.0 

mAMAX 

1+ 

1- 

5.75 
-12.0 

VS=±15V.  lFS  =  2.0mA 

mA  MAX 

Full-Scale  Current  Deviation 

VREF  10.000V.  TA  =  25"  C 

±1/2 

Step  MAX 

From  Ideal  Deviation 
(See  TabfesnNote  2j 

IfsE 

R11  =  1B.53KI1 
R12  -  20kll 

±1/2 

Step  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  afl 

ler  packaging  is  not 

guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs = ±  15V,  and  TA  = 

25°  C,  unless  otherwise  noted. 

DAC-89N 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

UNITS 

Settling  Time  (Note  1) 

•s 

To  within  ±1/2  step 

500 

ns 

Settling  Time  In  Chord  Zero 

Tsco 

To  within  ±1/2  step 

500 

ns 

Full-Scale  Drift  (C7) 

AIfs 

Full  temperature  range 

±1/20 

Step 

Reference  Input  Slew  Rate 

dl/dt 

0.25 

mA/(j$ 

Power  Dissipation 

Po 

VS+5V,-15V 

114 

mW 

Po 

V8  =  ±15V 

141 

mW 

Idle  Current  (Note  21 

•i 

10 

»A 

NOTES: 

1.  In  a  companding  DAC  the  term  LSB  Is  not  used  because  the  step  size 
within  each  chord  is  different.  For  example.  In  the  first  chord  around  zero 
(Co)step  size  isOJfiA  while  In  the  last  chord  near  full-scale<Cr)  step  size 
is  64jiA.  Settling  time  varies  for  each  of  the  chord  bits  and  step  bits  and  a 
maximum  specification  is  misleading. 

2.  Current  specifications  relate  to  differential  currents  between  (+l  and  (-) 
output  leads.  At  the  selected  outputs,  equal  Idle  currents  are  present 
simultaneously  on  both  current  output  leads. 

3.  See  DAC-8BE  for  typical  values. 
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OAC-89  COMDAC*  COMPANDING  D/A  CONVERTER 


OUTPUT  CURRENT  DC  TEST  CIRCUIT 


DIGITAL  INPUTS 


;<?  ?.?,?,?.?.?,?,?,?, 

WrefI  f"  loewXis 
  vR(.)     DEV|CE  ioe(-)V- 

 12 

B12  < 

2ovn  5 


ioo(-i/ 
v-     v»  Vu 


4"    i"  ±™ 

-1BV  +t5V 
Rl  ■  R2  -  R3-  R4  -  2.6kii 


■VBEfISAOJUSTEO  BEFORE  TESTING  EACH  DEVICE 
TO  PROVIDE  IDEAL  FULL-SCALE  OUTPUT  CURRENT.  ? 


LINE  SELECTION  TABLE 

TEST 
GROUP 

ENCODE/ 
DECODE 

SIGN 
BIT 

OUTPUT 
MEASUREMENT 

1 

1 

1 

lOE<+) 

(Eoi/RD 

2 

1 

0 

IoeH 

(E01/R2) 

3 

0 

1 

IOD<+) 

(E02/R3) 

4 

0 

0 

Iod(-) 

(E02/R4) 

NOTE:  Accuracy  Is  specified  In  the  test  circuit  using  the  tables  below  to  be 
within  the  specified  proportion  of  a  step  at  the  maximum  value  In  each  chord. 
Monotonlclty  is  guaranteed  tor  all  input  codes. 


CONDENSED  CURRENT  OUTPUT  TABLES 


IDEAL  DECODE  OUTPUT  CURRENT  IN  MICROAMPS  AT  CHORD  ENDPOINTS 

CHORD 

0 

1 

2 

3 

4 

5 

6 

7 

STEP 

000 

001 

010 

011 

100 

101 

110 

111 

0 

0000 

0.5 

16.5 

33 

66 

132 

264 

528 

1056 

IS 

1111 

15.S 

31.5 

63 

126 

252 

504 

1008 

2016 

STEPSIZE  1  1  2  4  8  16  32  64 


IDEAL  ENCODE  OUTPUT  CURRENT  IN  MICROAMPS  AT  CHORD  ENDPOINTS 


-^^^  CHORD 

0 

1 

2 

3 

4 

5 

6 

7 

STEP 

000 

001 

010 

011 

100 

101 

110 

111 

0  0000 

1 

17 

34 

68 

136 

272 

544 

1088 

15  1111 

16 

32 

64 

128 

256 

512 

1024 

2048 

STEP  SIZE 

1 

1 

2 

4 

8 

16 

32 

64 

NOTE: 

These  tables  may  be  extended  to  include  all  of  the  encode/decode  currents 
(Ideal  with  Irep=  512pA)  by  multiplying  any  of  the  numbers  in  the  normalized 
tables  by  O^^A. 

PARAMETER  DEFINITIONS 
STEP  NONLINEARITY 

Step  size  deviation  from  ideal  within  a  chord. 

ENCODE  CURRENT 

The  difference  between  Ioe(+)  and  'oo(+)  or  the  difference 
between  IoeH  and  'odH  at  any  code. 

FULL-SCALE  DRIFT 

The  change  in  output  current  over  the  full  operating 
temperature  with  VREF  =  10.000V,  R11  =  19.53kn,  and 
R12  =  20kn. 

FULL-SCALE  SYMMETRY  ERROR 

The  difference  between  IodH  and  Iod(+)  or  the  difference 
between  IoeH  and  Ioe(+)  at  full-scale  output. 


IDEAL  OUTPUT  CURRENT 

The  difference  between  the  (+)  and  (-)  currents  (encode  or 
decode)  at  any  code. 

OUTPUT  VOLTAGE  COMPLIANCE 

The  maximum  output  voltage  swing  at  any  current  level 
which  causes  <  1/2  step  change  in  output  current. 

CHORDS 

Groups  of  linearly-related  steps  in  the  transfer  function.  Also 
known  as  segments. 

CHORD  ENDPOINTS 

The  maximum  code  in  each  chord;  used  to  specify  accuracy. 
STEPS 

Increments  in  each  chord  which  divides  the  chord  into  16 
equal  levels. 
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DAC-89  COMDACO  COMPANDING  D/A  CONVERTER 


OUTPUT  LEVEL  NOTATION 

Each  output  current  level  may  be  designated  by  the  code  Ic.s 
where  C  =  chord  number  and  S  =  step  number.  For  example, 
lo.o  =  zero-scale  current:  I0.1  =  first  step  from  zero;  lo.w  = 
endpoint  of  first  chord  (Co);  17,1s  -  full-scale  current. 

DYNAMIC  RANGE 

Ratio  of  full-scale  current  to  step  size  in  chord  zero  expressed 
in  dB. 

BASIC  ENCODE  OPERATION 
(COMPRESSING  A/D  CONVERSION) 

ENCODING  SEQUENCE 

An  encoding  sequence  begins  with  the  sign-bit  decision. 
During  this  time  the  comparator  functions  as  a  polarity  detec- 
tor only.  The  Encode/Decode  ( E/D )  input  is  held  at  logic  "0". 
In  this  mode  current  flows  into  the  decode  outputs,  and  the 
comparator  is  effectively  disconnected  from  the  DAC.  Once 
the  input  polarity  has  been  determined,  the  E/D  input  toggles 
"1"  allowing  current  to  flow  into  Ioe(+)  or  'oeH- 


BASIC  DECODE  CONNECTIONS 


(GROUND  FOR 

SINGLE-ENDED 

INPUTS] 


■5V  ANALOG  INPUT 

9  * 


R2 


For  positive  inputs,  current  flows  into  Ioe(+)  through  R1 ,  and 
the  comparator's  output  is  entered  as  the  answer  for  each 
successive  decision.  For  negative  inputs,  current  flows  into 
Ioe(_)  through  R2  developing  a  negative  voltage  which  is 
compared  with  the  analog  input.  An  EXCLUSIVE-OR  gate 
inverts  the  comparator's  output  during  negative  trials  to 
maintain  the  proper  logic  coding,  all  ones  for  full-scale  and 
all  zeros  for  zero-scale. 

The  bits  are  converted  with  a  successive  removal  technique 
starting  with  a  decision  at  the  code  011 1 1 1 1  and  sequentially 
turning  off  bits  until  all  decisions  have  been  made. 

ENCODE  DECISION  LEVELS 

Compressing  A/D  conversion  with  the  DAC-89  requires  a 
comparator,  an  EXCLUSIVE-OR  gate,  and  a  successive 
approximation  register  —  the  usual  elements  in  any  sign- 
magnitude  A/D  converter.  However,  a  compressing  A/D  has 
one  significant  difference.  In  a  conventional  (linear)  conver- 
ter, the  step  size  is  a  constant  percentage  of  full  scale,  but  in  a 
compressing  A/D  converter,  the  step  size  increases  as  the 
output  changes  from  zero-scale  to  full-scale. 

When  the  DAC  is  used  in  the  feedback  loop  of  a  successive 
approximation  analog  to  digital  converter  (ADC),  the  DAC 
outputs  are  used  as  decision  levels  to  determine  the  edges  of 
the  quantizing  bands.  When  the  DAC  is  used  in  the  decode 
mode  the  outputs  correspond  to  the  center  of  the  quantizing 
bands.  The  encode  mode  output  exceeds  the  decode  mode 
output  by  one-half  step.  See  AN  39  for  detailed  explanation. 


ENCODE  TRANSFER  CHARACTERISTIC 
(A/D  CONVERSION) 


ANALOG 
INPUT  (-1  ' 
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DAC-89  COMDAC*  COMPANDING  D/A  CONVERTER 


NORMALIZED  ENCODE  DECISION  LEVELS  (SIGN-BIT  EXCLUDED) 


NORMALIZED  ENCODE  DECISION 


CHORD 

0 

1 

2 

3 

4 

5 

6 

7 

STEP 

000 

001 

010 

011 

100 

101 

110 

111 

0 

0000 

2 

34 

68 

136 

272 

S44 

1088 

2176 

I 

0001 

4 

36 

72 

144 

288 

576 

1152 

2304 

2 

0010 

6 

38 

76 

152 

304 

603 

1216 

2432 

3 

0011 

8 

40 

B0 

160 

320 

640 

1280 

2560 

4 

0100 

10 

42 

84 

168 

336 

672 

1344 

2688 

S 

0101 

12 

44 

88 

176 

352 

704 

1408 

2816 

6 

0110 

14 

46 

92 

1S4 

368 

736 

1472 

2944 

7 

0111 

16 

48 

96 

192 

384 

768 

1536 

3072 

8 

1000 

18 

50 

100 

200 

400 

800 

1600 

3200 

9 

1001 

20 

52 

104 

208 

416 

832 

1664 

3328 

10 

1010 

22 

54 

108 

216 

432 

864 

1728 

3456 

11 

1011 

24 

56 

112 

224 

448 

896 

1792 

3584 

12 

1100 

26 

58 

116 

232 

464 

928 

1856 

3712 

13 

1101 

28 

60 

120 

240 

480 

960 

1920 

3840 

14 

1110 

30 

62 

124 

248 

486 

992 

1984 

3968 

15 

1111 

32 

64 

128 

256 

512 

1024 

2048 

•4096 

STEP  SIZE 

2 

2 

4 

8 

16 

32 

64 

128 

'Virtual  Decision  Level 

BASIC  DECODE  OPERATION 
(EXPANDING  D/A  CONVERSION) 

D/A  conversion  with  the  DAC-89  is  implemented  by  using  an 
operational  amplifier  connected  to  the  decode  outputs.  The 
decode  mode  of  operation  is  selected  by  applying  a  logic  "0" 
to  the  Encode/Decode  input.  This  mode  enables  the  loo 
outputs,  disables  the  loEOutputs,  and  allows  Iod(+)  or  loot-) 
to  be  selected  by  the  sign-bit  input.  When  the  sign-bit  input  is 
high,  logic  "1",  the  output  current  flows  into  Iod(+)  forcing  a 
positive  voltage  at  the  operational  amplifier's  output.  When 
the  sign-bit  input  is  low,  logic  "0",  the  output  current  flows 
into  IodM  through  R2  forcing  a  negative  voltage  output.  The 
sign-bit  steers  current  into  Iod(+)  or  IodH.  the  output  will 
therefore  always  be  symmetrical,  limited  only  by  the  match- 
ing of  R1  and  R2. 


NORMALIZED  TABLES 

The  encode  and  decode  tables  are  used  to  calculate  ideal 
output  current  at  any  code  point.  For  example,  in  decode 
mode  at  l3>7  (011  0111 )  find  188. 188/4032  times  lFSof  2016pA 
equals  94juA. 


E/D  SB  B1 

B2 

B3 

B4 

B5 

B8 

B7 

Eo 

POS  FULL-SCALE 

0 

1 

1 

1 

1 

1 

1 

1 

1 

5.040V 

(+)  ZERO-SCALE  + 1  STEP 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0.0012V 

(+)  ZERO-SCALE 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0.004V 

(-1  ZERO-SCALE 

.0 

0 

0 

0 

0 

0 

0 

0 

0 

0.004V 

(-)  ZERO-SCALE  +1  STEP 

0 

0 

0 

0 

0 

0 

0 

0 

1 

-0.0012V 

NEG  FULL-SCALE 

0 

0 

i 

1 

1 

1 

1 

1 

1 

-5.040V 

1/0 

Pi 


O 
U 

O 

o 

-I 

i 

< 

i 

o 

H 

i 

i 

o 

t— I 

Q 


DECODE  TRANSFER  CHARACTERISTIC 
BASIC  DECODE  CONNECTIONS  (D/A  CONVERSION) 


ANALOG 


ANALOG 
OUTPUT (-> 


11-75 


7/87,  Rev.  A1 


DAC-80  COMDAC*  COMPANDING  D/A  CONVERTER 


NORMALIZED  DECODE  OUTPUT  (SIGN-BIT  EXCLUDED) 


NORMALIZED  DECODE  OUTPUT 

CHORD 

0 

1 

2 

3 

4 

S 

6 

7 

STEP 

000 

001 

010 

011 

100 

101 

110 

111 

0 

0000 

1 

33 

68 

132 

264 

528 

10S6 

2112 

1 

0001 

3 

35 

70 

140 

260 

560 

1120 

2240 

2 

0010 

s 

37 

74 

148 

208 

592 

1184 

2368 

3 

0011 

7 

39 

78 

158 

312 

624 

1248 

2496 

4 

0100 

9 

41 

82 

164 

328 

656 

1312 

2624 

5 

0101 

11 

43 

66 

172 

344 

636 

1376 

2752 

6 

0110 

13 

45 

90 

160 

360 

720 

1440 

2880 

7 

0111 

IS 

47 

94 

188 

376 

752 

1504 

3008 

a 

1000 

17 

49 

98 

186 

392 

784 

1568 

3138 

9 

1001 

19 

51 

102 

204 

408 

816 

1632 

3264 

10 

1010 

21 

S3 

106 

212 

424 

848 

1696 

3392 

11 

1011 

23 

SS 

110 

220 

440 

880 

1760 

3520 

12 

1100 

25 

S7 

114 

228 

456 

912 

1824 

3648 

13 

1101 

27 

S9 

118 

236 

472 

944 

1688 

3776 

14 

1110 

29 

61 

122 

244 

468 

976 

19S2 

3904 

15 

1111 

31 

63 

128 

252 

504 

1008 

2016 

4032 

STEP  SIZE 

2 

2 

4 

6 

16 

32 

64 

128 

BASIC  REFERENCE  CONSIDERATIONS 

Full-scale  output  current  is  Ideally  2016mA  when  the  reference 
current  is  512pA  in  the  decode  mode.  In  the  encode  mode  I  fs 
=  2048/xA  due  to  the  additional  one-half  step  (32»iA).  A  per- 
centage change  in  Iref  caused  by  changes  in  VRgp  or  Rref 
will  produce  the  same  percentage  change  in  output  current. 

The  large  step  size  at  full  scale  allows  the  use  of  inexpensive 
references  in  many  applications.  In  some  applications  VpEpmay 
even  be  the  positive  power  supply.  For  example,  with  V+  = 
15V,  Rref=  15V/512ftAor29.3kn.  When  using  apower  supply 
asa  reference,  R11  should  be  two  resistors,  R11A  and  R11B, 
and  the  junction  bypassed  to  ground  to  provide  decoupling. 

OUTPUT  VOLTAGE  COMPLIANCE 

The  DAC-89  has  true  current  outputs  with  wide  voltage  com- 
pliance that  enables  single  ended  and  balanced  load  driving 
capability .  Positive  voltage  compliance  Is + 18V  and  negative 
voltage  compliance  is -5.0V  with  Iref  =  512/xA  and  V = -15V. 
Negative  voltage  compliance  V0cH  lor  other  values  of  Iref 
and  V-  may  be  obtained  from  the  table,  or  calculated  as 
follows: 

Voc(-)  mln  =  (V-)  +  (2  Iref  X  1.6kO)  +  8.4V 


Output  voltage  compliance  can  be  extended  in  both  encode 
and  decode  modes  using  the  output  compliance  extension 
connections.  (Figures  1  and  2). 

NEGATIVE  OUTPUT  VOLTAGE  COMPLIANCE  VocH 


V- 

1.0mA 

Ira 

2.0  mA 

4.0mA 

-12V 

-2.8V 

-2.0V 

-0.4V 

-16V 

-6.8V 

-5.0V 

-3.4V 

-18V 

-8.8V 

-8.0V 

-6.4V 

MINIMUM  NEGATIVE  COMPLIANCE 

V0CH  MIN  =  (V-)  +  (2  Iref  1 .6101)  +  8.4V 


IDLE  OUTPUT  CURRENT 

In  the  selected  output  state  (encode  or  decode),  equivalent 
idle  currents  are  present  on  the  (+)  and  (-)  output  leads.  The 
output  will  be  symmetrical  with  theexternal  resistor  matching 
determining  the  overall  system  accuracy. 
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OUTPUT  COMPLIANCE  EXTENSION  CONNECTIONS 
STANDARD  ENCODE/DECODE  CONNECTIONS 


Flgunl 


EXTENDED  RANGE  CONNECTIONS 


TO  A/O 
CONVERSION 
LOGIC 


Flgura  2 


-15V  +16V 

EXTENDED  RANGE  CONNECTION  ALLOWS 
VAmo  i  Vod-Mi 
WHERE  o  -  R2/R1  «  R2 
V«  MUST  DRIVE  R1  «  H2 


IDEAL  DECODE  OUTPUT  CURRENT  IN  MICR0AMP8  (8ION-BIT  EXCLUDED) 


IDEAL  DECODE  OUTPUT 

CHORD 

0 

1 

2 

3 

4 

S 

6 

7 

STEP 

000 

001 

010 

011 

100 

101 

110 

111 

0 

0000 

0.5 

1&5 

33 

66 

132 

264 

528 

1056 

1 

0001 

1.5 

17.5 

35 

70 

140 

280 

560 

1120 

2 

0010 

2.5 

^9JS 

37 

74 

146 

286 

592 

1164 

3 

0011 

35 

19.5 

39 

76 

156 

312 

624 

1248 

4 

0100 

AS 

20.5 

41 

62 

164 

328 

6S6 

1312 

S 

0101 

SS 

21.5 

43 

86 

172 

344 

668 

1376 

e 

0110 

6.5 

22.5 

45 

90 

160 

360 

720 

1440 

7 

0111 

7.5 

23.5 

47 

94 

168 

376 

752 

1504 

8 

1000 

as 

24.5 

49 

98 

196 

392 

784 

1568 

e 

1001 

9.5 

25.5 

SI 

102 

204 

408 

616 

1632 

10 

1010 

10.S 

26.5 

S3 

108 

212 

424 

848 

1696 

11 

1011 

11.5 

27.5 

55 

100 

220 

440 

860 

1760 

12 

1100 

12.S 

28.S 

57 

114 

228 

456 

912 

1824 

13 

1101 

13.5 

295 

59 

118 

236 

472 

944 

1888 

14 

1110 

UJS 

30.5 

61 

122 

244 

488 

976 

1952 

15 

1111 

^SJS 

31.5 

63 

126 

252 

504 

1008 

2016 

STEP  SIZE 

1 

1 

2 

4 

8 

16 

32 

64 
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Precision  Alonolithics  Jnc. 


FEATURES 

•  Fast  Settling  22Snsec  (8  Bits),  375nsec  (10  Bits) 

•  Stable   Tempcosto±1Sppm/°CMax 

•  Commercial,  Industrial  and  Military  Models  Available 

•  TTL  Compatible  Logic  Inputs 

•  Wide  Supply  Range    ±6Vto±18V 

GENERAL  DESCRIPTION 

TheDAC-100  is  a  complete  10-blt  resolution  digital-to-analog 
converter  constructed  on  two  monolithic  chips  in  a  single 
16-pin  DIP.  Featuring  excellent  linearity  vs.  temperature 
performance,  the  DAC-100  includes  a  low  tempco  voltage 
reference,  ten  current  source/switches  and  a  high  stability 
thin-film  R-2R  ladder  network.  Maximum  application  flexi- 
bility is  provided  by  the  fast  current  output,  matched  bipolar 
offset  and  feedback  resistors.  Resistors  are  included  for  use 
with  an  external  op  amp  for  voltage  output  applications. 

Although  all  units  have  10-bit  resolution,  a  wide  choice  of 
linearity  and  temperature  coefficient  options  are  provided  to 
allow  price/performance  optimization. 


DAC-100 

10-BIT  CURRENT-OUTPUT 
D/A  CONVERTER 


The  small  size,  wide  operating  temperature  range,  and  high 
reliability  construction  make  the  DAC-100  ideal  for  aerospace 
applications.  Other  applications  include  use  in  servo- 
positioning  systems,  X-Y  plotters,  CRT  displays,  program- 
mable power  supplies,  analog  meter  movement  drivers, 
waveform  generators  and  high  speed  analog-to-digital 
converters. 

PIN  CONNECTIONS 


Re  fT 

ID  »S 

v-E 

|TJ  FULL  SCALE  ADJ. 

OUTPUT  fT 

17J  V* 

LS8  [T 

u]  MSB 

BIT  9  [7 

«]  BIT  2 

BIT  8  [7 

Jl]  BIT  3 

BIT  J  (T 

to]  BIT  4 

BIT  6  fT 

TJ  BITS 

18-PIN  HERMETIC 
DUAL-IN-LINE 
PACKAGE 
(Q-Suffix) 


ORDERING  INFORMATION! 


N.L.* 

TEMPCO* 

%FS 

ppm/°C 

MILITARY  TEMPERATURE 

INDUSTRIAL  TEMPERATURE 

COMMERCIAL  TEMPERATURE 

MAX 

MAX 

V0  =  ±SV/10V 

V0  =  ±2.SV/SV 

V0  =  ±5V/10V 

V0  =  ±2.5V/SV 

V0  =  ±5V/10V 

V0  =  +2.SV/SV 

±0.05 

±15 

DAC100AAQ7 

OAC100AAQ8 

±0.05 

±30 

DAC100ABQ7 

DAC100ABQ8 

±0.05 

±60 

DAC10OACQ5/883 

DAC100ACQ6/883 

DAC100ACQ7 

DAC100ACQ8 

DAC100ACQ3 

DAC100ACQ4 

±0.10 

±30 

DAC100BBQ5/883 

DAC100BBQ7 

DAC100BBQ6 

±0.10 

±60 

DAC100BCQ5/883 

DAC100BCQ7 

DAC100BCO3 

DAC100BCO4 

±0.10 

±120 

±0.20 

±60 

DAC100CCO5/883 

DACIO0CCQ6/883 

DAC100CCQ7 

DAC100CCQ3 

DAC100CCQ4 

±0.20 

±120 

±0.30 

±120 

DAC100DDQ7 

DAC100DDQ3 

'  Part  number  construction:  The  1st  letter  following  DAC-100  (A-D)  refers  to 
the  nonllnearity  specification;  the  2nd  letter  (A-D)  refers  to  the  full-scale 
tempco;  the  letter  Q  refers  to  the  package;  and  the  end  numeral  indicates  the 
output  voltage  and  temperature. 


t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip,  andTO-can  packages.  For  ordering  information,  see  1988 
Data  Book,  Section  2. 


SIMPLIFIED  SCHEMATIC 


-DIGITAL  LOGIC  INPUTS 


FOR  10V  OR  :5V  OPERATION. 
Hfi  -  4_SSin  (PACKAGE  CO, 
OS.  07) 

FOR  6V  OR  :2.5V  OPERATION. 
RS  -  2.44kn  (PACKAGE  04, 
OS.  OSI 
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DAC-100 10-BIT  CURRENT-OUTPUT  D/A  CONVERTER 


ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

V  + Supply  to  V- Supply   0to+36V 

V+  Supply  to  Output  0  to  +  18V 

V- Supply  to  Output    0  to -18V 

Logic  Inputs  to  Output    -1 V  to  +6V 

Power  Dissipation  (Note  1)  SOOmW 

Operating  Temperature  Range  Q3,  Q4   0°Cto+70°C 

Q5,  Q6,  Q7,  Q8   -55°  C  to  +  125°  C 


DICE  Junction  Temperature   -25°C  to  +  150°C 

Storage  Temperature  Range   -65°  C  to  +150°  C 

Lead  Temperature  (Soldering,  60  sec)   +300°  C 

NOTES: 

1.  Rating  applies  to  ambient  temperature  of  100*  C.  Above  100"  C,  derate  at 
10mW/*C. 

2.  Ratings  apply  to  DICE  and  packaged  parts,  unless  otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs=  ±  15V,  -25° C < TA< + 85°  C for Q7 and  Q8 devices; 0°  C <TA< +70° C for  Q3 and 
Q4;-55°C<TA<+i25°CforQ5  and  Q6  devices,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CON0ITION8 

DAC-100 

MIN 

TYP 

MAX 

UNITS 

Resolution 

10 

Bits 

(+1/2LSB-10  bits) 

A- 

±0.05 

(For  Ronllnearity/tempco 

NL 

(±1/2  LSB  —  Sblls) 

B — 

- 

- 

±0.1 

%FS 

combinations,  see  Ordering 

(±1/2LSB-Sbltsl 

C — 

±0.2 

Information) 

(±3/4LSB  -  8  bits) 

D — 

±0.3 

—A 

— 

- 

±15 

Full-Scsle  Tempco 

— B 

±30 

ppm/'C 

(See  Full-Scale  Test  Circuit) 

Tc 

-C 
-D 

- 



- 

±60 
±120 

to  ±0.05%  FS 

ALL 

- 

- 

375 

to  ±0.1%  FS 

ALL 

300 

Settling  Time  TA  =  25°C 

|s 

to±0.2%FS 

ALL 

225 

ns 

to  ±0.4%  FS 

ALL 

- 

- 

150 

to  ±0.8%  FS 

ALL 

— 

— 

100 

Full-Range  Output  Voltage 
(Limits  guarantee  adjustability 
to  exact  10.0  (5.0)V  with  a 

Vfr 

Connect  FS  Adjust  to  V- 
10V  Models  (Q3,  05.  07) 
(See  Full-Scale  Test  Circuit) 
5V  Models  (04, 06, 08) 
VIN  =  0.7V 

10 

11.1 

V 

200fl  Trlmpote  between 
Adjust  and  V*) 

5 

— 

5.55 

(See  Basic  Unipolar  Voltage  Output  Circuit) 

Zero-Scale  Output  Voltage 

Vzs 

V1N  =  2.1V 

ALL 

- 

- 

0.013 

%FS 

Logic  Inputs:  High 

V,NH 

Measured  with  respect  to 
output  pin 

ALL 

2.1 

— 

— 

V 

Logic  Inputs:  Low 

V,N1. 

Measured  with  respect  to 
output  pin 

ALL 

0.7 

V 

Logic  Input  Current,  Each  Input 

I.N 

V,N  =  Oto+6V 

ALL 

5 

«A 

Logic  Input  Resistance 

R(N 

VlN  =  0to+8V 

ALL 

3 

mil 

Logic  Input  Capacitance 

ClN 

ALL 

2 

PF 

Output  Resistance 

"o 

ALL 

500 

WJ 

Output  Capacitance 

Co 

ALL 

13 

pF 

Applied  Power  Supplies:  V+ 

ALL 

+6 

+  18 

V 

Applied  Power  Supplies:  V- 

ALL 

-6 

-18 

V 

Power  Supply  Sensitivity 

Pss 

Vs  =  ±6Vto±18V 

ALL 

±0.10 

%  per  Volt 

VS  =  ±15V 

03,04 

200 

300 

Power  Consumption 

Po 

VS  =  ±6V 

03,  04 

60 

mW 

VS  =  ±1SV 

05,  OB,  07,  08 

200 

250 

Positive  Supply  Current 

1+ 

VS=+15V 
VS=+15V 

03,  04 
05.  06.  07.  06 

10 
8.33 

mA 

Negative  Supply  Current 

1- 

VS  =  -15V 
VS  =  -15V 

Q3.  Q4 
05.  06,  07.  08 

-10 
-8.33 

mA 
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1.  RB 

2.  V- 

3.  OUTPUT 

15.  FULL-SCALE  ADJ 

16.  Rs 

R  —  Pads  are  connected  to  similarly 
marked  pads  on  DAI-01 


2.  V-  10.  BIT  4 

3.  OUTPUT  11.  BIT  3 

4.  BIT10(LSB)  12.  BIT  2 

5.  BIT  9  13.  BIT  1  (MSB) 

6.  BITB  14.  V+ 

7.  BIT  7 

8.  BIT  6  H  —  Pads  are  connected  to  similarly 
g.  BITS  marked  pads  on  DAR-01 


Note:  Pads  4  — 14,  See  DAI-01 


Note:  Pads  1, 2, 15, 16,  Sea  DAR-01 


These  die  versions  are  available  on  special  order;  contact  your  PMI  sales  office. 


WAFER  TEST  LIMITS  at  TA  =  25°  C  for  the  R-2R  Ladder  Network  comprised  of  R1— R8,  R12.  R23.  R34,  R45  and  RS6  when 
connected  to  an  ideal  DAI-01,  unless  otherwise  noted. 

DAR-01-N  DAR-01-G 

PARAMETER  CONDITIONS  M1N       TYP      MAX  MIN       TYP      MAX  UNITS 

Norillneartty  VR1=3.2V    -        —  ±0.035  —        —    ±0.05  % 


WAFER  TEST  LIMITS  at  TA  =  25°C,  VR1  =  3.2V,  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

MIN 

DAR-01 

TYP 

MAX 

UNITS 

Resistance  R1 

Absoluts  Measurement 

2.S6 

3.84 

kil 

Ratio  RC1  to  R1 

Ideal  =  1.00503  to  1 

-1 

+1 

% 

Ratio  R1  to  RSI 

Ideal  =  1.29959  to  1 

-1 

+1 

% 

Ratio  R1  to  RS2 

Ideal  =  1.29959  to  1 

-1 

+  1 

*> 

Ratio  RB  to  R1 

Ideal  =  1.92211  to  1 

-1 

+1 

% 

NOTE: 

Electrical  tests  are  performed  at  water  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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|PMl)PAC"10°  19*B,T  CURRENT*0UTPUT  D/A  CONVERTER 

TYPICAL  ELECTRICAL  CHARACTERISTICS  in  common  to  all  grades. 

DAR-01 

PARAMETER                                    CONDITIONS                                                   M1N       TYP  MAX 

UNITS 

Absolute  Temperature  Coefficient           All  Resistors                                                   —     ±180  — 

ppm/*C 

Tracking  Temperature  Coefficient          All  Resistors  with  Respect  to  Rl                            —         3  — 

ppm/AC 

WAFER  TEST  LIMITS  at  TA  =  25°C  when  connected  to  an  ideal  DAR-01.  unless  otherwise  noted. 

DAI-01-N  DAI-01-G 

PARAMETER          SYMBOL       CONDITIONS                                                       MIN      TYP      MAX           MIN  TYP 

MAX 

UNITS 

Nonllnearity          NL              VS  =  ±1SV                                                          —        —    ±0.05             —  — 

±0.1 

Internal  Reference  Vmcr          v8°±1SV                                                     6.6        —    8.900           8.6  — 
Vbltage 

6.900 

V 

WAFER  TEST  LIMITS  at  Vs  =  +15V,  TA  =  25° C  when  connected  to  an  ideal  DAR-01,  unless  otherwise  noted. 

DAI-01 

PARAMETER                            CONDITIONS                                                           MIN       TYP  MAX 

UNITS 

Resolution                                 "                                                                    10        —  10 

Bits 

Analog  Output  Current               All  Bits  Low.  V-  Connected  to  FS  Adjust                          1840        —  2274 

*<A 

Zero-Scale  Output  Current          All  Bits  High,  V-  Connected  to  FS  Adjust                            —        —  ±0.011 

*Ifs 

Logic  Input  "0"                      Measured  with  Respect  to  Output                                 —        —  0.7 

V 

Logic  Input  "1"                      Measured  with  Respect  to  Output                                 2.1        —  — 

V 

Supply  Current                       All  Bits  High,  V-  Connected  to  FS  Adjust                            —        —  8.33 

mA 

Power  Supply  Rejection             vs  =  ±6Vto±18V                                                  -        -  0.1 

%iFS/v 

NOTE: 

Electrical  testa  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  Is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  tot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  and  when  connected  to  an  ideal  DAR-01.  unless  otherwise 
noted. 

DAI-01-N  DAI-01-G 
PARAMETER                           CONDITIONS                                                   MIN      TYP      MAX           MIN       TYP  MAX 

UNITS 

Full-Scale  Temperature  Coefficient  (Note)                                                          —      ±60        —             —  ±60 

ppm/'C 

NOTE: 


Full-Scale  Temperature  Coefficient  Isdefined  as  the  change  in  output  voltage 
measured  in  the  basic  unipolar  voltage  output  test  circuit  shown  on  the 
DAC-100  data  sheet  and  is  expressed  in  ppm  between  25°  C  and  either 
temperature  extreme  divided  by  the  corresponding  temperature  change. 
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DAC-100 10-BIT  CURRENT-OUTPUT  D/A  CONVERTER 


BASIC  CONNECTIONS 

BASIC  UNIPOLAR  VOLTAGE  OUTPUT  CIRCUIT 


TYPICAL  SETTLING  TIME 
FOR  1/2  SCALE  CHANCE 


*RS  *  4.Sktl  FOR  10V  MODELS  (03.  OS.  07> 
R|  ■*  2-41iR  FOR  BV  MODELS  (Q4,  Q6. 08) 


BASIC  BIPOLAR  VOLTAGE  OUTPUT  CIRCUIT 


BIPOLAR 
OFFSET 
ADJUST 


V*  II  VT^»" 

M    131211109  8  7  85  4    ?|  50011 

9  ??????????  fi  ~ 


VREF  S4V  L0W  Tc 


0  -  2  mA  JRbJRS 
DAC-100  O — 


R|  ,<R|  *  Rs  IRgt 


FULL  SCALE 
AOJUST 


6=6 
"OUT  v« 


APPLICATIONS  INFORMATION 

FULL  RANGE  OUTPUT  ADJUSTMENT  —  The  output  cur- 
rent of  the  DAC-100  may  be  reduced  to  produce  an  exact 
10.000  (5.000)  volt  output  by  connecting  a  200O  adjustable 
resistance  between  the  full-scale  adjust  pin  and  V-.  Adjust- 
ment should  be  made  with  an  input  of  all  "zeroes." 

LOWER  RESOLUTION  APPLICATIONS  —  The  DAC-100 
may  be  used  in  applications  requiring  less  than  10  bits  of 
resolution.  All  unused  logic  inputs  must  be  tied  to  logic  high 
for  proper  operation.  "Floating"  logic  inputs  can  cause 
improper  operation. 


REDUCED  RESOLUTION  APPLICATION 


■OUT 

— o 


LOGIC  CODING  —  The  DAC-100  uses  complementary  or 
I  nverted  binary  logic  coding,  i.e.,  an  all  "zeroes''  Input  produ- 
ces a  full  range  output,  while  an  ail  "ones"  input  produces  a 
zero-scale  output.  Each  lesser  significant  bit's  weight  is  one- 
half  the  previous  more  significant  bit's  value.  High  logic  input 
turns  the  bit  "OFF,"  low  logic  input  level  turns  the  bit  "ON". 

LOGIC  COMPATIBILITY — The  input  logic  levels  are  directly 
compatible  with  TTL  logic  and  may  also  be  used  with  CMOS 
logic  powered  from  a  single  +5  volt  supply. 

N  ON  LINEARITY  (NL)  —  The  maximum  deviation  from  an 
ideal  straight  line  drawn  between  the  end  points,  expressed 
as  a  percent  of  full-scale  range  (FSR)  or  given  in  terms  of 
LSB  value.  The  end  points  are  zero-scale  output  to  full-scale 
output  for  unipolar  operation  and  minus  full-scale  to  positive 
full-scale  for  bipolar  operation. 

BIPOLAR  OPERATION — The  DAC-100  may  be  converted  to 
bipolar  operation  by  injecting  a  half-scale  current  into  the 
output;  this  is  accomplished  by  connecting  the  internal  bipo- 
lar resistor  to  a  +6.4  volt  reference.  Trimming  of  the  zero 
output  may  be  facilitated  by  placing  a  500O  adjustable  res- 
istance in  series  with  the  +6.4  volts. 

VOLTAGE  AT  OUTPUT  PIN  —  The  DAC-100  is  designed  to 
be  operated  with  the  voltage  at  the  output  pin  held  very  close 
to  zero  volts.  Input  logic  threshold  levels  are  directly  affected 
by  output  pin  voltage  changes;  voltage  swings  at  the  output 
may  cause  loss  of  linearity  due  to  improper  switching  of  bits. 
Large  voltage  swings  may  cause  permanent  damage  and 
should  be  avoided.  Proper  operation  can  be  obtained  with 
output  voltages  held  within  ±0.7  volts;  a  pair  of  back-to-back 
silicon  diodes  tied  from  the  output  to  ground  is  a  convenient 
way  of  clamping  the  output  to  this  limit. 
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DAC-100 10-BIT  CURRENT-OUTPUT  D/A  CONVERTER 


TYPICAL  APPLICATIONS 


EXTERNAL  REFERENCE  CONNECTION 


BINARY-CODED-DECIMAL  D/A  CONVERSION 


-15V I  r 


OFSA 

200n  1/2 

OP-04 


taw 

1  START- 
■  UP 
DIOOE 


10.0V 
UP 

DIOOE 


ANALOG  SUM  OF  TWO  DIGITAL  NUMBERS 


"mm????! 


0  -  2mA     4.88  ! 


»      200Q  I11 


0  -  2mA      4.88  J 


«-<>-(§> 


VOUT  -  «i  ♦  Nj 


2     2001!  |» 


DIGITALLY  PROGRAMMED  LEVEL  DETECTOR 


0  -  Vjn  <  R£f 


f 


VBEF  c*p>>— o 
vino— 


ANALOG  INPUT 
0/+10V 

~~  (10VOAC-100MODELSI 


soon 

1/2% 


100ft 
1/2X 


0TO1 
CURRENT- 
DIVIDER 


•CAN  BE  EXPANDED  TO  3  DIGITS  BV  ADDITION  OF  A  THIRD  DAC  AND 
99  T0 1  CURRENT  DIVIDER. 


INTERFACING  WITH  CMOS  LOGIC 

The  DAC-100  requires  only  about  1pA  of  input  current  into 
each  logic  stage.  This  enables  use  with  CMOS  inputs  as  long 
as  one  rule  is  observed;  logic  input  voltages  should  not 
exceed  6.5  volts  or  V+,  whichever  is  smaller.  To  provide  an 
understanding  of  this  rule,  it  is  necessary  to  discuss  the  logic 
input  stage  design. 

LOGIC  INPUT  STAGE  DESIGN 

For  simplicity,  only  one  of  the  ten  identical  input  circuits  is 
shown  below.  The  DAC-100  uses  a  fast  current-steering 
technique  that  switches  a  bit-weighted  current  between  the 
positive  supply  (V+)  and  the  analog  output,  which  is  usually 
constrained  to  be  at  zero  volts  (virtual  ground)  by  an  external 
summing  amplifier. 

DAC-100  -  LOGIC  INPUT  STAGE 


ANALOG 
OUTPUT 


ZERO 
VOLTS 


-0.7  VOLTS 
-ON"  CONDITION 
ONLY 


CP 


CD 


BITWEIGHTEO 

CURRENT 

SOURCE 


1/0 

PS 


o 
u 

o 
o 


o 

t 

o 

Q 
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DAC-100 10-BIT  CURRENT-OUTPUT  D/A  CONVERTER 


Switching  is  accomplished  by  forward  biasing  Q4,  diode- 
connected  transistor,  for  the  bit  "ON"  condition  and  back 
biasing  Q4  in  the  "OFF"  condition.  For  the  "ON"  condition 
(V|N<  0.7  volts),  Q3  is  "OFF"  —  all  of  the  bit-weighted  cur- 
rent, h,  flows  from  the  analog  output  through  Q4  and  ulti- 
mately to  V-.  In  the  "OFF"  condition  (V|N  >  2.1  volts),  Q3  is 
"ON",  Q4  Is  back  biased,  and  the  bit-weighted  current  is 
sourced  from  the  positive  power  supply  instead  of  the  analog 
output. 

If  V|N  is  too  high,  Q4's  emitter-base  junction  will  experience 
reverse  breakdown  and  a  fault  condition  will  occur.  Equation 
1  describes  this  condition: 

1 )  BV|H  =  VBE1  +  VBE2  +  VBE3  +  BVEB4  a  7.7  volts 

Using  this  relationship,  it  can  be  seen  that  a  conservative 
input  voltage  limit  would  be  around  6.5  volts.  When  the  6.SV 
input  limit  is  observed,  DAC-100  operation  with  CMOS 
inputs  is  easily  achieved. 

±6  VOLT  POWER  SUPPLY  OPERATION 

This  is  the  most  convenient  method  of  interfacing  the 
DAC-100  with  CMOS  logic.  At  ±6  volts  the  DAC-100  power 
dissipation  is  only  80mW,  which  is  very  small  considering  the 
inclusion  of  a  complete  internal  reference.  No  interfacing 
components  are  required  with  ±5%  power  supplies,  and  the 
CMOS  logic  and  DAC-100  can  use  the  same  +6  volt  power 
supply.  In  this  application  the  device  is  directly  CMOS 
compatible. 

BLOCK  DIAGRAM  —  CMOS  TO  DAC-100  INTERFACE 


our  in 

5  VOLT  !10» 
REGULATOR 


0*6VTO+16V 


ri\ 

•UTSV 


vcc 

LEVEL 
SHIFTING 
DUFFER/ 
CONVERTERS 
2  EACH 
CD4049A 
OR 

CD4050A  „ 

VoD 


LOW  LEVEL 
TTL  OUTPUTS 


V-  OAC-100 
10  LOGIC  INPUTS 


1. 


■MUST  BE  CURRENT  LIMITEO  TO  AVOID  DAMAGING 
THE  LEVEL  SHIFTING  BUFFER. 


HIGH  LEVEL  CMOS  INTERFACING 

The  block  diagram  below  illustrates  a  convenient  method  for 
interfacing  CMOS  input  levels  between  6.5  volts  and  15  volts' 
with  the  DAC-100.  Inexpensive  and  readily  available  CMOS 
hex  buffer/converters  step  down  the  high-level  inputs  to  TTL 
levels  that  cannot  exceed  5  volts  —  clearly  satisfying  the 
input  stage  voltage  rule. 

In  addition  to  level  shifting,  buffer/converters  provide  input 
coding  flexibility  since  they  are  available  as  inverting 
(CD4049A)  or  non-inverting  (CD4050A)  devices.  This  gives 
the  user  a  choice  between  negative-true  and  positive-true 
binary  coding  and  allows  the  same  basic  DAC-100  to  CMOS 
interfacing  method  to  be  used  in  either  type  of  application. 

Since  buffer/converter  power  consumption  is  very  low,  the 
required  +5  volts  can  be  provided  by  a  simple  regulator  or 
even  a  resistive  divider  in  some  applications.  In  a  multi-DAC 
system,  one  central,  inexpensive  three-terminal  IC  regulator 
can  supply  several  level  shifting  devices. 

NOTE 

For  a  more  complete  explanation  and  detailed  circuit  connections,  refer  to 
AN-14,  "Interlacing  PMI  D/A's  with  CMOS  Logic." 


BURN-IN  CIRCUIT 


NOTES: 

1.  RESISTOR  IS  tMl  1/4W  METAL  FILM.  IK. 

Z.  ALL  SHORTED  DEVICE  PINS  TO  BE  MADE  AT  OEV1CE. 

3.  ONLY  +IBV.  -16V.  AND  GROUND  LINES  ARE  TO  BE 
CARRIED  PARALLEL  TO  BOARO  CONNECTORS. 

4.  10(1  RESISTORS  ARE  VIM  CC.  5%. 
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DAC-100 10-BIT  CURRENT-OUTPUT  D/A  CONVERTER 


SUCCESSIVE  APPROXIMATION  A/D  CONVERTER  (8-BIT) 


fULL 
SCALE 
ADJUST 

LSBBIT8  - 
SIT  7  . 
BITB- 
8JT6  • 
BIT  4  * 
BIT  3  ■ 
BIT  2  ■ 
MSB  BIT  1  " 
MSB  BIT  1  ■ 


SERIAL  - 
OUTPUT 


START  - 
CONVERSION 
COMPUTE  " 

CLOCK, 


♦15V  BIPOLAR 
.      REFERENCE f 
T  INPUT  I 

IIF  REQ'DI  h 


114      IIFREO-Dlh     lis  J 
*  ImSB   ~  *  LSH  /  JL  £A 


AM2502FC  BBIT  8AR 


INPUT 


o.oi„f_L 

sov-j- 

O-OljiF  J- 

Jt  l„F 

50VT 

-*  ■  

O.OliiF-L 

-j£«.7fiF 

50V  "T~ 

J  10V 

♦  1SV 

ANALOG 
GROUNO 

-I5V 


POWER 
GROUND 


N0TE1 

FOR  A  COMPLETE  TREATMENT  OF  SA  ADCS  CONSTRUCTED  WITH  THE  OAC100. 
REFER  TO  AN-11.  "A  LOW  COST.  EASV-TOBUILO  SUCCESSIVE  APPROXIMATION 
A/0  CONVERTER". 


TRACKING  (SERVO-TYPE)  A/D  CONVERTER 


O  CLOCK  IN 
MAXIMUM  CLOCK  RATE  -  ISMHt 

♦SV  TRACK  HOLD 


2«n  •""*» 

— vW — | 

II 

FOR  CLOCK  RATE  •  UMHl  C  •  4KbF 

V|N  -  0  TO  *iOV 

R|N  a  4.SU1 
ANALOG  A 
INPUT  °- 

MAXIMUM  PULL  SCALE 

SINE  WAVE  INPUT 

IS  4SO0HI 


DIGITAL 
OUTPUT 


NOTE! 

FOR  A  COMPLETE  TREATMENT  OF  TRACKINQ  ADC'S  CONSTRUCTED 
WITH  THE  OAC-tOO.  REFER  TO  AN-9.  "A  LOW  COST,  HIGH  PERFORM- 
ANCE TRACKINQ  A/D  CONVERTER". 


r 
x: 


•IS 

0.02 


o*s 

~0.03 

0*t5 
— ^—  n  03 

Q»1B 

I 

POWER 
GROUND 
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liM)  DAC-210 

11-BIT  VOLTAGE-OUTPUT  D/A  CONVERTER 

(10  BITS  PLUS  SIGN| 


Precision  JVlonolithics  Inc. 


FEATURES 

•  Complete    Includes  Reference  and  Op  Amp 

•  Bipolar  Output   ±10V 

•  Sign-Magnitude  Coding 

•  No  Bipolar  Oflset  Adjustment  Required 

•  10-Bit  Linearity  Maintained  over  Full  Temperature 

•  Multiplying  Operation 

•  Fast   1.5/is  Settling  Time 

•  Monotonicity  Guaranteed 

•  Reliable   100%  Burned-ln 


ORDERING  INFORMATION? 


TEMPCO 

NL  WS 

COMMERCIAL 

(ppm/'C) 

TEMPERATURE 

±40 

±0.05 

DAC210EX 

±60 

±0.05 

DAC210FX 

±30  Typ 

±010 

DAC210GX 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book.  Section  2. 


GENERAL  DESCRIPTION 

The  DAC-210  is  a  complete,  monolithic  10-bit  plus  sign  DAC 
with  a  ±10V  output.  A  precision  voltage  reference,  a  logic 
controlled  polarity  switch  and  output  amplifier  are  included. 
Linearity,  monotonicity,  and  full-scale  temperature  coeffi- 
cient are  guaranteed  over  the  full  operating  temperature 
range.  Ease  of  application  is  achieved  by  the  total  D/A  system 
specs  given  for  nonlinearity  and  zero-scale  offset.  System 
specs  eliminate  the  complex  error  budget  analysis  required 
by  less  "complete"  DACs.  Sign-magnitude  coding  minimizes 
the  "major-carry"  zero-code  errors  inherent  in  offset  coding 
schemes. 


PIN  CONNECTION 


B  BIT  1  [T 
BIT  2  (T 
SIT  3  fT 
BIT  4  f7 
BIT  S  fT 
BIT  6  E 
BIT  7  (T 
BIT  S  [7 
BIT  0  (T 


7i]  SIGN  BIT 
]T]  REF.  OUTPUT 
3  V» 

is]  REF.  INPUT 
u]  ANALOG  OUTPUT 
}j\  ANALOG  GROUND 
V- 

H3  DIGITAL  GROUND 
J°]  BIT  ID  LSB 


18-PIN 
HERMETIC  DIP 
(X-Suffix) 


SIMPLIFIED  SCHEMATIC 


.   DIGITAL  LOGIC  INPUTS   s 

0GIT 1      a  BIT  2     oBIT  3     DBIT4     0BIT  5     oBIT  G     OBIT  J     oelT  8     oD|T  9     O  BIT  10  oSIGN  BIT 

v-  U         |3         T<         is         Te         I?         13         TO  Tw 


REF 
OUT- 
PUT 


DlGI 
TAL 

GND 


-CD- 
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DAC-210 11-BIT  VOLTAGE-OUTPUT  D/A  CONVERTER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  0°C  <  TA  <  +70°C  for  E,  F  and  G  grades,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC-210E 

MIN     TYP  MAX 

DAC-210F 
MIN     TYP  MAX 

DAC-210G 

MIN      TYP  MAX 

UNITS 

Resolution 

Including  Sign 

11 

11 

11 

Bits 

Monotonicity 

10 

10 

9 

Bits 

Nonlinearily 

NL 

TA=25"C 

TA  =  Full  Range 

_ 

±0.05 
±0.05 

_ 

±0.05 
±0.10 

_ 

±0.10 

%FS 

Zero-Scale 
Offset  Voltage 

vzs 

TA  =  25-C 

TA  =  Full  Range 

_ 

_ 

±0.05 
±0.06 

_ 

_ 

±0.1 
±0.1 

_ 

_ 

_ 

%FS 

Bipolar  Full  Range 
Voltage  Symmetry 
(Vrat-lVra-J) 

Vfbs 

TA  =  2S°C 
TA=  Full  Range 

- 

- 

40 
50 

- 

- 

60 
70 

- 

50 

80 

mV 

Zero-Scale 
Voltage  Symmetry 
<Ves--Vss-) 

V™ 

TA  s  Full  Range 

2 

mV 

Gain  Tempco 

Internal  Reference 
External  Reference 

±15 

±30 

±30 

ppm/°C 

Output  VollQQB 

Range 

*OR+ 
V0R- 

RL  =  2k(l 

+10.0 
~11.5 

+11.5 

+  10.0 

+  11.5 
—10  0 

+10.0 

+  11.5 

V 

Differential 
Nonlinear!  ty 

DNL 

TA  =  25"C 



±1 

_ 

_ 

±1 



±1 

_ 

LSB 

Settling  Time 

TS 

(Note  4) 

- 

t.5 

- 

- 

1.5 

- 

- 

1.5 

- 

flS 

Reference  Input 
Slew  Rate 

SBREF 

— 

1.5 

■  — 

— 

15 

— 

— 

1.5 

— 

V/flS 

Reference  Input 
Impedance 

Z|N 

— 

200 

— 

— 

200 

— 

— 

200 

— 

MO 

Reference  Input 
Multiplying  Range 

IVRm 

ForO.1%  Typical 
Nonlinearity 
(Note  1 ) 

3 

V 

Reference  Amplifier 
Bandwidth 

BW 

- 

1 

- 

- 

1 

- 

- 

1 

- 

MHz 

Reference  Output 
Voltage 

VREf 

- 

7.6 

- 

- 

7.6 

- 

- 

7.6 

- 

V 

DAC  Output 
Current 

•o 

(Note  3) 

0 

5 

0 

5 

0 

5 

mA 

Reference  Output 
Current 

'bef 

- 

100 

- 

- 

too 

- 

- 

100 

- 

eA 

Output  Slew  Rate 

SR0 

— 

10 

10 



10 

V/jis 

Logic  Input  Current 

■in 

-5V  <  V,  <  V+ 

±2 

+  10 

±2 

±10 

±2 

±10 

Logic  "0"  Input 
Voltage 

V.NL 

0.8 

0.8 

0.8 

V 

Logic  "1"  Input 
Voltage 

V,NH 

2.0 

2.0 

2.0 

V 

Power  Supply 
Sensitivity 
(Note  2) 

pss 

TA  =  25"C 

0.015 

0.05 

0.015 

0.05 

0.015 

0.1 

IWrs/V 

TA  =  Full  Range 

0.015 

0.1 

0.015 

0.1 

0.015 

0.1 

Positive  Supply 
Current 

1+ 

7 

9 

7 

9 

7 

9 

mA 

Negative  Supply 
Current 

-10 

-12 

-10 

-12 

-10 

-12 

mA 

NOTES: 

1.  Guaranteed  by  design. 

2.  Power  Supplies  —  The  DAC-210  will  operate  within  specifications  tor         3.  Guaranteed  by  Vor  test,  RL  =  2ktt. 

power  supplies  ranging  from  ±12V  to  +18V.  Power  supplies  should  be  4.  To  within  ±5mV  of  final  settled  value,  (±10  volt  output  step,  RL  =  2kfl.) 
bypassed  near  the  package  with  a  0.1pF  disk  capacitor. 
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DAC-210  11-BIT  VOLTAGE-OUTPUT  D/A  CONVERTER 


ABSOLUTE  MAXIMUM  RATINGS 

Operating  Temperature  Range 

DAC-210E,  F,  G  0°C  to  +  70°C 

DICE  Junction  Temperature  (T,    -65° C  to  + 150°  C 

Storage  Temperature  Range   -65°C  to  +150°C 

V  +  Supply  to  Analog  Ground   0  to -M8V 

Analog  Ground  to  Digital  Ground   0to±0.5V 

Logic  Inputs  to  Digital  Ground    -5V  to  i  V+ -0.7V) 


DICE  CHARACTERISTICS 


V+ Supply  to  V- Supply   36V 

Internal  Reference  Output  Current   300jiA 

Reference  Input  Voltage   0  to  +  10V 

Internal  Power  Dissipation    500mW 

Derate  Above  100° C  10mW/°C 

Lead  Temperature  (Soldering,  60  sec)   300°  C 

Output  Short-Circuit  Duration   Indefinite 

(Short-circuit  may  be  to  ground  or  either  supply.) 

NOTE:  Absolute  ratings  apply  to  both  DICE  and  packaged  parts  unless 
otherwise  noted. 


1.  B1  (MSB)  10.  B10(LSO) 

2.  B2  11.  DIGITAL  GROUND 

3.  B3  12.  V- 

4.  B4  13.  ANALOG  GROUND 

5.  B5  14.  ANALOG  OUTPUT 

6.  B6  15.  REFERENCE  INPUT 

7.  B7  16.  V+ 

6   B8  17.  REFERENCE  OUTPUT 

9.  B9  18.  SIGN  BIT 

NOTE:  For  5  voll  output  option  (  +  5V  only)  *  is  connected  to  ana  log  output,  "is 

connected  to  analog  ground 
DIE  SIZE  0.118  X  0.087  inch,  10.266  sq.  mils 

(2.997  X  2.210  mm,  6.623  sq.  mm) 
For  additional  DICE  ordering  information,  refer 
lo  1988  Dala  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs=  ±15V,  +10V  full-scale  output,  TA  =  25'C,  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

DAC-210N 
LIMIT 

DAC-210G 
LIMIT 

DAC-210GR 
LIMIT 

UNITS 

Resolution 

Bipolar  Output 
Unipolar  Output 

11 
10 

11 

10 

11 
10 

Bits  MAX 

Monotonicity 

10 

9 

8 

Bits  MIN 

Nonlinearity 

♦0.05 

±0.1 

±0.2 

%FS  MAX 

Zero-Scale  Offset 

Sign-Bit  High.  All  Other 
Inputs  Low 

±5 

±10 

±10 

mV  MAX 

Zero-Scale  Symmetry 

vzs.-vzs 

±1 

±2 

±2 

mV  MAX 

Full-Scale  Bipolar 
Symmetry 

±10V  Full-Scale 

±40 

±80 

+80 

mV  MAX 

Power  Supply 
Rejection 

vs  =  ±i2Vto±i8V 

005 

005 

0.1 

%VFS/V  MAX 

Power  Consumption 

Iout=0 

300 

300 

300 

mW  MAX 

Logic  Input  "0" 

0.8 

0.8 

0.8 

V  MAX 

Logic  Input  "1" 

2 

2 

2 

V  MIN 

Analog  Output  Voltage 

V+  (Sign-Bit  Highl 

11.5 
10 

11.5 
10 

11.5 
10 

VMAX 
V  MIN 

1  All  Bits  Highl 

V-  (Sign-Bit  Lowi 

-10 
-11.5 

-10 
-11.5 

-10 
-11.5 

V  MAX 
VMIN 

Diflerential  Nonlinearity  ±]  ±1  ±1  LSB  MAX 

NOTE: 

Electrical  tests  are  pertormed  at  wafer  probo  to  the  limits  shown.  Due  lo  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  nogotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assombly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V  and  +10V  full-scale  output,  unless  otherwise  noted. 


PARAMETER 

SVMBOL 

CONDITIONS 

□AC-210N 
TYPICAL 

DAC-210G 

TYPICAL 

DAC-210GR 

TYPICAL 

UNITS 

Full-Scale  Tempco 

TCVFS 

Internal  Reference 

15 

30 

30 

ppm/'C 

Settling  Time 
<T»  =  25°Ci 

's 

To  ±1/2  LSB 
10  Volt  Step 

1.5 

1.5 

1.5 

ws 

Logic  Input  Current 

I  IN 

TA=25°C 

1 

1 

1 

(•A 
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DAC-210 11-BIT  VOLTAGE-OUTPUT  D/A  CONVERTER 


CONNECTION  INFORMATION 

FULL-SCALE  ADJUSTMENT  —  Full-scale  output  voltage 
may  be  trimmed  by  use  of  a  potentiometer  and  series  resistor 
as  shown;  however,  best  results  will  be  obtained  if  a  low 
tempco  resistor  is  used  or  If  pot  and  resistor  tempcos  match. 
Alternatively,  a  single  pot  of  £  7Skn  may  be  used. 

FULL  SCALE  ADJUSTMENT  CIRCUIT 


DIOITAL  INPUTS 


FULL 
SCAL£ 

ADJUST  ftata 


lumjr 

=EHENci 


>62Kf> 

analog 

GROUND 


tSO  LSB  SIGN  BIT  V 

rmnnn  i ; 

t  00  1 


TOCURR 
—i  \  SOURCC 


T 


DIGITAL  GROUND 


REFERENCE  INPUT  BYPASS  —  Lowest  noise  and  fastest 
settling  operation  will  be  obtained  by  bypassing  the  refer- 
ence Input  to  analog  ground  with  a  0.01  pF  disk  capacitor. 

VARIABLE  REFERENCES  —  Operation  as  a  two-quadrant 
multiplying  DAC  is  achieved  by  applying  an  analog  input 
varying  between  0  and + 10V  to  the  reference  input  terminal. 
The  DAC  output  is  then  the  scaled  product  of  this  voltage  and 
the  digital  Input. 


TYPICAL  APPLICATIONS 
10-BIT  SIGN-MAGNITUDE  ADC 


ANALOG 
INPUT 

tlOV  +ISV 


CLOCK  START  «V 


NOTES: 

1.  CONNECT  END  OF  COMV.  TO  START 
rOfl  CONTINUOUS  OPERATION. 

2.  FOR  MOM-COMTEKUOUS  OPE  RATION, 
NOLO  START  LOW  FOR  ONI  CLOCK 
CYCLE.  CONVERSIONS  810 IN  ON  THE 
NEXT  LOW  TO  HtOH  TRANSITION. 

J.  CONVERSION  IS  COMPLETED  IN  12 
CLOCK  CYCLES. 


APPLICATIONS  INFORMATION 


GROUNDING  —  For  optimum  noise  rejection,  separate  dig- 
ital and  analog  grounds  have  been  brought  out.  Best  results 
will  be  obtained  if  these  grounds  are  connected  together  at 
one  point  only,  preferably  at  the  power  supply,  so  that  the 
large  digital  currents  do  not  flow  through  the  analog  ground 
path. 


SIGN  —  MAGNITUDE  CODING  TABLE 


SIGN-BIT 

MSB  LSB 

+ FULL-SCALE 
-1  LSB 

1 

1111111111 

+ HALF-SCALE 

1 

1000000000 

ZERO-SCALE  (+) 

1 

0000000000 

ZERO-SCALE  (-) 

0 

0000000000 

-HALF-SCALE 

0 

1000000000 

-FULL-SCALE 
+1  LSB 

0 

1111111111 

LOWER  RESOLUTION  APPLICATION  —  For  applications 
not  requiring  full  10-bit  resolution,  unused  logic  inputs 
should  be  tied  to  ground. 

CAPACITIVE  LOADING  —  The  output  operational  amplifier 
provides  stable  operation  with  capacitive  loads  up  to  100pF. 

REFERENCE  OUTPUT  —  For  best  results,  reference  output 
current  should  not  exceed  100pA. 

INTERFACING  WITH  CMOS  LOGIC  —  The  DAC-210's  logic 
input  stages  require  about  1iiA  and  are  capable  of  operation 
with  inputs  between  -5  volts  and  V+.  This  wide  input  voltage 
range  allows  direct  CMOS  Interface  with  no  additional 
components. 

USE  WITH  EXTERNAL  REFERENCES  —  Positive  polarity 
external  reference  voltages  referred  to  analog  ground  may  be 
applied  to  the  reference  input  terminal  to  improve  full-scale 
tempco,  to  provide  tracking  to  other  system  elements,  or  to 
slave  a  number  of  DAC-210's  to  the  reference  output  of  any 
one  of  them. 
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PMI) 


Precision  Monolithics  Inc. 


DAC-312 

12-BIT  HIGH-SPEED  MULTIPLYING 
D/A  CONVERTER 


FEATURES 

•  Differential  Nonlfnearity   ±1/2LSB 

•  Noniinearity    0.05% 

•  Fast  Settling  Time   250ns 

•  High  Compliance    -5Vto+10V 

•  Differential  Outputs   0  to  4mA 

•  Guaranteed  Monotonicity  12  Bits 

•  Low  Full-Scale  Tempco   10ppm/°C 

•  Circuit  Interface  to  TTL,  CMOS,  ECL,  PMOS/NMOS 

•  Low  Power  Consumption    225mW 

•  Industry  Standard  AM6012  Pinout 

ORDERING  INFORMATIONt 


20-PIN  DIP 

OPERATING 

DNL 

HERMETIC 

PLASTIC 

—  TEMPERATURE 
RANGE 

11LSB 

DAC312BR' 

MIL 

11/2LSB 

DAC312EH 

COM 

±1LSB 

DAC312FR 

COM 

±1LSB 

DAC312HR 

COM 

±1LSB 

DAC312HP 

COM 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  alter 
part  number.  Consult  factory  for  883  data  sheet. 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1968 
Data  Book.  Section  2. 


GENERAL  DESCRIPTION 

The  DAC-312  series  of  12-bit  multiplying  digital-to-analog 
converters  provide  high  speed  with  guaranteed  performance 
to  0.012%  differential  noniinearity  over  the  full  commercial 
operating  temperature  range. 


Based  on  the  segmented  design  approach  pioneered  by  PMI 
with  the  COMDAC®  line  of  data  converters,  the  DAC-312 
combines  a  9-bit  master  D/A  converter  with  a  3-bit  (MSB's) 
segment  generator  to  form  an  accurate  12-bit  D/A  converter 
at  low  cost.  This  technique  guarantees  a  very  uniform  step 
size  (up  to  ±1/2  LSB  from  the  ideal),  monotonicity  to  12  bits 
and  integral  noniinearity  to  0.05%  at  its  differential  current 
outputs.  In  order  to  provide  the  same  performance  with  a 
12-bit  R-2R  ladder  design,  an  integral  noniinearity  over 
temperature  of  1/2  LSB  (0.012%)  would  be  required. 

The  250ns  settling  time  with  low  glitch  energy  and  low  power 
consumption  are  achieved  by  careful  attention  to  the  circuit 
design  and  stringent  process  controls.  Direct  interface  with 
all  popular  logic  families  is  achieved  through  the  logic 
threshold  terminal. 


PIN  CONNECTIONS 


MSB  B1  ^   •  ^ 

B2  [7 

33  "o 

B3  [T 

S4  [T 

3  V(-) 

BS  [7 

]«J  COUP 

m{± 

«]W-i 

07 

«]  vref"i 

ea  (T 

n]  VLC/ACND 

63  [T 

»»]B'*«-SB 

eto  Qo 

20-PIN  HERMETIC  DIP 
(R-Suffix) 

20-PIN  PLASTIC  DIP 
(P-Suffix) 


FUNCTIONAL  DIAGRAM 


&QKO  MSB  LSB 
VI')        V,c     Dl        B2        S3        B4       BS       BS        07        BS        B9       BIO      Bll  612 

o     o     99  999999999 


vREf<*>o- 


20       13  1 


10       11  12 


LOGIC  SWITCHES 


8-SEGMENT 
GENERATOR 


»|A  L°|°  I Y  ^     ^     I Y  ^ 


9-SIT  R-2R 
D/A  CONVERTER 


-Ol0 


6 

vl-l 


Manufactured  under  one  or  more  of  the  following  patents:  4.055.773: 4.056,740: 4.092.639 
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DAC-312  12-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


High  compliance  and  low  drift  characteristics  (as  low  as  ABSOLUTE  MAXIMUM  RATINGS 

10ppm/°C)  are  also  features  of  the  DAC-312  along  with  an  Operating  Temperature 

excellent  power  supply  rejection  ratio  of  ±.001%  FS/%AV.  DAC-312B   -SS'C  to  +  125°C 

Operating  over  a  power  supply  range  of  +5/-11V  to  ±18V  the  DAC-312E,  DAC-312F,  DAC-312H  0oC  to  +70oC 

device  consumes  225mW  at  the  lower  supply  voltages  with  an  DICE  Junction  Temperature   -65°C  to +150°C 

absolute  maximum  dissipation  of  375mW  at  the  higher  supply  Storage  Temperature  (T()   -65"C  to  +125°C 

levels.  Lead  Temperature  (Soldering,  60  sec)   300oC 

With  their  guaranteed  specifications,  single  chip  reliability  Power  Supply  Voltage   ±18V 

and  low  cost,  the  DAC-312  device  makes  excellent  building  Lo9'C  Inputs    -5V  to  +18V 

blocks  for  A/D  converters,  data  acquisition  systems,  video  Analog  Current  Outputs    -8V  to  +12V 

display  drivers,  programmable  test  equipment  and  other  Reference  Inputs  VM,  V15  V-  to  V+ 

applications  where  low  power  consumption  and  complete  Reference  Input  Differential  Voltage  (V14,  to  V15|   ±18V 

input/output  versatility  are  required.  Reference  Input  Current  (1 14)    1.25mA 


NOTE:  Absolute  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  lBEF=  1.0mA,  -55° C  <  TA<  125° C  for  DAC-312B,  0°C  <  TA<  70°C  for 
DAC-312E,  DAC-312F,  DAC-312H,  unless  otherwise  noted.  Output  characteristics  refer  to  both  I  out  and  I  out- 


DAC-312E 

DAC-312B/F 

DAC-312H 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

MIN 

TYP  MAX 

MIN 

TYP  MAX 

UNITS 

Resolution 

12 

12 

12 

Bits 

Monotontcity 

12 

—  - 

12 

- 

12 

-  - 

Bits 

Differential 

DNL 

Deviation  from  ideal 

—  ±0.0125 

-  ±0.0250 

—  ±0.0250 

%FS 

Nonlinearity 

step  size  (Note  2) 

: 

—  ±0.5 

: 

—  ±1 

—  ±1 

LSB 

Nonlinearity 

INL 

Deviation  from  ideal 
straight  tine  (Note  2) 

- 

-  ±0.05 

- 

—  ±0.05 

- 

—  ±0.05 

%FS 

Full-Scale 
Current 

>FS 

VREF  =  10.000V 
Bm=  RlS=  10.000KIJ 
(Note  2) 

3.967 

3.999  4.031 

3.935 

3.999  4.063 

3.935 

3.999  4.063 

mA 

Full-Scale 

TCIFS 

- 

±10  ±30 

- 

±10  ±40 

- 

±60  — 

ppm/°C 

Tempco 

±0.001  ±0.003 

±0.001  ±0.004 

±0.008  — 

ws/*c 

Output  Voltage 
Compliance 

vOC 

DNL  Specification 
guaranteed  over 
compliance  range 

-5 

—  +10 

-5 

—  +10 

-5 

—  +10 

V 

Full-Scale 
Symmetry 

'fss 

I  >FS  I  "  I  IfS  I 

±0.4  ±1 

±0.4  +2 

±0.4  ±2 

("A 

Zero-Scale 
Current 

>2S 

—  0.10 

-  0.10 

—  0.10 

To  ±1/2  LSB.  all  bits 

Settling  Time 

's 

switched  ON  or  OFF 
(Note  1) 

250  500 

250  500 

250  500 

ns 

Propagation 
Delay  — 
all  bits 

IftH 
'PHL 

All  bits  switched 
50%  point  logic  swing 
to  50%  point  output 
(Note  1) 

25  50 

25  50 

25  50 

ns 

Output 
Resistance 

Ro 

>10  - 

>10  — 

>10  - 

Mil 

Output 
Capacitance 

C0UT 

20  — 

20  - 

20  — 

pF 

Logic  Input 
Levels  "0" 

V,L 

VLC  =  GND 

-  0.6 

-  0.8 

-  0.8 

V 

Logic  Input 
Levels  "1" 

V,H 

Vlc  =  GND 

2 

2 

2 

V 

Logic  Input 
Current 

I  IN 

V,N  =  -5  to  +  18V 

-  40 

-  40 

-  40 

fA 

Logic  Input 
Swing 

Vis 

-5 

-  +18 

-5 

-  +18 

-6 

—  +18 

V 

11-91 


9/87,  Rev.  B 


DAC-312 12-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  +15V,  lREF  =  10mA,  -55°C  <  TA  <  125°C  lor  DAC-312B.  O^C  <  TA£  70°C  for 
DAC-312E,  DAC-312F,  DAC-312H,  unless  otherwise  noted.  Output  characteristics  refer  to  both  Iqut  and  Iqut-  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

DAC-312E 

TYP  MAX 

MIN 

DAC-312B/F 

TYP  MAX 

MIN 

OAC-312H 
TYP  MAX 

UNITS 

Reference  Bias 
Current 

lis 

0 

-0.5 

-2 

0 

-0.5 

-2 

0 

-0.5 

-2 

fA 

Reference  tnput 
Slew  Rale 

dl/dl 

Hl.M  =  80011 
Cc  =  0pF  (Notel) 

4 

8 

_ 

4 

8 

_ 

4 

6 

— 

mA//js 

Power  Supply 
Sensitivity 

PSSIfs, 
PSSIKS- 

V+  =  +  13.5V  to  +  16.5V, 
V-  =-15V 

V-  = -13.5V  to -16.5V, 
V+  =  +15V 

- 

±0.0005 
±0.00025 

±0.001 
±0.001 

±0.0005 
±0.00025 

±0.001 
±0.001 

- 

±0  0005 
±0.00025 

±0.001 
±0.001 

Power  Supply 
Range 

v+ 

V- 

VOUT  =  0V 

4.5 
-18 

18 
-10.8 

4.5 
-18 

18 
-10.8 

4.5 
-18 

18 
-10.8 

V 

Power  Supply 
Current 

1+ 
1- 
1+ 
1- 

V+  =  +5V.V-  =  -15V 
V+  =  +15V.V-  =  -15V 

3.3 
-13.9 

3.9 
-13.9 

7 

-18 
7 

-18 

Mil 

3.3 
-13.9 

3.9 
-13.9 

7 

-16 
7 

-18 

3.3 
-13.9 

3.9 
-13.9 

7 

-18 
7 

-18 

mA 

Power 
Dissipation 

p« 

V+  =  +5V,V-  =  -15V 
V+=+15V.V-  =  -15V 

225 
267 

305 
375 

225 
267 

305 
375 

225 
267 

305 
375 

mW 

NOTES: 

1.  Guaranteed  by  design. 

2.  TA  =  25-C  lor  DAC-312H  grade  only. 
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PMI> 


DAC-312  12-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


DICE  CHARACTERISTICS 


1. 

B1  (MSB) 

11. 

B11 

2. 

B2 

12. 

B12  (LSB) 

3. 

B3 

13. 

Vlc/AqND 

4. 

B4 

14. 

Vref(+) 

5. 

B5 

15. 

VrefH 

6. 

B6 

16. 

COMP 

7. 

B7 

17. 

V- 

8. 

B8 

18. 

lo 

9. 

B9 

19. 

10. 

B10 

20. 

v+ 

DIE  SIZE  0.141  X  0.096  inch,  13,536  sq.  mils  (3.58  X  2.44  mm,  8.74  sq.  mm) 


For  additional  DICE  ordering  Information,  reler 
lo  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs  =  ±  15V,  lREF  =  1 .0mA,  TA  =  25°C,  unless  otherwise  noted 

Output  characteristics  refer  to 

both  l0UT  and  l0UT. 

DAC-312N 

DAC-312G 

PARAMETER 

SYMBOL 

CONDITIONS  LIMIT 

LIMIT 

UNITS 

Resolution 

12 

12 

Bits  MIN 

Monotonicity 

12 

12 

Bits  MIN 

Nonlinearity 

±0.05 

±0.05 

%FS  MAX 

Output  Voltage 

Full-Scale  Current  +10 

+  10 

VMAX 

Compliance 

Voc 

Change  <1/2  LSB  -5 

-5 

VMIN 

Full-Scale 

VREF=  10.0O0V  4.031 

4.063 

mA  MAX 

Current 

Rl4.R,5=10.OO0kn  3.967 

3.935 

mA  MIN 

Full-Scale  Symmetry 

'fss 

±1 

±2 

,uA  MAX 

Zero-Scale  Current 

Izs 

0.1 

0.1 

(iA  MAX 

Differential 

DNL 

Deviation  horn  ±0.012 

+0.025 

%FS  MAX 

Nonlinearity 

Ideal  step  size  ±1/2 

±1 

Bits  (LSB)  MAX 

Logic  Input  Levels  "0" 

V|L 

VLC  =  GND  0.8 

0.8 

VMAX 

Logic  Input  Levels  "1" 

V,H 

VLC=GND  2 

2 

V  MIN 

Logic  Input  Swing 

Vis 

+  16 
-5 

+  16 
-5 

VMAX 
V  MIN 

Reference  Bias 
Current 

lis 

-2 

-2 

jiA  MAX 

Power  Supply 

PSSIps* 

V+  =  +13.5Vto+16.5V.V-  =  -15V  ±0.001 

±0.001 

*/%  MAX 

Sensitivity 

PSSIFS- 

V- = -13.5V  to -16.5V,  V+  =  +15V  ±0.001 

±0.001 

Power  Supply 

1+ 

VS  =  ±15V  7 

7 

mA  MAX 

Current 

1- 

lRFF<1.0mA  -16 

-18 

Power 
Dissipation 

PD 

VS  =  +15V  375 
lREF£  1.0mA 

375 

mW  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  In  assembly  methods  and  normal  yield  loss,  yield  after 

packaging  Is  not 

guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  25°C;  Vs  =  ±15V,  and  lREF  =  1.0mA,  unless  otherwise  noted.  Output 

characteristics  refer  to  both  louTand  'out- 

DAC-312N 

I ,  DAC-312G 

parameter 

SYMBOL 

CONDITIONS  TYPICAL 

TYPICAL 

UNITS 

Reference  Input 
Slew  Rate 

dl/dt 

8 

8 

mA/ps 

Propagation  Delay 

tpLH- tpHL 

Any  Bit  25 

25 

ns 

To  ±1/2  LSB,  All 

Settling  TlmB 

lS 

Bits  Switched  ON  250 
or  OFF. 

250 

ns 

Full-Scale 

TC1FS 

+  10 

+  10 

ppm/°C 

o 
u 

u 

O 

< 
2 
< 

6 

H 

j 

3 
5 
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DAC-312  12-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


OUTPUT  CURRENT  vs 
OUTPUT  VOLTAGE 
(OUTPUT  VOLTAGE  COMPLIANCE) 


I 

I 

wi.\  m  in  m/ 

1 

■a  "  'min  io  'max 
all  bits  on 

1 

lnEf  -£>5™A 

:  -  0.2r 

're 

■14     -IS       -f       ■!       1        0        10  II 

OUTPUT  VOLTAGE  IVOLTS) 


REFERENCE  AMPLIFIER 
COMMON-MODE  RANGE 


lREF-IOmA 

f 

f 

■ 

DIES 
POSltl 
IS  AIM 
NECAI 
IS  ALW 

j  I  com 

AVI  [V« 
VI  CO* 
AVJIV- 

KIN  MO 
-1  ?5V 

mdn  m 

•  IBM 

D£  VOL 

□  E  VO 
HEl" 

ACE 

T ACE  " 

till. 

lREF- 0.5mA 

f 

[ 

-  TA" 

A 

rWIN  T0  T"A 

LL  BITS  ON 

X   

l„EF-0?mA 

f 

i 

OUTPUT  COMPLIANCE 
vs TEMPERATURE 


\  r 

 ■  LHADEDAAEA  UoHCATII 

J,     H  RMIUIILE  RAhGE  OF  I 
 I      l.?lir*uT  v£ilT*tif  rtlTrl  L_ 

 1     p an  o IriEn  vi -i  pn  i p | [  *V- 


-I 


V1C  REFERENCE  COMMON  MODE  IVOLTS) 


TEMPERATURE  (°C) 


POWER  SUPPLY  CURRENT  vs  POWER  SUPPLY  CURRENT  TRUE  AND  COMPLEMENTARY 

POWER  SUPPLY  VOLTAGE  vs  TEMPERATURE  OUTPUT  OPERATION 


POWER  SUPPLY  VOLTAGE  (VOLTS)  TEMPERATURE  I'd 


REFERENCE  AMPLIFIER  REFERENCE  AMPLIFIER 

SMALL-SIGNAL  LARGE-SIGNAL  GAIN  ACCURACY  vs 

FREQUENCY  RESPONSE  FREQUENCY  RESPONSE  REFERENCE  CURRENT 
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OAC-312 12-BIT  HIGH-SPEED  MULTIPLYING  0/A  CONVERTER 


BASIC  CONNECTIONS 

NEGATIVE  LOW  IMPEDANCE  OUTPUT  OPERATION 


"l 
-vw- 


J  V  »  TO  lFH{.| .  HL 


_L      -L       'fr  "  55  «  4  »  'ref 


FOR  COMPLEMENTARY  OUTPUT  (OPERATION  AS  A  NEGATIVE  LOGIC  DACI. 
CONNECT  INVERTING  INPUT  OF  OP-AMI1  TO  fn  (PIN  1SI:  CONNECT  l„  IPIN  131 
TO  GROUND. 


POSITIVE  LOW  IMPEDANCE  OUTPUT  OPERATION 


^   OP-02^> 

T         1^       0  T< 


0  TO  lc„(-l .  Ri 


4095 

''"■SSe"4"1" 


FOR  COMPLEMENTARY  OUTPUT  (OPERATION  AS  A  NEGATIVE  LOGIC  OAC). 
CONNECT  NON-tNVERTING  INPUT  OF  OP-AMP  TO  iJJ  (PIN  191;  CONNECT 
l0  IP(N  181  TO  GROUNO. 


ACCOMMODATING.  BIPOLAR  REFERENCES 


vMfW 


l„ep  >  PEAK  NEGATIVE  SWING  OF  lIN 


VREFW  "REF 
RREF-R»  O-^" 


RIB 
(OPTIONAL) 

O  AV 


HIGH  INPUT 
IMPEDANCE 

VREF<*>  KU8T  BE  ABOVE  PEAK  POSITIVE  SWING  OF  VIN 


BASIC  NEGATIVE  REFERENCE  OPERATION 


vrefI-io- 


"ref'-i 
"ref 


NOTE: 

RREF  SETS  Ips;  R15  IS  FOR  A 
SIAS  CURRENT  CANCELLATION. 


RECOMMENDED  FULL-SCALE 
ADJUSTMENT  CIRCUIT 


BASIC  POSITIVE  REFERENCE  OPERATION 


MSB  usa 

BIB2B3B4B&B8B7B8BS  BIO  B11  B12 

Rbef      TiTaTaTs  Tb  T«Tt  Tb  TaTio  Ti  1 1n 
wRefW  iRtei 


i  r 


U.I 

r 


FOR  FIXED  REFERENCE. 
TTL  OPERATION. 
TYPICAL  VALUES  ARE: 
VREF  "  ♦'°«°V 


vwvT,  "REF""-0**" 

DIE  -  D  


PR 


vref'«'    «*k : 
""ref  «■"> 

Iq  ♦  ^  -  lFR  TOR  ALL 
LOGIC  STATES. 


Cg  -  OOltiF 

VLC  -  OV  (OROUNOI 


PULSED  REFERENCE  OPERATION 


O — A\^- 


VrefW 

9 

J  a  [  OPTIONAL  RESISTOR 
>   BEF  I  FOR  OFFSET  INPUTS 


[REQ*800fl 

ts 


ov-TL 

TYPICAL  VALUES: 
"IN  "  ™> 

RP-«n 
v,N(*l  -  IV 

 1  


/b 


i_r 


6 
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 pj^jN,  PAC-312 12-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 

BASIC  CONNECTIONS 

INTERFACING  WITH  VARIOUS  LOGIC  FAMILIES 


TTL 


HTL 
OVW 


FOR  »!5V  CMOS 
•  Ikll         VTH  ■  +7.6V 


■5 


T 


— <■ 


NOTES: 

1.  SET  THE  VOLTAGE  "A"  TO  THE  DES1REO  LOQIC 
INPUT  SWITCHING  THRESHOLD. 

2.  ALLOWABLE  RANGE  OF  LOGIC  THRESHOLD  IS 
TYPICALLY  -&V  TO  +13.6V  WHEN  OPERATING 
THE  DAC  ON  I15V  SUPPLIES. 


BIPOLAR  OFFSET  (TRUE  ZERO) 


OTE: 

CODE  MAY  BE  COMPLEMENTED  BY  REVERSING  l„  *  l0 


CODE  FORMAT 

OUTPUT  SCALE 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B3 

B9 

BIO 

B11 

B12 

(mA) 

(mA) 

VOUT 

Ollset  binary: 

Positive  full-scale 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3.999 

0.000 

9.99S1 

true  zero  output. 

Positive  full-scale  -LSB 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

3.998 

0.001 

9.9902 

+  LSB 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2.001 

1.998 

0.0O49 

Zero-scate 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.000 

1.999 

0.000 

-LSB 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1.999 

2.000 

-0.0049 

Negative  full-scale  +LSB 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.001 

3.988 

-9.9951 

Negative  full-scale 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.000 

3.999 

-10.000 

2  s  complement; 

Positive  full-scale 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3.999 

0.000 

9.9951 

true  zero  output 

Positive  full-scale  -LSB 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

3.998 

0.001 

9.9902 

MSB  complemented 

+  1  LSB 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2.001 

1.998 

.0.0049 

(Need  inverter  at  B1). 

Zero-scale 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.000 

1.999 

0.000 

-1  LSB 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1.999 

2.000 

-0.0049 

Negative  full-scale  +  LSB 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.001 

3.938 

-9.9951 

Negative  full-scale 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.000 

3.999 

-10.000 
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OAC-312  12-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


BASIC  CONNECTIONS 
BASIC  UNIPOLAR  OPERATION 


REF-01 
♦10V 


Vbef<«> 


VrefW 

B1 


VREF 

R14--£=7  -BIS  ^Ilfcfi 
1.0mA 


r 


"OUT 
— O 


>2£k 


CODE  MAY  BE  COMPLEMENTED  BY  REVERSING  l0  B  ij| 


MSB 

LSB 

•o 

•o 

CODE  FORMAT 

OUTPUT  SCALE 

B1 

B2 

B3 

B4 

BS 

B8 

B7 

Be 

BS 

B10 

B11 

B12 

(mA) 

(mA) 

Vout 

Straight  Binary; 

Positive  full-scale 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3.999 

0.000 

9.9976 

unipolar  with  true 

Positive  lull-Scale  -LSB 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

3.998 

0.001 

9.9951 

Input  coda,  true 

LSB 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.001 

3.998 

0.0024 

zero  output. 

Zero-scale 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.000 

3.999 

0.0000 

Complementary  binary; 

Positive  full-scale 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.000 

3.9S9 

9.9976 

unipolar  with 

Positive  full-scale -LSB 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.001 

3.998 

9.99S1 

complementary  input 

LSB 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

3.998 

0.001 

0.0024 

code,  true  zero  output. 

Zero-scale 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3.999 

0.000 

0.0000 

SYMMETRICAL  OFFSET  OPERATION 


REF-01 
•10V 


R14 

torn 


Vref"> 


r 


I 


OUT 

— o 


>BJ  >fl 
<  2.Sk     <  1. 


CODE  MAY  BE  COMPLEMENTED  BY  REVERSING  l0  & 


MSB 


CODE  FORMAT 

OUTPUT  SCALE 

B1 

B2 

B3 

B4 

BS 

BS 

B7 

B8 

B9 

B10 

B11 

B12 

(mA) 

(mA) 

VOUT 

Straight  olfset  binary; 

Positive  full-scale 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3.999 

0.00 

9.9976 

symmetrical  about  zero. 

Positive  full-scale  - 

LSB 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

3.998 

0.001 

9.9927 

no  true  zero  output. 

(+)  Zero-scale 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.000 

1.999 

0.0024 

(-1  Zero-scale 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1.999 

2.000 

-0.0024 

Negative  full-scale 

-LSB 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.001 

3.998 

-9.9927 

Negative  full-scale 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.000 

3.999 

-9.9976 

1's  complement; 

Positive  full-scale 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3.999 

0.000 

9.9976 

symmetrical  about  zero. 

Positive  futl-scale  - 

LSB 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

3.998 

0.001 

9.9927 

no  true  zero  output. 

(+1  Zero-scale 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.000 

1.999 

0.0024 

MSB  complemented 

(-)  Zero-scale 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1.999 

2.000 

-0.0024 

(need  Inverter  at  B1 1. 

Negative  full-scale 

-LSB 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.001 

3.9S8 

-9.9927 

Negative  full-scale 
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DAC-312 12-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


APPLICATIONS  INFORMATION 
REFERENCE  AMPLIFIER  SETUP 

The  DAC-312  is  a  multiplying  D/A  converter  in  which  the 
output  current  is  the  product  of  a  digital  number  and  the 
input  reference  current.  The  reference  current  may  be  fixed 
or  may  vary  from  nearly  zero  to +1  .OmA.  The  full  range  output 
current  is  a  linear  function  of  the  reference  current  and  is 
given  by: 

,FR  =  409§ X4X"hef>  =  3.999  l„EF. 
where  Iref  =  I u 

in  positive  reference  applications,  an  external  positive  refer- 
ence voltage  forces  current  through  R14  into  the  Vrefi+i 
terminal  (pin  14)  of  the  reference  amplifier.  Alternatively,  a 
negative  reference  may  be  applied  to  Vrefi-i  at  Pin  15.  Refer- 
ence current  flows  from  ground  through  R14  into  Vrefi+i  as 
in  the  positive  reference  case.  This  negative  reference  con- 
nection has  the  advantage  of  a  very  high  impedance  pre- 
sented at  pin  15.  The  voltage  at  pin  14  is  equal  to  and  tracks 
the  voltage  at  pin  15  due  to  the  high  gain  of  the  internal 
reference  amplifier.  R15  (nominally  equal  to  R14)  is  used  to 
cancel  bias  current  errors. 

Bipolar  references  may  be  accomodated  by  offsetting  VREF 
or  pin  15.  The  negative  common-mode  range  of  the  reference 
amplifier  is  given  by:  VCm"  =  V-  plus  (IrefX  3kO)  plus  1.23V. 
The  positive  common-mode  range  is  V+  less  1.8  V. 

When  a  DC  reference  is  used,  a  reference  bypass  capacitor  is 
recommended.  A  5.0V  TTL  logic  supply  is  not  recommended 
as  a  reference.  If  a  regulated  power  supply  is  used  as  a 
reference,  R14  should  be  split  into  two  resistors  with  the 
junction  bypassed  to  ground  with  a  0.1/uF  capacitor. 

For  most  applications  the  tight  relationship  between  iREFand 
lFs  will  eliminate  the  need  for  trimming  Iref-  If  required,  full 
scale  trimming  may  be  accomplished  by  adjusting  the  value 
of  R14,  or  by  using  a  potentiometer  for  R14.  An  improved 
method  of  full-scale  trimming  which  eliminates  potentiome- 
ter T.C.  effects  is  shown  in  the  Recommended  Full-Scale 
Adjustment  circuit. 

The  reference  amplifier  must  be  compensated  by  using  a 
capacitor  from  pin  16  to  V-.  For  fixed  reference  operation,  a 
0.01  ^F  capacitor  is  recommended.  For  variable  reference 
applications,  see  section  entitled  "Reference  Amplifier  Com- 
pensation for  Multiplying  Applications." 

MULTIPLYING  OPERATION 

The  DAC-312  provides  excellent  multiplying  performance 
with  an  extremely  linear  relationship  between  lFs  and  Iref 
over  a  range  of  1  mA  to  1  pA.  Monotonic  operation  is  main- 
tained over  a  typical  range  of  Iref  from  100pA  to  1.0mA. 
Although  some  degradation  of  gain  accuracy  will  be  realized 


at  reduced  values  of  Iref.  (See  Gain  Accuracy  vs  Reference 
Current). 

REFERENCE  AMPLIFIER  COMPENSATION  FOR 
MULTIPLYING  APPLICATIONS 

AC  reference  applications  will  require  the  reference  amplifier 
to  be  compensated  using  a  capacitor  from  pin  16  to  V-.  The 
value  of  this  capacitor  depends  on  the  impedance  presented 
to  pin  14  for  R14  values  of  1.0, 2.5  and  5.0kfl,  minimum  values 
of  Ccare  5, 10,  and  25pF.  Larger  values  of  R14  require  propor- 
tionately increased  values  of  Cc  for  proper  phase  margin. 

For  fastest  response  to  a  pulse,  low  values  of  R14  enabling 
small  Cc  values  should  be  used.  If  pin  14  is  driven  by  a  high 
impedance  such  as  a  transistor  current  source,  none  of  the 
above  values  will  suffice  and  the  amplifier  must  be  heavily 
compensated  which  will  decrease  overall  bandwidth  and 
slew  rate.  For  R14 = 1  kfl  and  Cc= 5pF,  the  reference  amplifier 
slews  at  4m  A/ps  enabling  a  transition  from  I  ref = 0  to  I ref = 
1  mA  in  250ns. 

Operation  with  pulse  inputs  to  the  reference  amplifier  may 
be  accommodated  by  an  alternate  compensation  scheme. 
This  technique  provides  lowest  full-scale  transition  times. 
An  internal  clamp  allows  quick  recovery  of  the  reference 
amplifier  from  a  cutoff  (IREf  -  0)  condition.  Full-scale 
transition  (0  to  1mA)  occurs  in  62.5ns  when  the  equivalent 
impedance  at  pin  14  is  800n  and  Cc  =  0.  This  yields  a 
reference  slew  rate  of  SmA/^s  which  is  relatively  indepen- 
dent of  Rin  and  V!N  values. 

LOGIC  INPUTS 

The  DAC-312  design  incorporates  a  unique  logic  input  circuit 
which  enables  direct  interface  to  all  popular  logic  families 
and  provides  maximum  noise  immunity.  This  feature  is  made 
possible  by  the  large  input  swing  capability,  40pA  logic  input 
current,  and  completely  adjustable  logic  threshold  voltage. 
For  V-  =  -15V,  the  logic  inputs  may  swing  between  -5  and 
+10V.  This  enables  direct  interface  with  +15V  CMOS  logic, 
even  when  the  DAC-312  is  powered  from  a  +5V  supply.  Min- 
imum input  logic  swing  and  minimum  logic  threshold  voltage 
are  given  by  :  V-  plus  (Iref  X  3kfl)  plus  1.8V.  The  logic 
threshold  may  be  adjusted  over  a  wide  range  by  placing  an 
appropriate  voltage  at  the  logic  threshold  control  pin  (pin  13, 
Vlc)-  Tne  appropriate  graph  shows  the  relationship  between 
Vlc  and  Vjh  over  the  temperature  range,  with  Vth  nominally 
1.4  above  VLC.  For  TTL  interface,  simply  ground  pin  13.  When 
interfacing  ECL,  an  IrefS  1mA  is  recommended.  For  inter- 
facing other  logic  families,  see  block  titled  "Interfacing  With 
various  Logic  Families".  For  general  setup  of  the  logic  con- 
trol circuit,  it  should  be  noted  that  pin  13  will  sink  7mA  typical; 
external  circuitry  should  be  designed  to  accommodate  this 
current. 
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ANALOG  OUTPUT  CURRENTS 

Both  true  and  complemented  output  sink  currents  are  pro- 
vided where  lo  +  'o  =  'fr-  Current  appears  at  the  "true"  output 
when  a  "1 "  is  applied  to  each  logic  input.  As  the  binary  count 
increases,  the  sink  current  at  pin  18  increases  proportionally, 
in  the  lashion  of  a  "positive  logic"  D/A  converter.  When  a  "0" 
is  applied  to  any  input  bit,  that  current  is  turned  off  at  pin  18 
and  turned  on  at  pin  19.  A  decreasing  logic  count  increases  lo 
as  in  a  negative  or  inverted  logic  D/A  converter.  Both  outputs 
may  be  used  simultaneously.  If  one  of  the  outputs  is  not 
required  it  must  still  be  connected  to  ground  or  to  a  point 
capable  of  sourcing  Irr;  do  not  leave  an  unused  output  pin 
open. 

Both  outputs  have  an  extremely  wide  voltage  compliance 
enabling  fast  direct  current-to-voltage  conversion  through  a 
resistortied  to  ground  or  other  voltage  source.  Positive  com- 
pliance is  25V  above  V-  and  is  independent  of  the  positive 
supply.  Negative  compliance  is  +  10V  above  V-. 

The  dual  outputs  enable  double  the  usual  peak-to-peak  load 
swing  when  driving  loads  in  quasi-differential  fashion.  This 
feature  is  especially  useful  in  cable  driving,  CRT  deflection 
and  in  other  balanced  applications  such  as  driving  center- 
tapped  coils  and  transformers. 

POWER  SUPPLIES 

The  DAC-312  operates  over  a  wide  range  of  power  supply 
voltages  from  a  total  supply  of  20V  to  36V.  When  operating 
with  V-  supplies  of  -10V  or  less,  Iref-  1  m  A  is  recommended. 
Low  reference  current  operation  decreases  power  consump- 
tion and  increases  negative  compliance,  reference  amplifier 
negative  common-mode  range,  negative  logic  input  range, 
and  negative  logic  threshold  range;  consult  the  various  fig- 
ures for  guidance.  For  example,  operation  at-9V  with  Iref= 
1mA  is  not  recommended  because  negative  output  com- 
pliance would  be  reduced  to  near  zero.  Operation  from  lower 
supplies  is  possible,  however  at  least  8V  total  must  be  applied 
to  insure  turn-on  of  the  internal  bias  network. 

Symmetrical  supplies  are  not  required,  as  the  DAC-312  is 
quite  insensitive  to  variations  in  supply  voltage.  Battery 
operation  is  feasible  as  no  ground  connection  is  required; 
however,  an  artificial  ground  may  be  used  to  insure  logic 
swings,  etc.  remain  between  acceptable  limits. 

TEMPERATURE  PERFORMANCE 

The  nonlinearity  and  monotonicity  specifications  of  the 
DAC-312  are  guaranteed  to  apply  over  the  entire  rated  oper- 
ating temperature  range.  Full-Scale  output  current  drift  is 
tight,  typically  ±10ppm/°C,  with  zero-scale  output  current 
and  drift  essentially  negligible  compared  to  1/2  LSB. 

The  temperature  coefficient  of  the  reference  resistor  R14 
should  match  and  track  that  of  the  output  resistor  for  min- 


imum overall  full-scale  drift.  Settling  times  of  the  DAC-312 
decrease  approximately  10%  at-55°C;  at+  125°C  an  increase 
of  about  15%  is  typical. 

SETTLING  TIME 

The  DAC-312  is  capable  of  extremely  fast  settling  times, 
typically  250ns  at  Iref=  1  -0mA.  Judicious  circuit  design  and 
careful  board  layout  must  be  employed  to  obtain  full  perfor- 
mance potential  during  testing  and  application.  The  logic 
switch  design  enables  propagation  delays  of  only  25ns  for 
each  of  the  12  bits.  Settling  time  to  within  1/2  LSB  of  the  LSB 
is  therefore  25ns,  with  each  progressively  larger  bit  taking 
successively  longer.  The  MSB  settles  in  250ns,  thus  deter- 
mining the  overall  settling  time  of  250ns.  Settling  to  10-bit 
accuracy  requires  about  SO  to  130ns.  The  output  capacitance 
of  the  DAC-312  including  the  package  is  approximately  20pF; 
therefore,  the  output  RC  time  constant  dominates  settling 
time  if  R|_>  500O 

Settling  time  and  propagation  delay  are  relatively  insensitive 
to  logic  input  amplitude  and  rise  and  fall  times,  due  to  the 
high  gain  of  the  logic  switches.  Settling  time  also  remains 
essentially  constant  for  lREF  values  down  to  0.5mA,  with 
gradual  increases  for  lower  Iref  values  lies  in  the  ability  to 
attain  a  given  output  level  with  lower  load  resistors,  thus 
reducing  the  output  RC  time  constant. 

Measurement  of  the  settling  time  requires  the  ability  to  accu- 
rately resolve  ±  1/2  LSB  of  current,  which  is  ±500n A  for  4mA 
FSR.  In  order  to  assure  the  measurement  is  of  the  actual 
settling  time  and  not  the  R.C.  time  of  the  output  network,  the 
resistive  termination  on  the  output  of  the  DAC  must  be 
500  ohms  or  less.  This  does,  however,  place  certain  limita- 
tions on  the  testing  apparatus.  At  Iref  values  of  less  than 
0.5m  A,  it  is  difficult  to  prevent  RC  dampi  ng  of  the  output  and 
maintain  adequate  sensitivity.  Because  the  DAC-312  has  8 
equal  current  sources  for  the  3  most  significant  bits,  the 
major  carry  occurs  at  the  code  change  of  000111111111  to 
111000000000.  The  worst  case  settling  time  occurs  at  the  zero 
to  full-scale  transition  and  it  requires  9.2  time  constants  for 
the  DAC  output  to  settle  to  within  ±1/2  LSB  (0.0125%)  of  its 
final  value. 

The  DAC-312  switching  transients  or  "glitches"  are  on  the 
order  of  500mV-ns.  This  is  most  evident  when  switching 
through  the  major  carry  and  may  be  further  reduced  by 
adding  small  capacitive  loads  at  the  output  with  a  minor 
sacrifice  in  transition  speeds. 

Fastest  operation  can  be  obtained  by  using  short  leads,  min- 
imizing output  capacitance  and  load  resistor  values,  and  by 
adequate  bypassing  at  the  supply,  reference,  and  VLc  termi- 
nals. Supplies  do  not  require  large  electrolytic  bypass  capac- 
itors as  the  supply  current  drain  is  independent  of  input  logic 
states;  0.1  /iF  capacitors  at  the  supply  pins  provide  full  tran- 
sient protection. 
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OAC-312  12-BIT  HIGH-SPEED  MULTIPLYING  D/A  CONVERTER 


DIFFERENTIAL  vs  INTEGRAL  NONLINEARITY 

Integral  nonlinearity,  for  the  purposes  of  the  discussion,  ref- 
ers to  the  "straightness"  of  the  line  drawn  through  the  indi- 
vidual response  points  of  a  data  converter.  Differential  nonli- 
nearity, on  the  other  hand,  refers  to  the  deviation  of  the 
spacing  of  the  adjacent  points  from  a  1  LSB  ideal  spacing. 
Both  may  be  expressed  as  either  a  percentge  of  full-scale 
output  or  as  fractional  LSBs  or  both.  The  following  figures 
define  the  manner  in  which  these  parameters  are  specified. 
The  left  figure  shows  a  portion  of  the  transfer  curve  of  a  DAC 
with  1/2  LSB  INLand  the  (implied)  DNL  spec  of  1  LSB.  Below 
this  is  a  graphic  representation  of  the  way  this  would  appear 
on  a  CRT,  for  example,  if  the  D/A  Converter  output  were  to  be 
applied  to  the  Y  input  of  a  CRT  as  shown  in  the  application 
schematic  titled  "CRT  Display  Driver".  On  the  right  is  a  por- 
tion of  the  transfer  curve  of  a  DAC  specified  for  2  LSB  INL 
with  1/2  LSB  DNL  specified  and  the  graphic  display  below  It. 

DIFFERENTIAL  LINEARITY  COMPARISON  


D/A  CONVERTER  WITH 
±1/2  LSB  INL,  ±1  LSB  DNL 


0000  0010  0100  0110  1000   1010  1100  1110 
0W1    0011  0101   0111   1001    1011   1101  1111 
DIGITAL  INPUTS 


One  of  the  characteristics  of  an  R-2R  DAC  in  standard  form  is 
that  any  transition  which  causes  a  zero  LSB  change  (i.e.  the 
same  output  for  two  different  codes)  will  exhibit  the  same 
output  each  time  that  transition  occurs.  The  same  holds  true 
for  transitions  causing  a  2  LSB  change.  These  two  problem 
transitions  are  allowable  for  the  standard  definition  of  mono- 
tonicity  and  also  allow  the  device  to  be  specified  very  tightly 
for  INL.  The  major  problem  arising  from  this  error  type  Is  in 
A/D  converter  implementations,  inputs  producing  the  same 
output  are  now  represented  by  ambiguous  output  codes  for 
an  identical  input.  Also,  2  LSB  gaps  can  cause  large  errors  at 
those  input  levels  (assuming  1/2  LSB  quantizing  levels).  It 
can  be  seen  from  the  two  figures  that  the  DNL  specified  D/A 
converter  will  yield  much  finer  grained  data  than  the  INL 
specified  part,  thus  improving  the  ability  of  the  A/D  to  resolve 
changes  in  the  analog  input. 


D/A  CONVERTER  WITH 
±2  LSB  INL,  ±1/2  LSB  DNL 


O010  0100  0110  1000  1010    1100  1110  0000 
0011   0101  0111  1001    1011   1101    1111  0001 
DIGITAL  INPUTS 


VIDEO  DEFLECTION  BY  DACs 


ENLARGED  "POSITIONAL"  OUTPUTS 


VIDEO  DEFLECTION  BY  DACs 

r  


ENLARGED  "POSITIONAL"  OUTPUTS 
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DAC-312 12-BIT  HIGH-8PEED  MULTIPLYING  D/A  CONVERTER 


DESCRIPTION  OF  OPERATION 

The  DAC-312  is  divided  into  two  major  sections,  an  8- 
segment  generator  and  a  9-bit  master/slave  D/A  Converter. 
In  operation  the  device  performs  as  follows  (See  Simplified 
Schematic): 

The  three  most  significant  bits  (MSB's)  are  inputs  to  a  3-to-8 
line  decoder.  The  selected  resistor  (R5  in  the  figure)  is  con- 
nected to  the  master/slave.  9-bit  D/A  Converter.  All  lower 
order  resistors  (R1  through  R4)  are  summed  into  the  loline, 
while  alljjigher  order  resistors  (R6  through  R8|  are  summed 
into  the  lo  line.  The  RS  current  supplies  512  steps  of  current 
(0  to  0.499mA  for  a  1mA  reference  current)  which  are  also 
summed  Into  the  l0or  felines  depending  on  the  bits  selected. 
In  the  figure,  the  code  selected  is:  100 110000000.  Therefore, 
2mA  (4  X  0.5mA/segment )  +0.375mA  (from  master/slave  D/A 
Converter)  are  summed  into  lo  giving  an  lo  of  2.375mA.  Jo" 
has  a  current  of  1 .625mA  with  this  code.  As  the  three  MSB's 
are  incremented,  each  successively  higher  code  adds  0.5mA 
to  lo  and  subtracts  0.5mA  from  lo,  with  the  selected  resistor 
feeding  its  current  to  the  master/slave  D/A  Converter;  thus 
each  increment  of  the  3  MSB's  allows  the  current  in  the  9-bit 
D/A  Converter  to  be  added  to  a  pedestal  consisting  of  the 
sum  of  all  lower  order  currents  from  the  segment  generator. 
This  configuration  guarantees  monotonicity. 


EXPANDED  TRANSFER  CHARACTERISTIC 
SEGMENT  (001  010  011) 
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DAC-312 12-BIT  HI6H-SPEED  MULTIPLYING  P/A  CONVERTER  , 


12-BIT  FAST  A/D  CONVERTER 
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DAC-888 

BYTEDAC®  8 -BIT  HIGH-SPEED  "MICROPROCESSOR  COMPATIBLE" 

MULTIPLYING  D/A  CONVERTER 


FEATURES 

•  8-Bft  Level  Triggered  Litch 

•  8-Blt  »»P  Compatible 

•  Easily  Interfaced  to  All  8-Blt  Processor* 

•  TTL  Logic  Compatible 

•  "CTandWR"  Inputs 

•  High  Output  Impedance  and  Compliance 

•  Proven  DAC-08  Analog  Flexibility  and  Reliability 

•  Nonllnearity  to  +0.1%  Max 

•  Low  Power  Dissipation  .".  134mW 


ORDERING  INFORMATIONt 


18-PIN  HERMETIC  DUAL-IN-UNE  PACKAGE 

NL 

MILITARY 

INDUSTRIAL 

«FS 

TEMP. 

TEMP. 

0.1 

OAC688AX* 

DAC888EX 

0.19 

DAC88SBX* 

DAC888FX 

*  For  devices  processed  in  lolel  compliance  to  MIL-STD-883,  add  /8S3  after 
part  number.  Consult  factory  lor  683  data  sheet. 

tBum-ln  Is  available  on  commercial  and  Industrial  temperature  range  parts  in 
cerdlp,  plastic  dip,  and  TO-can  packages.  For  ordering  Information,  see  1883 
Oala  Book,  Section  2. 

GENERAL  DESCRIPTION 

The  BYTEDAC*  DAC-888  Is  a  buffered  8-bit  digital-to- 
analog  converter  designed  specifically  for  8-bit  bus  oriented 
systems.  The  data  inputs  are  connected  to  level-triggered 
latches.  Two  active-low  control  pins  are  provided  for  ease  of 
Interface  to  virtually  all  available  microprocessors.  The 


latches  may  also  be  operated  in  a  transparent  mode  by 
holding  both  control  pins  low.  Additionally,  the  DAC-888  has 
a  data  hold  time  requirement  of  zero  nanoseconds. 

The  Analog  section  consists  of  a  "Field-Proven"  DAC-08  D/A 
Converter.  Monotonic  multiplying  performance  is  attained 
over  a  wide  20  to  1  reference  current  range.  Matching  to 
within  1  LSB  between  reference  and  full-scale  currents 
eliminates  full-scale  adjustment  in  most  applications. 

DAC-888  applications  include  graphic  display  drivers,  high- 
speed modems,  A/D  converters,  programmable  waveform 
generators  and  power  supplies,  analog  meter  drivers,  audio 
encoders  and  programmable  attenuators;  and  other  applica- 
tions where  low  cost,  high  speed  and  buffered  flexibility  are 
required. 

PIN  CONNECTIONS 


use  db,  rr  • 

iTJ  V* 

«]  CE 

08,  E 

ID  ra 

D84(7 

7TJ  V- 

DB,  (7 

13  'out 

082Lt 

H)  "OUT 

OB,  (7 

lTJ  COMP 

US  DBg  fT 

ID  VrefI-i 

ond  rr 

33  «REF<*I 

18-PIN  HERMETIC 
DUAL-IN-LINE 
PACKAGE 
(X-Sufflx) 


00 


o 

o 
o 

3 


o 

i 

o 

Q 


FUNCTIONAL  DIAGRAM 


D8f  OBq  085  l»4  DB3  OBj  OB|  DBg 
MSB  OOOQOOOOLSB 


c£o- 


vMfWc- 


vBEFMo_ 


CONTROL 
LOGIC 


8-BIT  MULTIPLYING  OAC 


T 


-o  'out 


Manufactured  under  one  or  more  of  the  following  patents:  4.055.773;  4.056.740;  4.092.639 
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DAC-888  BYTEDAC*  8-BIT  HIGH-SPEED  "MICROPROCESSOR  COMPATIBLE"  MULTIPLYING  D/A  CONVERTER 


ABSOLUTE  MAXIMUM  RATINGS 


Operating  Temperature 

DAC-888 A/B  -55°Ct6+125°C 

DAC-888  E/F  -25°Cto+85°C 

DICE  Junction  Temperature  (Tj)   -65°Cto+150°C 

Storage  Temperature     -65oCto+150°C 

Power  Dissipation    300m W 

Derate  above  100°  C   lOmvWC 

Lead  Temperature  (Soldering,  60  sec)   300°  C 

V+ Supply  to  V- Supply   18.1V 


Logic  Inputs  .    0V  to  5.5V 

Analog  Current  Outputs   -5mA 

Reference  Inputs  (V10to  Vlt)   V-  to  V+ 

Reterence  Input  Differential  Voltage 

(VtotoV,,)   ±15V 

Reference  Input  Current   5mA 


NOTE:  Absolute  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  V+  =  +5V,  V-  =  -12V,  lREF  =  2mA,  TA  =  -55°C  to  +125° C  for  DAC-888A/B,  unless 
otherwise  noted.  TA  =  25°  C  to  +85°  C  apply  for  DAC-888E/F.  Output  characteristics  refer  to  both  I  out  and  rgoT- 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC-888A/E 

MIN        TYP  MAX 

DAC-888B/F 

MIN       TYP  MAX 

UNITS 

Resolution 

8  — 

8 

Bits 

Monotonicity 

8  — 

- 

8 

- 

- 

Bits 

Nonlinearity 

NL 

±0.1 

+0.19 

%FS 

Full-Scale  Tempco 

TCIFS 

i  See  note  i 

-  ±10 

±50 

- 

+  10 

+80 

ppm/*C 

Output  Voltage 
Compliance 

Voc 

Full-Scale  Current 
Change  <  1/2  LSB 

-5  — 

+5 

-5 

+  5 

V 

Output  Impedance 

"OUT 

—  >20 

>20 

Mtl 

Full  Range  Current 

'fb 

VHEF  =  10.000V 
P.,,,  R,0=5.000k1l 
T*  =  25" C 

1.94  1.99 

2.04 

1.94 

1.99 

2.04 

mA 

Full  Range 
Symmetry 

'frs 

jFR14  -  'fRI3 

—  ±1 

±8 

±1 

+8 

MA 

Zero-Scale  Current 

Izs 

-  0.2 

2 

0.2 

2 

mA 

Output  Current 
Range 

'fsr 

Iref  =  3rnA 

2.1.  2.9 

2.1 

2.9 

'mA 

Reference  Bias 
Current 

'e, 

-  -1 

-3 

-1 

-3 

pA 

Power  Supply 
Sensitivity 

PSSIFH, 
PSSIFn. 

V+  =  4.5V  to  5.5V 
V-  =  -10.BV  to -13.2V 
'ref  =  ,mA 

-  ±0.0003 

—  ±0.0002 

±0.01 
±0.01 

±0.0003 
±0.0002 

±0.01 
±0.01 

%AIFs'%'iV+ 
"Stillfs/IWV- 

Power  Supply 
Current 

1+ 
1- 

'ref  =  2mA 

—  12 

—  6 

16 
9 

12 
6 

16 
9 

mA 

Power  Dissipation 

Pd 

•ref=  2rnA 

—  134 

190 

134 

190 

mW 

Logic  Input  Levels 
Logic  Input  "0" 
Logic  Input  "1" 

V,H 

2  — 

0.8 

2 

0.8 

V 

Logic  Input  Current 
Logic  Input  "0" 
Logic  Input  "V 

IlL 

v,N  =  ov 

V,N  =  5.25V 

—  -2 

—  0.1 

-10 
1 

-2 
0.1 

-10 
1 

„A 

NOTE:  Guaranteed  by  design. 
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DAC-888  BYTEOAC*  8-BIT  HIGH-SPEED  "MICROPROCESSOR  COMPATIBLE"  MULTIPLYING  D/A  CONVERTER 


ELECTRICAL  CHARACTERISTICS  -  A.C.  PARAMETERS  Vs  =  +SV,  -12V,  lREF=  2mA,  TA=  25°C. 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC-888 A/E 

MIN      TYP  MAX 

DAC-888B/F 
MIN     TYP  MAX 

UNIT8 

Settling  Time 

<s 

FromTJE  4  WH  Negative  Level 
to  ±1/2LSB,  All  Bits  Switched 
ON  or  OFF.  (See  note) 

—      300  400 

—  300 

400 

ns 

Reference  Input 
Slew  Rate 

(See  Note) 

4         8  — 

4  8 

mA/fis 

Data  Input  Setup  Time  tos 

(See  note) 

150        —  — 

150  — 

ns 

Data  Input  Hold  Time  tDH 

(See  note) 

10        —  — 

10  - 

no 

Chip  Enable/Write  Pulse  Width  tram 

(See  note) 

250        -  — 

250  - 

— 

ns 

NOTE:  Guaranteed  by  design. 

DAC-888  PIN  DESCRIPTION 

SYMBOL 

DESCRIPTION 

DB0-DB7 

DATA  BIT  —  Bits  0-7  are  digital,  active-high  inputs.  DB7  Is  assigned  as  the  MSB. 

PINS  1-8 

~CE 

CHIP  ENABLE  —  An  active  low  input  control  which  is  the  device  enable  Input  terminal. 

PIN  17 

WH 

WRITE  CONTROL  —  An  active  low  control  which  enables  the  microprocessor  to  write  data  to  the  DAC. 

PIN  16 

'out*  'out 

CURRENT  OUTPUT  —  Complementary  current  outputs,  which  when  added,  equal  lFs. 

PINS  13-14 

VREF+.  VreF- 

VOLTAGE  REFERENCE  —  Differential  inputs  that  accept  a  negative,  positive,  or  bipolar  input  and  are  used  to  set  lFs. 

PINS  10-11 

COMP 

COMPENSATION  —  The  reference  amplifier  frequency  compensating  terminal. 

PIN  12 

FUNCTIONAL  DIAGRAM  AND  TIMING  DIAGRAM  FOR  8-BIT  OPERATION 

TO  8-BIT  DATA  SUS 


2.50OU1, 
♦5.0OCVO  WV— 


DBj  D8s  08s  OB4  DBS  DB2  081  080 

Is  Te 


H'l'H'H'l" 


DATA  . 

INPUT 


CONTROL  ft  LATCHES 


DAC 

VREF-  iouT> 
COMP     V-      OWD       V*  / 


12 

aoiuF 


■«-  tDH— j 


z 


■out  ■ 


r 


NOTE;  IF  INPUT  DATA  CHANGES  AFTER  (Wit  •EC)  LOW  AND  BEFORE  [(WH*  CE) 
HIGH -lotl.  W'ouT CHANGE. THE  LAST  DATA  BEFORE  |(WBTc"E)  HIGH 
-  1Da]  WILL  BE  LATCHED  PROVIDED  DATA  VALID  IS  HELD  FOR  flDt  (MIN]  -•  1DH 
|MIK>>' 


OPERATION  TABLE 


"CE 

WH 

OUTPUT 

I 

X 

NO  CHANGE 

o 

1 

NO  CHANGE 

o 

o 

UPDATE  LATCHES (TRANSPARENT) 
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\  DAC-888  BYTEDAC*  8-BIT  HIGH-SPEED  "MICROPHOCESSOH  COMPATIBLE"  MULTIPLYING  D/A  CONVERTER 


DICE  CHARACTERISTICS 


DIE  SIZE  0.141  X  0.127  inch,  17,  907  sq.  mils 
(3.58  X  3.23  mm,  11.56  sq.  mm) 


1.  DB7  (MSB)  10.  VflEF((  ) 

2  DB6  11.  VBEF(-) 

3.  DBS  12.  COMP 

4.  DB4  13.  I0UT 

5.  DB3  14.  lOUT 

6.  OB 2  15.  V- 

7.  DB1  16.  WR 

8.  DBO(LSB)  17.  CE 

9.  GROUND  18.  V+ 


For  additional  DICE  ordering  Mormallon, 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs  =  +5,-12V,  lRpF  =  2mA,  TA  =  25°C,  unless  otherwise  noted.  Output  characteristics  refer  to  both 
I  out  and  I  out- 


DAC-888N  DAC-888G 

PARAMETER  SYMBOL  CONDITIONS  LIMIT  LIMIT 


Monotonicity 

8 

8 

Bits  MIN 

Nonlinearity 

±0.1 

+0.19 

%FS  MAX 

Output  Voltage 
Compliance 

Voc 

Full-Scale  Current 
Change  <  1/2  LSB 

+5 

+  5 

V  MAX 

ROUT>20M(1  Typ. 

-5 

-5 

VMIN 

VREF  =  10.000V 

Full  Range  Current 

'FRI4 

R„,  R10=»  5.000M1 

2.04 

2.04 

mA  MAX 

TA  =  25'C 

1.94 

1.94 

mA  MIN 

Full  Range  Symmetry 

■frs 

'FRlJ-lFni3 

±8 

±8 

HA  MAX 

Zero-Scale  Current 

izs 

2 

2 

(.A  MAX 

Output  Current  Range 

'fsr 

lREF  =  3mA 

2.1 

2.1 

mA  MIN 

Reference  Bias  Current 

Id 

-3 

-3 

«A  MAX 

Power  Supply 

PSSIFRt 

V+  =  4.5V  10  5.5V 

±0.01 

±0.01 

1U/FS/%.1V  +  MAX 

Sensitivity 

PSSIFR_ 

V-  =  -10.8V  to-13.2V.  lREf=  1mA 

±0.01 

±0.01 

%A/Fg/%.W-  MAX 

Power  Supply 
Current 

1  + 
1- 

lREF  =  2mA 

16 
9 

16 
9 

mA  MAX 

Power  Dissipation 

Pu 

lREF  =  2mA 

190 

190 

mW  MAX 

Logic  Input  Levels 

Logic  Input  "0" 

VlL 

0.8 

08 

V  MAX 

Logic  Input  "1" 

V,M 

2 

2 

V  MIN 

Logic  Input  Current 

l1L 
I.M 

V,N-0V 
V1N  =  5.25V 

-10 
1 

-10 
1 

,iA  MAX 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  V+  =  +5V,  -12V,  lREF  =  2mA,  TA  =  25° C.  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC-888 
TYPICAL 

UNITS 

Reference  Input  Slew  Rate 

dl/dt 

8.0 

mA/ps 

Settling  Time 

's 

From  CE  Negative  Edge  to  ±  1/2  LSB, 
All  bits  Switched  ON  or  OFF 

300 

ns 

Data  Input  Setup  Time 

>DS 

100 

ns 

Data  Input  Hold  Time 

'dh 

0 

ns 

Chip  Enable 
Write  Pulse  Width 

lENW 

200 

ns 
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DAC-688  BYTEDAC*  8-BIT  HIGH-SPEED  "MICROPROCESSOR  COMPATIBLE"  MULTIPLYING  D/A  CONVERTER 


DIGITAL  INFORMATION 

The  BYTEDAC®  DAC-888  is  a  monolithic  microprocessor 
compatible  D/A  converter  consisting  of  an  8-bit  level 
triggered  latch,  control  circuitry  and  one  8-bit  multiplying 
D/A  converter  housed  in  an  18-pin  dual  in  line  package  (DIP). 

The  DAC-888  accepts  8-bit  binary  bytes  at  the  data  inputs. 
Data  access  is  accomplished  when  WR  and  CE  are  low. 
During  the  low  state  of~C~E  and  WR,  the  latches  are  trans- 
parent, therefore,  data  should  be  valid  from  100ns  prior  to  WR 
and"Ef  low  untifCE  or  WR  high.  When"CE  or  WR  goes  high, 
the  data  stored  in  the  latches  will  hold  the  selected  output 
indefinitely. 

ANALOG  INFORMATION 

BASIC  POSITIVE  REFERENCE  OPERATION 


D87  06g  D85  D04  DBa  D02  DBf  OQo 


•5.000V, 
R6F 
IREF 


"REF 
RT0  , 


CONTROL  ft  LATCHES 


VREF- 
COMP 

O.OInF 

HI- 


DAC 
CND 


'ipr    v.  «|ir 

l-HrjL 


FOR  FIXEO  REFERENCE.  TTL  OPERATION  TYPICAL 

VALUES  ARE: 

RflEF-«°«* 

Rtt-RREF 


,FB  RREF  ' »! 
'OUT  *  "OUT  "  IFR 
FOR  ALL  LOGIC  STATES 


REFERENCE  AMPLIFIER  SET-UP 

The  DAC-888  is  a  multiplying  D/A  converter  in  which  the 
output  current  is  the  product  of  a  digital  number  and  the 
input  reference  current.  The  reference  current  may  be  fixed 


or  may  vary  from  nearly  0  to  +4.0mA.  The  full  range  output 
currrent  is  a  linear  function  of  the  reference  current  and  is 
given  by: 


If 


255 
'256 


x|nEF  where  lREF=110 


In  positive  reference  applications,  an  external  positive  refer- 
ence voltage  current  flows  through  Rto  into  the  VHEf(+)  ter- 
minal of  the  reference  amplifier.  Alternatively,  a  negative 
reference  may  be  applied  to  VrefmI  reference  current  flows 
from  ground  through  R10  into  Vref(+)  as  in  the  positive  refer- 
ence case.  This  negative  reference  connection  has  the 
advantage  of  a  very  high  impedance  presented  at  pin  11 .  The 
voltage  at  pin  10  is  equal  to  and  tracks  the  voltage  at  pin  11 
due  to  the  high  gain  of  the  internal  reference  amplifier.  R,i 
(nominally  equal  to  R10)  is  used  to  cancel  bias  current  errors; 
R,,  may  be  eliminated  with  only  a  minor  increase  in  error. 

For  most  applications  the  tight  relationship  between  lREFand 
I  Fr  will  eliminate  the  need  for  trimming  IREf-  If  required, 
full-scale  trimming  may  be  accomplished  by  adjusting  the 
value  of  R10or  by  using  a  potentiometer  for  R10  An  Improved 
method  of  full-scale  trimming  which  eliminates  potentio- 

BASIC  NEGATIVE  REFERENCE  OPERATION 


MSB  LSB 
OB?  OB6  DBG  DB4  DB3  082  OBl  OBq 


RREF 
R10 


J— W 
R11  . 

-VREFO  VW-! 


CONTROL  &  LATCHES 


iourV— 
'out/ 

r  J,s  h  1" 


DAC 
GNP 


RREF  2S8 

NOTE:  Rref  SETS  IFS:  R»  IS  FOR  BIAS  CURRENT  CANCELLATION 
AND  IS  EQUAL  TO  Rref- 


Pi 


O 

o 
o 

3 


I 

i 

o 

Q 


BASIC  UNIPOLAR  NEGATIVE  OPERATION 


LSB 

007  D&e  OBs  DB4  OB3  D82  DBf  DBo 
999OOO09 


CONTROL  a  LATCHES 


VREF- 
COMP  V- 


1"  J*  i  1" 


EOUT 
T  2.6001c 

13  2A00h 

EOUT 


087  DBS  DBS  DB4  DB3  DB2  DB1  080  lomA  IgmA 

Eo 

E0 

FULL-SCALE 

1 

1 

1 

1 

1 

1 

1 

1 

1.992  0.000 

-4.960 

0.000 

FULL-SCALE  -1  LSB 

1 

1 

1 

1 

1 

1 

1 

0 

1.984  0.003 

-4.960 

-0.020 

HALF-SCALE +1  LSB 

1 

0 

0 

0 

0 

0 

0 

1 

1.008  0.984 

-2.520 

-2.460 

HALF-SCALE 

1 

0 

0 

0 

0 

0 

0 

0 

1.000  0.992 

-2.500 

-2.460 

HALF-SCALE -1  LSB 

0 

1 

1 

1 

1 

1 

1 

1 

0992  1.000 

-2.4S0 

-2.500 

ZERO-SCALE  +1  LSB 

0 

0 

0 

0 

0 

0 

0 

1 

0.008  1.984 

-0.020 

-4.960 

ZERO-SCALE 

0 

0 

0 

0 

0 

0 

0 

0 

0.000  1.992 

-0.000 

-4.980 
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DAC-888  BYTEDACe  8-BIT  HIGH-SPEED  "MICROPROCESSOR  COMPATIBLE"  MULTIPLYING  D/A  CONVERTER 


RECOMMENDED  FULL-SCALE  ADJUSTMENT  CIRCUIT 


TABLE  1.  REFERENCE  AMPLIFIER  COMPENSATION 


19 


RIO 
IOWT.C. 
IREF*  -  JmA  *Sk 

•S.C0OV  ~ 
BEF 


O87  OBe  DBS  084  DBj  082  DB|  DBo 

I'M' 1 1' I'M' 


CONTROL*  LATCHES 


BR 


VREF- 
COMF  V- 


n  |i6 


meter  TC  effects  is  shown  in  the  Recommended  Full  Scale 
Adjustment  Circuit. 

Using  lower  values  of  reference  current  reduces  negative 
power  supply  current  and  increases  reference  amplifier  neg- 
ative common  mode  range.  The  recommended  range  for 
operation  with  a  DC  reference  current  is  +0.2mA  to  +  4.0mA. 

The  reference  amplifier  must  be  compensated  by  using  a 
capacitor  from  pin  12  to  V-.  For  fixed  reference  operation  a 
0.01  aiF  capacitor  is  recommended.  For  variable  reference 
applications,  see  "Reference  Amplifier  Compensation  for 
Multiplying  Applications"  section. 

REFERENCE  AMPLIFIER  COMPENSATION  FOR 
MULTIPLYING  APPLICATIONS 

AC  reference  applications  will  require  the  reference  ampli- 
fier to  be  compensated  using  a  capacitor  from  pin  12  to  V-. 
The  value  of  this  capacitor  depends  on  the  impedance  pres- 
ented to  pin  10  (see  Table  1 ). 


REF.  INPUT  RESISTANCE 

SUGGESTED  Cc 

ikn 

15pF 

2.5kn 

37pF 

skn 

75pF 

NOTE:  A  0.01  jiF  capacitor  Is  suggested  for  fixed  references. 

For  fastest  response  to  a  pulse,  low  values  of  Rio,  enabling 
small  Cc  values,  should  be  used.  If  pin  10  Is  driven  by  a  high 
current  source,  none  of  the  above  values  will  suffice  and  the 
amplifier  must  be  heavily  compensated  which  will  decrease 
overall  bandwidth  and  slew  rate.  For  Rio  =  1kn  and  Cc  = 
1SpF,  the  reference  amplifier  slews  at  4mA/ps,  enabling  a 
transition  from  lREF  =  0  to  Iref  =  2mA  in  500ns  (see  Figure, 
pulsed  reference  operation). 

Bipolar  references  may  be  accommodated  by  offsetting  VREF 
or  pin  11 ,  as  shown  in  Figure  below.  The  negative  common- 
mode  range  of  the  reference  amplifier  is  given  by  VCM  =  V- 
plus  (I ref  X  1kfi)  plus  2.5V.  The  positive  common-mode 
range  is  V+  less  1.5V. 

When  a  DC  reference  is  used,  a  reference  bypass  capacitor  is 
recommended.  A  5.0V  TTL  Logic  supply  is  not  recom- 
mended as  a  reference.  If  a  regulated  power  supply  is  used  as 
a  reference,  Rio  should  be  split  into  two  resistors  with  the 
junction  bypassed  to  ground  with  a  0.1/iF  capacitor. 

ANALOG  OUTPUT  CURRENTS 

Both  true  and  complemented  output  sink  currents  are  pro- 
vided, where  lo  +  (o  =  'fr-  Current  appears  at  the  "true" 
output  when  a  "1 "  is  applied  to  each  logic  input.  As  the  binary 
count  increases,  the  sink  current  at  pin  14  increases  propor- 
tionally in  the  fashion  of  a  "positive  logic"  D/A  converter. 
When  a  "0"  is  applied  to  any  input  bit,  that  current  Is  turned 
off  at  pin  14and  turned  on  at  pin  13.  A  decreasing  logic  count 
increases  lo  as  in  a  negative  or  inverted  logic  D/A  converter. 
Both  outputs  may  be  used  simultaneously.  If  one  of  the 
outputs  is  not  required  it  must  still  be  connected  to  ground  or 
to  a  point  capable  of  sourcing  Ifs:  do  not  leave  an  unused 
output  pin  open. 


ACCOMMODATING  BIPOLAR  REFERENCES 


r 


lREF  >  NEGATIVE  SWING  OF  t|N 


D87  D3e  DBfi  OB4  DB3  OB2  06 1  O80 

nmm- 


CONTROL  61  LATCHES 


DAC 

VREF-  IdUTV 
COM?     V-      GNO       V»  j 


ji2      is     1 9  |ia 


«REF  . 

♦vrefO-^Wv-* 


13  R1t  11 

-i-O    V|N  r\j  o— vw^ 


(OPTIONAL) 


MSB  LSB 
DB7  DBs  DB5  OB4  DB3  OBz  OBi  OBq 


1 1"  \  \  \  f  I'  \ 


CONTROL  &  LATCHES 


vhef-  "OUT> 

COM?     V-      GNO       V*  / 


HIGH  INPUT 
IMPEDANCE 
RREF-RH 

♦VREF  mUSt  BE  ABOVE  PEAK  POSITIVE  SWING  OF  V|N 


J"    J"  J?  J" 
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PAC-8B8  BYTEDACS  8-BIT  HIGH-SPEED  "MICROPROCESSOR  COMPATIBLE"  MULTIPLYING  D/A  CONVERTER 


8080  INTERFACE 


6800,  6801,  6809  INTERFACE 


63XX 

I* 


\  OloUT 

DAC-88S  \  ^  

S   O'OJT 


v 


ADDRESS  m 
fl/W  " 
VMA 


'OUT  • 
'<HJT  ' 


"X. 


8085  INTERFACE 


DAC-888 
WR  CE 


O'OUT 

'out 


V 


clk\  t 

ADDRESS  y 


DATA 

■out  - 
'out  " 


XZ 
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|pj^JJ^  PAM88  BYTEDAC*  8-BIT  HIGH-SPEED  "MICROPROCESSOR  COMPATIBLE"  MULTIPLYING  D/A  CONVERTER 
PULSED  REFERENCE  OPERATION 


OPTIONAL  RESISTOR 
FOR  OFFSET  INPUTS 


v-TT- 


TYPICAL  VALUES: 
*Vm  -  10V 


USB  LS8 
D67  0&6  DBS  DB4  OB3  D02  D9l  D60 


CONTROL  ft  LATCHES 


OAC 

vref-  'out/ 
cokp   v-    gnd     v*  / 


~i_r 

— 1 


J— AAV— 
"i_r  " 


■UNBALANCED  INPUTS  WILL  CAUSE  SLIGHT  DEGRADATION  OF 
lFS  ACCURACY  DUE  TO  1 05  OF  REFERENCE  AMPLIFIER. 


POSITIVE  LOW  IMPEDANCE  OUTPUT  OPERATION 


MSS  LSB 
087  DBQ  OBs  D&4  063  OB2  DSl  DBo 


FOR  COMPLEMENTARY  OUTPUT  (OPERATION  AS  NEGATIVE  LOGIC  DAC). 
CONNECT  INVERTING  INPUT  OF  OP  AMP  TO  'OUT  CONNECT  lOUT  TO 
OROUNO. 


NEGATIVE  LOW  IMPEDANCE  OUTPUT  OPERATION 


O67  066  DB5  DB4  OQ3  082  081  DBQ 


CONTROL  ft  LATCHES 


VREF-  'out/ 
COMP     V-      GND       V*  / 


n  1 


0  TO  -lFS  ■  Rl 

■fr'U'Ref 


FOR  COMPLEMENTARY  OUTPUT  (OPERATION  AS  NEGATIVE 
LOGIC  OAC.I  CONNECT  NONINVERTING  INPUT  OF  OP  AMP 
T0|0UT'  CONNECT  Iqut  TO  GROUND. 
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DAC-8S8  BVTEDACa  8-BIT  HIGH-8PEED  "MICROPROCESSOR  COMPATIBLE"  MULTIPLYING  D/A  CONVERTER 


BASIC  BIPOLAR  OUTPUT  OPERATION 


•ref*-  o_ 

2.000mA 


OQ7  D6e  DBS  DS4  OB3  D82  OBl  DSo 

mum 


CONTROL  A  LATCHES 


DAC 

VREF-  IOUT, 
COMPy-GND__V+ 


|«      18     |a  |ia 


>S.0OOkQ     <  S.OOOkJl 


DB7 

DBS 

DB5 

DB4 

DBS 

OB2 

DB1 

DBO 

"o 

POSITIVE  FULL-SCALE 

1 

1 

1 

1 

1 

1 

1 

1 

-4.960 

5.000 

POSITIVE  FULL-SCALE  -1  LSB 

1 

1 

1 

1 

1 

1 

1 

0 

-4.920 

4.960 

ZERO-SCALE  +1LSB 

1 

0 

0 

0 

0 

0 

0 

1 

-0.040 

0.080 

ZERO-SCALE 

1 

0 

0 

0 

0 

0 

0 

0 

0.000 

0.040 

ZERO-SCALE  -1LSB 

0 

1 

1 

1 

1 

1 

1 

1 

0.040 

0.000 

NEGATIVE  FULL-SCALE +1  LSB 

0 

0 

0 

0 

0 

0 

0 

1 

4.900 

-4.920 

NEGATIVE  FULL-SCALE 

.0 

0 

0 

0 

0 

0 

0 

0 

5.000 

-4.960 

OFFSET  BINARY  OPERATION 


DO?  DBS  DBS  D34  033  D62  DBl  D&O 


♦  SV 
VOUT 


T 


CONTROL  A  LATCHES 


VREF*  lOOTY 
DAC 

VREF-  IOUT> 

COW?     V-      OHO  V»  / 


12 
O.OI11F 


IB 


6  — 

12V 


SkR 
-VW- 


T 


DB7 

DBS 

DBS 

DB4 

DBS 

DB2 

DB1 

DBO 

=0 

POSITIVE  FULL-SCALE 

1 

1 

1 

1 

1 

1 

1 

1 

4.960 

POSITIVE  FULL-SCALE  -1LSB 

1 

1 

1 

1 

1 

1 

1 

0 

4.920 

ZERO-SCALE 

1 

0 

0 

0 

0 

0 

0 

0 

0.000 

NEGATIVE  ZERO-SCALE +1  LSB 

0 

0 

0 

0 

0 

0 

0 

1 

-4.960 

NEGATIVE  FULL-SCALE 

0 

0 

0 

0 

0 

0 

0 

0 

-5.000 
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DAC-888  BVTEDAC*  8-BIT  HIGH-SPEED  "MICROPROCESSOR  COMPATIBLE"  MULTIPLYING  D/A  CONVERTER 


BASIC  BIPOLAR  OUTPUT  OPERATION 

Both  outputs  have  an  extremely  wide  voltage  compliance, 
enabling  fast  direct  current-to-voltage  conversion  through  a 
resistor  tied  to  ground  or  other  voltage  source.  Positive 
compliance  is  18V  above  V-  and  is  independent  of  the 
positive  supply.  Negative  compliance  Is  given  by  V-  plus 
(lREFX1kn)  plus  2.SV. 

POWER  SUPPLIES 

The  DAC-888  operates  over  a  wide  range  of  power  supply 
voltages  from  a  total  supply  of  9V  to  1SV.  When  operating  at 
supplies  of  ±5V  or  less,  Iref^  1mA  is  recommended.  Low 
reference  current  operation  decreases  power  consumption 
and  increases  negative  compliance,  reference  amplifier  nega- 
tive common-mode  range,  negative  logic  input  range,  and 
negative  logic  threshold  range;  consult  the  various  figures 
for  guidance.  For  example,  operation  at  -4.SV  with  Iref  = 
2mA  is  not  recommended  because  negative  output  compli- 
ance would  be  reduced  to  near  zero.  Operation  from  lower 


supplies  is  possible.  However,  at  least  8V  must  be  applied  to 
Insure  turn-on  of  the  internal  bias  network. 

Symmetrical  supplies  are  not  required,  as  the  DAC-888  is 
quite  insensitive  to  variations  in  supply  voltage. 

Power  consumption  may  be  calculated  as  follows: 

Pd=d+)  (V+)  +  (I-)  (V-). 

TEMPERATURE  PERFORMANCE 

The  nonlinearity  and  monotonicity  specifications  of  the 
DAC-888  are  guaranteed  to  apply  over  the  entire  rated 
operating  temperature  range.  Full-scale  output  current  drift 
is  tight,  typically  ±  10ppm/°C,  with  zero  scale  output  current 
and  drift  essentially  negligible  compared  to  1/2  LSB. 

The  temperature  coefficient  of  the  reference  resistor  R10 
should  match  and  track  that  of  the  output  resistor  for 
minimum  overall  full-scale  drift.  Settling  times  of  the  DAC- 
888  decrease  approximately  10%  at  -55°  C;  at  +125°C  an 
increase  of  about  15%  is  typical. 


Z-80  INTERFACE 


6502  INTERFACE 
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DAC-888  BYTEDAC*  8-BIT  HIGH-SPEED  "MICROPROCESSOR  COMPATIBLE"  MULTIPLYING  D/A  CONVERTER 


8048  INTERFACE 


DAC-CS3 

m  a 


JT 


O'OUT 

'out 


JL 


DAC-43S  \ 

'A     '  m  ee  /  ° 


'OUT 

'out 


OAC-G88 
 CE  Wfi 


V  O'OUT 

J-  O'OUT 


I  ADDRESS 
LATCH   I  DECODER 


SB 


BUS    FLOATING  yToOREsT^C  FLOATING  X*"  DATA      X  FLOATING 


y 


DOOOC 


NOTE:  DAC  OUTPUT  MAY  CHANGE 
UNTIL  DATA  VALID. 


'SOFTWARE  SAR'  A/D  CONVERTER  (WITH  8048  MICROPROCESSOR) 


-OvOUT 


«I5V 
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TOT 


PAC-888  BVTEDAC*  8-BIT  HIGH-SPEED  "MICROPROCESSOR  COMPATIBLE"  MULTIPLYINO  D/A  CONVERTER 


SUCCESSIVE  APPROXIMATION  ANALOG-TO-OIGITAL  CONVERSION  PROGRAM 
LISTING  USING  DAC-888  AND  SYM  1  PCB  WITH  6S02MP  WITH  FLOW  CHART 


LOCATION 
LUWH  » IvH 

DATA 

wnmcn  1 9 

500 

A900 

LOAM0 

Clear 

502 

A208 

Loxtoa 

Set  Index  Register 

504 

95  00 

STA  JC 

Clear  Memory  at  08h 

506 

A9  80 

LDA  #80 

Trial  Bit 

508 

A8 

TAY 

Trt  V 

509 

8D0010 

STA  1000  (Com.) 

Output 

50C 

AD  00  1C 

LDA  1C00 

Read  Comp. 

SOF 

2901 

AND  A,  «01 

Mask  It 

511 

F001 

BEQ  *  +1 

Branch  If  CMP  =  0 

513 

98 

TYA 

Get  Trial  Bit 

514 

18 

CLC 

Clear  Carry 

515 

75  00 

ADC  ,X 

Result  Summed  With 

Previous  Test 

517 

95  00 

STA.X 

Save  It 

519 

98 

TYA 

Get  Trial  Value 

51A 

4A 

LSR 

Next  Bit 

51 B 

A8 

TAY 

Save  It 

51 C 

1500 

ORA.X 

Next  Data 

51 E 

90  E9 

BCC  '-23 

Continue  For  8  Trials 

520 

4C00  05 

JMPSOO 

Do  Over 

I  LOAO IKOCX  WITH  • 

i 

CLEAR  LOCATION  ■  W  RAM 

1   


NOTE:  32  Bytes  260jis 


|       SHIFT  TBIftL  BIT  RIOHT  TOCAHRV  | 


BURN-IN  CIRCUIT 


13 
12 


ZZZ  D.lpF,  50V 


r 


i 
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DAC-1508A/1408A 

8-BIT  MULTIPLYING 
D/A  CONVERTERS 


FEATURES 

•  Improved  Direct  Replacement  for  MC1508/MC1408 

• .  0.19%  Nonllnearlty  Maximum  Over  Temperature  Range 

•  Improved  Settling  Time    250ns,  Typ 

•  Improved  Power  Consumption.   157mW,  Typ 

•  Compatible  with  TTL,  CMOS  Logic 

•  Standard  Supply  Voltages  +5.0V  and  -S.0V  to  -15V 

•  Output  Voltage  Swing    +0.5Vto-5.0V 

•  High-Speed  Multiplying  Input   4.0mA/ps 

ORDERING  INFORMATIONf 


16-PIN  DUAL-IN-LINE  PACKAGE 

RELATIVE 

ACCURACY 

HERMETIC 

PLASTIC 

%FS 

MILITARY 

COMMERCIAL 

COMMERCIAL 

±0.19% 

DAC1508A-8Q- 

DAC1408A-8O 

DAC1408A-8P 

±0.39% 

DAC1408A-7Q 

DAC1408A-7P 

±0.78% 

DAC1408A-6Q 

DAC1408A-6P 

*  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /683  after 

part  number.  Consult  factory  for  683  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip.  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1888 

Data  Book,  Section  2. 

GENERAL  DESCRIPTION 

The  DAC-1508A/1408A  are  8-bit  monolithic  multiplying 
digital-to-analog  converters  consisting  of  a  reference  cur- 
rent amplifier,  R-2R  ladder,  and  eight  high-speed  current 
switches.  For  many  applications,  only  a  reference  resistor 
and  reference  voltage  need  be  added.  Improvements  in 
design  and  processing  techniques  provide  faster  settling 
times  combined  with  lower  power  consumption  while  retain- 
ing direct  interchangeability  with  MC1508/1408  devices. 


The  R-2R  ladder  divides  the  reference  current  into  eight 
binarily-related  components  which  are  fed  to  the  switches.  A 
remainder  current  equal  to  the  least  significant  bit  Is  always 
shunted  to  ground,  therefore  the  maximum  output  current  is 
255/256  of  the  reference  amplifier  input  current  For  example, 
a  full-scale  output  current  of  1.992mA  would  result  from  a 
reference  input  current  of  2.0mA. 

The  DAC-1508A/1408A  is  useful  in  a  wide  variety  of  applica- 
tions, including  waveform  synthesizers,  digitally  program- 
mable gain  and  attenuation  blocks,  CRT  character  genera- 
tion, audio  digitizing  and  decoding,  stepping  motor  drives, 
programmable  power  supplies  and  in  building  tracking  and 
successive  approximation  analog-to-digital  converters. 

For  significantly  improved  speed  and  applications  flexibility 
your  attention  is  directed  to  the  DAC-08  8-bit  high-speed 
multiplying  D/A  converter  data  sheet.  For  D/A  converters, 
which  include  precision  voltage  references  on  the  chip, 
please  refer  to  the  DAC-210  or  the  DAC-100  data  sheet. 

PIN  CONNECTIONS 


N.C.  (T 

• 

It]  COMPENSATION 

QND  fT 

3E  VREFI-) 

vee  H 

33  «REFl»l 

'o  [T 

33  Vcc 

16-PIN  DUAL-IN-LINE 

MSB  A1  fT 

yf]  A8LSS 

PACKAGE 

A2  fT 

TT]  AJ 

HERMETIC  (O) 

A3  [T 

to]  A8 

EPOXY  (P) 

T]  AS 

2 


o 
u 

o 

I 


o 

t— * 

o 

Q 


SIMPLIFIED  SCHEMATIC 


<*EF<->oL 


A I  AJ  A4  MO  AO  HI  *UJ 

^6       ^7       ^8        ^0       ^10       fll  ^12 


CURRENT  SWITCHES 

II  II  II  II 

1 

R-2R LADDER 

BIAS  CIRCUIT 

1 

REFERENCE 
CURRENT 
X^AMP 


NPN 

CURRENT 

SOURCE 

PAIR 
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DAC-1 508A/1403A  8-8 IT  MULTIPLVINO  DM  CONVERTERS 


ABSOLUTE  MAXIMUM  RATINGS 

Power  Supply  Voltage  ..  ■ 

Vcc . .......  ;;.v.  +s.svdc 

Vee     -16.5Vdc 

Digital  Input  Voltage,  Vs  through  V12  +5.5,0Vdc 

Applied  Output  Voltage   +6.5.-5.2Vdc 

Reference  Current,  I  u     5mA 

Power  Dissipation  (Package  Limitation),  Pd 

Ceramic  Package  (or  Epoxy  B  Package)   100mW 

Derate above'fA  =  +25°C  ......  .'..!  6.7mW/»C 


Derate  above  TA  =  +100°C  for 

Epoxy  B  Package.  ,   5.3mW/°C,, 

Operating  Temperature  Range.  TA 

DAC-1508A    -55°Cto+125'C 

DAC-1408A   0°Cto+75,,C  ' 

DICE  Junction  Temperature  (Tj)   ;  -eS'Cto  150»C 

Storage  Temperature  Range,  Tjtg   -65°Cto+1509C » 

Plastic  Package  Only   -859C  to+125°C- 

NOTE:  Ratings  apply  to  both  DICE  and  packaged  parts,  unless  otherwise 
noted.  •>  • 


ELECTRICAL  CHARACTERISTICS  at  Vcc  =  +5Vdc.  VEE  =  -15Vdc.  VREF/R14  =  2mA.  -55°C  <  TA  <  +MS°C  for 
DAC-1508A-8, 0°  C  <  TA  <  +75°C  for  DAC-1 408 A,  unless  otherwise  noted.  Ail  digital  inputs  at  logic  high  level. 


DAC-1508A/1408A 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TVP 

MAX 

UNITS 

Relative  Accuracy  (error  relative  to 

FuEl-Scale  l0i 

+d"l9 

DAC-140aA-7 

E, 

- 

- 

±0.39 

%IFS 

OAC-1403A-6 

±0.78 

Settling  Time  to  within  1/2  LSB 
(includes  tPLHj 

t5 

TA  =  +25'C 

- 

250 

- 

ns 

Propagation  Delay  Time 

TA=+2S°C,  (Note  1l 

- 

30 

100 

ns 

Output  Full-Scale  Current  Drift 

TCIq 

±20 

ppm/°C 

Digital  Input  Logic  Levels  (MSB) 

High  Level,  Logic  "1" 

V1H 

2 

Vdc  . 

Low  Level,  Logic  "1 " 

V,L 

- 

0.8 

Digital  Input  Current  (MSB) 

'iH 
I.L 

High  Level,  V,H  °  S.OV 
Low  Level.  V,L  =  0.8V 

— 
- 

0 

-0.4 

0.04 
-0.8 

mA  •  ■ 

Reference  Input  Bias  Current  {Pin  15) 

lis 

.  -1 

-3 

fA  . 

Output  Current  Range 

'on 

VEe  =  -5V 
VEE  =  -15V 

0 

0.  ■ 

2.0 
2.0. 

2.1  : 
.  4.2 

mA 

Output  Current 

lo 

VRjf  =  2.000V.  R14  =  100011 

1.9 

1  1.99 

2.1 

'  mA 

Output  Current 

'Oimtfii 

All  bits  low 

0 

4 

pA 

Output  Voltage  Compliance 
<Er£0.19%atTA  =  +25*C> 

v0 

lREF=  1mA 
Vee  =  -5V 
VEE  =  -10V  - 

-0.6 
-S 

+0.5' 
+0.5 

Vdc 

Reference  Current  Slew  Rate 

SRIREF 

4 

mA/ps 

Output  Current  Power  Supply 
Sensitivity 

PSSI„. 

0.5 

2.7 

|iA/V 

Power  Supply  Current 

'cc 
Iee 

All  bits  low 

+9 
-7.5 

+14 
-13 

mA 

Power  Supply  Vottage 

Vccb 
Veeb 

TA  =  +25*C  1 

+4.S 
-4.S 

+5 
-15 

+5.S 
-I6.S 

Vdc 

All  bits  low 

VEE  =  -5Vdc 

82 

135 

Power  Dissipation 

Pd 

VeE^-ISVdc 
All  bits  high 

157 

265 

mW 

VEE  =  -SVdc 

70 

VEE  =  -1SVdc 

132 

NOTE: 

1.  Guaranteed  by  design. 
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DAC-1508A/1408A  8-BIT  MULTIPLYING  D/A  CONVERTERS 


DICE  CHARACTERISTICS 


|PLS£maB_n2B_B up* 


1.  N.C. 

2.  GROUND 

3.  VEE 

4.  I0 

5.  A1  (MSB) 

6.  A2 

7.  A3 

8.  A4 


9.  A5 

10.  A6 

11.  A7 

12.  A8  (LSB) 

13.  Vcc 

14-  VHEF(+) 

15.  Vref(-) 

16.  COMP 


For  additional  DICE  ordering  inlormation,  reler 
to  1988  Data  Book,  Section  2. 


DIE  SIZE  0.087  X  0.063  inch.  5481  sq.  mils 
(2.21  X  1.60  mm,  3.54  sq.  mm) 


WAFER  TEST  LIMITS  at  V+ 

=  5V,  V-  = 

15V,  Iref  =  2mA,  TA  =  25°C,  unless  otherwise  noted. 

DAC-1408A-G 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Resolution 

8 

Bits  MIN 

Monotonicity 

8 

Bits  MIN 

Nonlinearity 

±0.19 

%FS  MAX 

Full-Scale  Current  Change,  lREp  =  1mA 

■i  0.5 

V  MAX 

Output  Voltage  Compliance 

v0 

<  1/2  LSB     V-  =  -5V 

-0.6 

V  MIN 

V-  =  -10V 

-5 

V  MIN 

Full-Scale  Current 

Ifs 

VREF  =  2.000V,  R„.  R,5=  t.OOOktt 

2.  ±0.1 

mA  MAX 

Zero-Scale  Current 

Izs 

(All  Bits  Low) 

4 

,iA  MAX 

Output  Current  Range 

'or 

V-  =  -5V 
V-  =  -15V 

2  1 

4.2 

mA  MAX 

Logic  "0"  Input  Level 

V|L 

0.8 

V  MAX 

Logic  "1"  Input  Level 

V,H 

2 

V  MIN 

Logic  Input  Current 

Logic  "0" 

I.L 

Low  Level.  V,L  =  -0.8V 

±10 

nA  MAX 

Logic  "1" 

I.H 

High  Level,  V,H=  5V 

±10 

Reference  Bias  Current 

"is 

-3 

/iA  MAX 

Output  Current  Power  Supply 
Sensitivity 

PSSI0. 

2.7 

,iA/V  MAX 

Power  Supply  Current 
(All  Bits  Low) 

1  + 
1- 

+  14 
-13 

mA  MAX 

Power  Supply  Voltage  Range 

Vccn 
Veer 

+  5.  ±0.5 
-16.5.-4.5 

V  MAX/MIN 

Power  Dissipation 
(All  Bits  Low) 

P« 

V-  =  5V 
V-  =  -15V 

135 
265 

mW  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 

guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  V+  =  +  5V,  V-  =  -15V,  TA  = 

25°  C,  VLc  and  I  out  connected  to  ground,  and 

Iref  =  2mA,  unless  otherwise  noted.  Output  characteristics  refer  to  I  out  only. 

□  AC-1408G 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

UNITS 

Reference  Input  Slew  Rate 

dl/dt 

4 

mA/pS 

Propagation  Delay 

IpLH-  IpHL 

Any  Bit 

30 

ns 

Settling  Time 

's 

To  ±1/2  LSB.  All  Bits  Switched 
ON  or  OFF 

250 

ns 
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DAC-1508A/1408A  8-BIT  MULTIPLYING  D/A  CONVERTERS 


APPLICATIONS 

RELATIVE  ACCURACY  TEST  CIRCUIT 


e-eir 

COUNTER 


124IT 
D-TOA. 

CONVERTER 
1*101% 

ERROR  MAX) 


SjA»|AS|A11|A 


0  TO  +10V  OUTPUT 


ovcc 


DAC1S03A/ 
DAC-UOSA 


SOU) 

vw- 


USE  WITH  NEGATIVE  VREF 


USE  WITH  POSITIVE  VREF 


AS  ( 
AS  ( 
A7( 


•Vref(«I  -TT. 
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DAC-1508A/1408A  8-BIT  MULTIPLYING  D/A  CONVERTERS 


TRANSIENT  RESPONSE  AND  SETTLING 
TIME  TEST  CIRCUIT 


r1 


i  I 


at«F 
1h- 


<28pF 


Eo  FOR  SETTLING  TIME  MEASUREMENT 
(ALL  BITS  SWITCHED  LOW  TO  HICHI 


USE  WITH  CURRENT-TO-VOLTAGE  CONVERTING  OP  AMP 


!VCC     VREF  •  Z.OVdc 
R14  ■  R15  •  1.0*11 
,,        RQ  ■  5.001 


DAC-1608A/ 
OAC140SA 


R14 


R15 
— VvV— 


»VEE 

THEORETICAL  Vo 


ADJUST  VREF  RWOR  Ro  SO  THAT  Vq  WITH  AIL  DIGITAL 
INPUTS  AT  HIGH  LEVEL  IS  EQUAL  TO  &961  VOLTS. 

vo  -  »  »'[Hi+S+iV+5+5i+^+S5l 

-  ">v[||§J-  SvW'V 


GENERAL  INFORMATION  AND  APPLICATION  NOTES 
REFERENCE  AMPLIFIER  DRIVE  AND  COMPENSATION 

The  reference  amplifier  provides  a  voltage  at  Pin  14  for 
converting  the  reference  voltage  to  a  current,  and  a  turn- 
around circuit  or  current  mirror  for  feeding  the  ladder.  The 
reference  amplifier  input  current,  1 14,  must  always  flow  into 


Pin  14  regardless  of  the  setup  method  or  reference  voltage 
polarity.  Connections  for  a  positive  voltage  are  shown  on  the 
preceding  page.  The  reference  voltage  source  supplies  the 
full  current  1 14.  For  bipolar  reference  signals,  as  in  the 
multiplying  mode,  R1S  can  be  tied  to  a  negative  voltage 
corresponding  to  the  minimum  input  level.  It  is  possible  to 
eliminate  R1S  with  only  a  small  sacrifice  in  accuracy  and 
temperature  drift. 

The  compensation  capacitor  value  must  be  increased  with 
increases  in  R14  to  maintain  proper  phase  margin;  for  R14 
values  of  1 .0, 2.5  and  S.OkO,  minimum  capacitor  values  are  15, 
37,  and  75pF.  The  capacitor  may  be  tied  to  either  VgE  or 
ground,  but  using  VEE  increases  negative  supply  rejection. 

A  negative  reference  voltage  may  be  used  if  R14  is  grounded 
and  the  reference  voltage  is  applied  to  R15  as  shown.  A  high 
input  impedance  is  the  main  advantage  of  this  method. 
Compensation  involves  a  capacitor  to  VEE  on  Pin  16,  using 
the  values  of  the  previous  paragraph.  The  negative  reference 
voltage  must  be  at  least  4.0V  above  the  VEE  supply.  Bipolar 
input  signals  may  be  handled  by  connecting  R14  to  a  positive 
reference  voltage  equal  to  the  peak  positive  input  level  at 
Pin  15. 

When  a  DC  reference  voltage  is  used,  capacitive  bypass  to 
ground  is  recommended  as  a  reference  voltage.  If  a  well 
regulated  5.0V  supply,  which  drives  logic  is  to  be  used  as  the 
reference,  R14  should  be  decoupled  by  connecting  it  to 
+5.0V  through  another  resistor  and  bypassing  the  junction  of 
the  two  resistors  with  0.1  /«F  to  ground.  For  reference  voltages 
greater  than  5.0V,  a  clamp  diode  is  recommended  between 
Pin  14  and  ground. 

If  Pin  14  Is  driven  by  a  high  impedance  such  as  a  transistor 
current  source,  none  of  the  above  compensation  methods 
apply  and  the  amplifier  must  be  heavily  compensated, 
decreasing  the  overall  bandwidth. 

OUTPUT  VOLTAGE  RANGE 

The  voltage  on  Pin  4  is  restricted  to  a  range  of -0.6V  to  +0.5V 
when  VEE  =  -5V  due  to  the  current  switching  methods 
employed  in  the  DAC-1508A-8. 

The  negative  output  voltage  compliance  of  the  DAC-1508A-8 
is  extended  to  -5.0V  where  the  negative  supply  voltage  is 
more  negative  than  -10V.  Using  a  full-scale  current  of 
1 .992mA  and  load  resistor  of  2.5kfl  between  Pin  4  and  ground 
will  yield  a  voltage  output  of  256  levels  between  0  and 
-4.980V.  The  value  of  the  load  resistor  determines  the 
switching  time  due  to  increased  voltage  swing.  Values  of  RL 
up  to  500(1  do  not  significantly  affect  performance  but  a 
2.5kD  load  increases  "worst  case"  settling  time  to  1.2/is 
(when  all  bits  are  switched  on).  Refer  to  the  subsequent  text 
section  of  Settling  Time  for  more  details  on  output  loading. 

OUTPUT  CURRENT  RANGE 

The  output  current  maximum  rating  of  4.2mA  may  be  used 
only  for  negative  supply  voltages  more  negative  than  -7.0V, 
due  to  the  increased  voltage  drop  across  the  resistors  in  the 
reference  current  amplifier. 
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DAC-1508A/1408A  8-BIT  MULTIPLYING  D/A  CONVERTERS 


ACCURACY 

Absolute  accuracy  is  the  measure  of  each  output  current 
level  with  respect  to  its  intended  value,  and  is  dependent 
upon  relative  accuracy  and  full-scale  current  drift.  Relative 
accuracy  is  the  measure  of  each  output  current  level  as  a 
fraction  of  the  full-scale  current.  The  relative  accuracy  of  the 
DAC-1508A-8  is  essentially  constant  with  temperature  due  to 
the  excellent  temperature  tracking  of  the  monolithic  resistor 
ladder.  The  reference  current  may  drift  with  temperature, 
causing  a  change  in  the  absolute  accuracy  of  output  current. 
However,  the  DAC-1508A-8  has  a  very  low  full-scale  current 
drift  with  temperature. 

The  DAC-1508A-8/DAC-1408A  series  is  guaranteed  accurate 
to  within  ±1/2  LSB  at  a  full-scale  output  current  of  1.992mA. 
This  corresponds  to  a  reference  amplifier  output  current 
drive  to  the  ladder  network  of  2.0mA,  with  the  loss  of  one  LSB 
(8.0/iA),  which  is  the  ladder  remainder  shunted  to  ground. 
The  input  current  to  Pin  14  has  a  guaranteed  value  of  between 
1.9  and  2.1mA,  allowing  some  mismatch  in  the  NPN  current 
source  pair.  Testing  relative  accuracy  Is  accomplished  by  the 
circuit  labelled  "Relative  Accuracy  Test  Circuit".  The  12-bit 
converter  is  calibrated  for  a  full-scale  output  current  of 
1.992mA.  This  is  an  optional  step  since  the  DAC-1508A-8 
accuracy  is  essentially  the  same  between  1.S  and  2.5mA. 
Then  the  DAC-1508A-8  circuit's  full-scale  current  is  trimmed 
to  the  same  value  with  R14  so  that  a  zero  value  appears  at  the 
error  amplifier  output.  The  counter  is  activated  and  the  error 
band  may  be  displayed  on  an  oscilloscope,  detected  by 
comparators,  or  stored  in  a  peak  detector. 

Two  8-bit  D/A  converters  may  not  be  used  to  construct  a 
16-bit  accuracy  D/A  converter.  16-bit  accuracy  implies  a 
total  error  of  ±  1/2  of  one  part  in  65, 536,  or  ±0.00076%  which 
is  much  more  accurate  than  the  ±0.19%  specification  pro- 
vided by  the  DAC-1508A-8. 


MULTIPLYING  ACCURACY 

The  DAC-1508A-8  may  be  used  in  the  multiplying  mode  with 
eight-bit  accuracy  when  the  reference  current  is  varied  over  a 
range  of  256:1.  If  the  reference  current  in  the  multiplying 
mode  ranges  from  16/tA  to  4.0mA,  the  additional  error 
contributions  are  less  than  1 .6/iA-  This  is  well  within  eight-bit 
accuracy  when  referred  to  full  scale. 

A  monotonic  converter  is  one  which  supplies  an  increase  in 
current  for  each  increment  in  the  binary  word.  Typically,  the 
DAC-1508A-8  is  monotonic  for  all  values  of  reference  current 
above  0.5mA.  The  recommended  range  for  operation  with  a 
DC  reference  current  is  0.5  to  4.0mA. 

SETTLING  TIME 

The  "worst  case"  switching  condition  occurs  when  all  bits  are 
switched  "ON",  which  corresponds  to  a  low-to-high  transi- 
tion for  all  bits.  This  time  is  typically  250ns  for  settling  to 
within  ±1/2  LSB,  for  8-bit  accuracy,  and  200ns  to  1/2  LSB  for 
7  and  6-bit  accuracy.  The  turn  off  is  typically  under  100ns. 
These  times  apply  when  R|_  <  500ft  and  Co  £  25pF. 

The  slowest  single  switch  is  the  least  significant  bit.  In 
applications  where  the  D/A  converter  functions  in  a  positive- 
going  ramp  mode,  the  "worst  case"  switching  condition  does 
not  occur,  and  a  settling  time  of  less  than  250ns  may  be 
realized. 

Extra  care  must  be  taken  in  board  layout  since  this  is  usually 
the  dominant  factor  in  satisfactory  test  results  when  measur- 
ing settling  time.  Short  leads,  100pF  supply  bypassing  for  low 
frequencies,  and  a  minimum  scope  lead  length  are  all 
mandatory. 
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Precision  Monolithics  Inc. 


DAC-8012 

CMOS  12-BIT  MULTIPLYING 
D/A  CONVERTER  "WITH  MEMORY" 


FEATURES 

•  Data  Readback  Capability  for  System  Sell  Check 

•  Fast  TTL/CMOS  Compatible  Data  Register 

•  ±1/2  LSB  Max  Linearity  Error  Over  the  Full  Operating 
Temperature  Range 

•  ±1  LSB  Max  Gain  Error  —  No  User  Adjustment  Required 

•  Less  Than  0.04  LSB  Max  Zero  Scale  Error  (10nA) 

•  Single +5V  to +1SV  Supply 

•  Small  20-Pln  0.3"  Wide  DIP 

•  Improved  ESD  Resistance 

•  Latch-Up  Resistant 

•  Adds  Data  Readback  Feature  to  PM-754S  Pinout 


GENERAL  DESCRIPTION 

The  DAC-8012  is  a  monolithic  12-bit  CMOS  multiplying  DAC 
with  internal  data  latches  and  three-state  data  readback  buffers. 
The  latches  and  readback  buffers  perform  like  a  "memory" 
location.  Data  loads  into  the  latches  as  a  single  12-bit  wide  word 
allowing  direct  connection  to  12-bit  and  16-bit  busses. 

Four-quadrant  multiplying  capability  and  12-bit  linearity  simpli- 
fies wide-bandwidth,  low-distortion,  digitally-controlled  preci- 
sion attenuator  and  filter  applications. 

The  powerful  data  readback  function  allows  users  to  perform 
data  path  verification  between  the  controlling  processor  and 
the  DAC-8012.  System  self  check  results  alter  writing  a  data 
word  to  the  DAC-8012,  then  reading  it  back  to  the  processor, 
verifying  no  change  in  data  takes  place.  The  readback  function 
simplifies  the  design  of  automatic  test  equipment,  industrial 
automation,  robotics,  and  processor-controlled  instrumenta- 
tion. Reduction  of  software  coding  results  with  processors 
using  direct  memory  execution  instructions.  In  remote  sys- 
tems, data  set-points  are  held  in  the  DAC  register  which  can  be 
interrogated  upon  system  fault  recovery. 


ORDERING  INFORMATION! 


PACKAGE:  20-PIN 


MAXIMUM  MILITARY* 
GAIN  ERROR  TEMR 

RELATIVE  T»=+25"C  -55"C  to 
ACCURACY     VD0  =  +5V  +12S"C 


INDUSTRIAL  COMMERCIAL 
TEMP.  TEMP. 
-25*C  to  0"C  10 

+B5"C  +70'C 


±1/2  LSB  ±1  LSB  DAC5012AR  DAC8012ER  DAC8012GP 
+  1LSB  ±3  LSB  OACS012BR  DACB012FR  DAC8012HP 
±1  LSB  ±3  LSB  —  -  DACB012HPCtt 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /8B3  alter 

part  number.  Consult  factory  lor  683  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip.  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book,  Section  2. 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 

contBct  your  local  sales  office. 
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I=T=VDAC-8012  CMOS  12-BIT  MULTIPLYING  D/A  CONVERTER -WITH  MEMORY" 

 |pmi>  —  — 

ABSOLUTE  MAXIMUM  RATINGS  Storage  Temperature   -65° C  to  +150°C 

(TA  =  25°C,  unless  otherwise  noted.)  Lead  Temperature  (Soldering,  60  sec)      +300° C 

VontoDGND    -0.3V,  +17V  CAUTION: 

n;n]uiin«.iiMi».a)nnr<un  noww  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 

9  wD°  permanentdamagotothedevlce.Tnl.laast^ratlRflonlya^lunctional 

AGND  to  DGND       -0.3V,  Vpo  operation  at  or  above  this  specification  Is  not  Implied.  Exposure  to  above 

VrfB'  Vref to  DGND   ±25V  maximum  rating  conditions  for  extended  periods  may  affect  device 

VpiN  i  to  DGND   -0.3V,  VDd  reliability. 

Power  Dissipation  (Any  Package)  to +75°C   450mW  2-  Donotapplyvolta8eshi9herthanVODorlessthanGNDpotentialonany 

.  ,         .  _  iAi/o^  terminal  except  v*ngp. 

Derates  AD0Ve+/5  (J  Dy  ....   BmVWC  3   The  6lgm  |nputs  are  Iener  protectedi  however,  permanent  damage  may 

Operating  Temperature  Range  occur  on  unprotected  units  Irom  high-energy  electrostatic  fields.  Keep 

Military  (AR,  BR)  Grades   -55°C  to +125°C  units  In  conductive  foam  at  all  times  until  ready  to  use.  Use  proper  antl- 

Industrial  (ER,  FR)  Grades    -25°C  to  +85°C  8tatic  Handling  procedures. 

Commercial  (GP,  HP,  HPC)  Grades   0"C  to  +70°C  Remove  power  be""a  ln88rtln9  or  remo,ln9  unlls  ,rom  ,nelr  »°<*ets- 

Dice  Junction  Temperature   +150°C 


ELECTRICAL  CHARACTERISTICS  at  V00=+5Vor+15V,  VREF=+10V,  Vouti  =  0V,AGND  =  DGND=0V;Ta=-55°C  to +125°C 
apply  for  DAO8012AR/BR,  TA  =  -25°C  to  +85°C  apply  for  DAC-8012ER/FR,  TA  =  0°C  to  +70°C  apply  for  DAC-8012GP/HP/HPC, 
unless  otherwise  noted. 


DAC-8012A/E/G 

DAC-8012B/F/H 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN        TYp  MAX 

MIN  TYP 

MAX 

UNIT8 

STATIC  ACCURACY 

Resolution 

12          —  — 

12  — 

Bits 

Relative 
Accuracy 

INL 

TA  =  Full  Temp.  Range 

-           -  +1/2 

±1 

LSB 

Differential 

Noniinearity 

DNL 

TA=>  Full  Temp.  Range 

—           —  ±1 

±1 

LSB 

(Note  1) 

Gain  Error 

TA  =  +25"C 

—           —  ±1 

±3 

LSB 

(Notes  2,  3) 

GFSE 

TA  =  Full  Temp.  Range 

—            —  ±2 

±4 

Gain  Temperature 

Coefficient 
AGain/ATemperature 

TCGFS 

-           -  ±5 

±5 

ppm/*C 

(Notes  4.  S) 

DC  Supply  Rejection 
AGain/AVDD  (Note  4) 

PSR 

TA=+25«C 

TA  =  Full  Temp.  Range  00 

0.002 
0.004 

%/% 

TA  =  +25"C,  RD/WR  =  DS  = 

m-  10 

10 

Output  Leakage 

All  Digital  Inputs  =  0V 

'lkg 

—  nA 

'  Current  at  OUT  1 

TA  «  Full  Temp.  Range 

A/B  versions 

—           —  200 

200 

E/F/G/H  Versions 

—            —  25 

25 

DYNAMIC  PERFORMANCE 

Propagation  Delay 
(Notes  4. 6,  &  7) 

.TA.=  +25»C 

(OUT  1  Load  =  10011.  CEXT  = 

—           —  300 

13pF) 

300 

ns 

Current  Settling  Time 
(Notes  4,  7) 

t. 

TA  =  Full  Temp.  Range 
(To  1/2  LSB) 
Iout  i  Load  =  10011 

1 

MS 

Glitch  Energy 
(Note  4) 

0 

TA  =  +25*C 

TA  =  Full  Temp.  Range 

VnEF  =  AGND 

-  -  400 

-  -  600 

400 
SOO 

nVs 

AC  Feedthrough 
at  Iout  i 
(Note  4) 

FT 

TA  =  Full  Temp.  Rut- 
VREF  =  ±10V.f  =  10kHz 

—           —  S 

5 

mV„ 

REFERENCE  INPUT 

Input  Resistance 
(Pin  19  to  GND) 

RREF 

~  TA  =  Full  Temp.  Range 
Input  Resistance 

7            11  15 

7  11 

15 

kll 
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DAC-8012  CMOS  12-BIT  MULTIPLYING  DA  CONVERTER  "WITH  MEMORY" 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V,  VnEF  = +10V,  V0ut  1  =  OV,  AGND  =  DGND  =  OV;  TA  =  -55°C  to  +125°C  apply 
for  DAC-8012AR/BR,  TA  =  -25°G  to  +85°C  apply  for  DAC-8012ER/FR,  TA  =  0°C  to  +70°C  apply  for  DAC-8012GP/HP/HPC, 
unless  otherwise  noted. 


DAC-8012A/E/G 

DAC-8012B/F/H 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

MIN         TYP  MAX 

UNITS 

ANALOG  OUTPUTS 

Output  Capacitance 
(Note  4) 

CQUT1 

Cqut 

VDD  =  +5Vor+t5V 
TA  =  Full  Temp.  Range 
DB0-DB11  =  OV.  RD/WR  aDS  = 
DB0-DB11  =  VDt>  RD/WR  =  DS 

OV  - 

=  ov  - 

-  70 

—  150 

—  -  70 

-  —  150 

pF 

DIGITAL  INPUTS 

Input  High  Voltage 
Input  Low  Voltage 

V,NH 
V,NL 

TA  =  Full  Temp.  Range 

2.4 

-  0.8 

2.4            —  — 
-            -  0.8 

V 

Input  Current 

■IN 

TA  =  +25*C 

TA  =  Full  Temp.  Range 

—  1 

—  10 

-            -  10 

(iA 

Input  Capacitance 
DB0-DB11 
RD/WR.  DS 

CIN 

TA=  Full  Temp.  Range 

-  12 

—  6 

-  -  12 

—  —  6 

pF 

(Note  4) 

DIGITAL  OUTPUTS  - 

Output  High  Voltage 

VOH 

lo'MOOpA 

4.0 

4.0            —  — 

V 

Output  Low  Voltage 

v0L 

I  —  =  —  1  RmA 

  0.4 

—    0.4 

v 

Three-State  Output 
Leakage  Current 

—  10 

-            -  10 

„A 

SWITCHING  CHARACTERISTICS 

See  Timing  Diagram 

(Note  8) 

Write  to  Data  Strobe 

TA=+25°C 

0 

0            —  — 

ns 

Setup  Time 

*wsu 

TA  =  Full  Temp.  Range 

0 

0            -  - 

Data  Strobe  to 

TA=+25°C 

0 

0            —  — 

ns 

Write  Hold  Time 

*WH 

TA  =  Full  Temp.  Range 

0 

0            -  - 

Read  to  Data  Strobe 

TA=+25°C 

0 

0            -  — 

ns 

Setup  Time 

■nsu 

TA  =  Full  Temp.  Range 

0 

0            -  - 

Data  Strobe  to 

TA=+25°C 

0 

0            —  — 

ns 

Read  Hold  Time 

■rh 

TA  =  Full  Temp.  Range 

0 

0            —  — 

Write  Mode  Data  Strobe 

*WRS 

TA=+25°C 

180 

180            —  — 

ns 

Width 

TA=  Full  Temp.  Range 

2S0 

250           -  - 

Read  Mode  Data  Strobe 

TA=+25°C 

220 

220            —  — 

ns 

Width 

'ros 

TA  =  Full  Temp.  Range 

290 

290            —  - 

Data  Setup  Time 

Idsu 

TA=+25°C 

TA  =  Full  Temp.  Range 

210 
250 

210            -  — 
250            —  — 

ns 

Data  Hold  Time 

*OH 

TA  =  +25°C 

TA  =  Full  Temp.  Range 

0 
0 

0            -  — 
0            —  — 

ns 

Data  Strobe  to 
Data  Valid  Time 
(Notes  4,  9| 

■co 

TA  =  +2S°C 

TA  =  Full  Temp.  Range 

-  300 

—  400 

—  —  300 

—  —  400 

ns 

Output  Active  Time 
rrom  Deselection 
(Notes  4, 9) 

'OTO 

TA  =  +25°C 

TA  =  Full  Temp.  Range 

-  215 

—  375 

—  -  215 

—  -  375 

ns 

POWER  SUPPLY 

'OD 

TA  =  Full  Temp.'  Range 

(All  Digital  Inputs  VINL  or  VINK) 

—  2 

—         •.  .—  2 

mA 

Supply  Current  - 

■do 

TA  =  Full  Temp.  Range 

(All  Digital  Inputs  OV  or  V0D) 

10  100 

-           10  100 
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DAC-6012  CM08 12-BIT  MULTIPLYING!  DA  CONVERTER  "WITH  MEMORY" 


ELECTRICAL  CHARACTERISTICS  at  V0D=+15V,  VREF  =+10V,  V0UTi  =  OV.  AGND= DGND=OV;  TA=-55!>Cto+125,,Capply 
for  DAC-8012AR/BR,  TA  =  -25°C  to  +85?C  apply  for  DAC-8012ER/FR,  TA  =  Q-C  to  +70°C  apply  for  DAC-8012GP/HP/HPC, 
unless  otherwise  noted. 


DAC-8012A/E/G 

DAC-8012B/F/H 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN         TYP  M 

AX  - 

MIN        TYP  M 

AX 

UNITS 

DIGITAL  INPUTS 

Input  High  Voltage 
Input  Low  Voltage 

V,NH 
V|NL 

TA  =  Full  Temp.  Range 

13.5  — 

1.5 

13.5  — 

1.5 

V 

Input  Current 

'in 

TA=+2S*C 

TA  =  Full  Temp.  Range 

1 

10 

1 
10 

«A 

Input  Capacitance 

DB0-DB11 
RD/WR,  DS 

Cin 

TA  =  Full  Temp.  Range 

12 
10 

12 
10 

PF 

(Note  4) 

DIGITAL  OUTPUTS 


Output  High  Voltage  V0H  l0°3mA  13.5  —  —  13.5  —  —  V 


Output  Low  Voltage 

Vol 

l0  =  -3mA 

1.5 

1.5 

V 

Three-State  Output 
Leakage  Current 

10 

10 

SWITCHING  CHARACTERISTICS  See  Timing  Diagram 

(NoteS) 


Write  to  Data  Strobe 
Setup  Time 


*wsu 


TA  =  +25*C 

TA  =  Full  Temp. 


Range 


Data  Strobe  to 
Write  Hold  Time 

Iwh 

TA  =  +25*C 

TA  =  Full  Temp.  Range 

0 
0 

0 
0 

ns 

Read  to  Data  Strobe 
Setup  Time 

•nsu 

TA=+25*C 

TA  =  Full  Temp.  Range 

0 
0 

0 
0 

ns 

Data  Strobe  to 

•rh 

TA  =  +25*C 

0 

0 

ns 

Read  Hold  Time 

TA  =  Full  Temp.  Range 

0 

0 

Write  Mode  Data  Strobe 

TA  =  +25*C 

100 

100 

na 

Width 

'whs 

TA  =  Full  Temp.  Range 

120 

120 

Read  Mode  Data  Strobe 

TA  =  +25°C 

110 

110 

ns 

Width 

'rds 

TA  =  Full  Temp.  Range 

150 

150 

Data  Setup  Time 

•osu 

TA  =  +2S'C 

TA  =  Full  Temp.  Range 

SO 
120 

90 
120 

ns 

Data  Hold  Time 

>DH 

TA  =  +25*C 

TA  -  Full  Temp.  Range 

0 
0 

0 
0 

ns 

Data  Strobe  to 
Output  Valid  Time 
(Note  9) 

«co 

TA  =  +25'C 

TA  =  Full  Temp.  Range 

180 
220 

ISO 
220 

ns 

Output  Active  Time 
for  Deselection 
(Note  9) 

'OTO 

TA  =  +25*C 

TA  a  Full  Temp.  Range 

'  180 
250 

ISO 
250 

ns 

POWER  SUPPLY 

'do 

TA  =  Full  Temp.  Range 

(All  Digital  Inputs  VINL  or  V[NH) 

2 

2 

mA 

Supply  Current 

'oD 

TA  -  Full  Temp.  Range 

(All  Digital  Inputs  0V  or  Voo) 

10 

100 

10 

100 

cA 

NOTES: 

1.  12-bit  monotonic  over  full  temperature  range. 

2.  Includes  the  effects  of  5ppm  max.  gain  T.C. 

3.  Using  internal  RFB.  DAC  register  loaded  with  1111 1111  1111.  Gain  error  is 
adjustable  using  the  circuits  of  Figures  4  and  5. 

4.  GUARANTEED  but  NOT  TESTED. 

5.  typical  value  is  2ppm/*C  for  VD0  =  +5V. 


8.  From  digital  input  change  to  90%  of  final  analog  output. 

7.  All  digital  Inputs  =  0V  to  Von:  or      to  0V. 

8.  Sample  tested  at  +25'C  to  ensure  compliance. 

9.  See  load  circuits  for  switching  tests. 
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i  DAC-8012  CMOS  12-BIT  MULTIPLYING  D/A  CONVERTER  "WITH  MEMORY" 


DICE  CHARACTERISTICS 


□  IE  SIZE  0.121  X  0.112  Inch,  13,552  sq.  mils 
(3.07  X  2.85  mm,  8.75  sq.  mm) 


1.  OUT  1 

11.  DB4 

2.  AGND 

12.  DB3 

3.  DGND 

13.  DB2 

4.  DB11  (MSB) 

t*.  DB1 

5.  DB10 

15.  DBO(LSB) 

B.  DB9 

16.  bs 

7.  DH8 

17.  RD/WR 

B.  DB7 

18.  V0I) 

9.  DB6 

1*  VREF 

10.  DBS 

20.  RFB 

For  BCfditlorml  DICE  orb 

jrlng  Information,  r( 

la  19BB  Data  Book,  Section  2. 

WAFER  TEST  LIMITS  at  VDD  =  +5V  or  +15V,  VREF  =  +10V,  V0Ut  1  =  0V,  AGND  =  DGND 

=  0V,  Ta  =  25°C,  unless  otherwise  noted. 

DAC-8012G 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Relative  Accuracy 

INL 

Endpoint  Linearity  Error 

±1/2 

LSB  MAX 

Differential  Nonlinearity 

DNL 

±1 

LSB  MAX 

Gain  Error 

GFSE 

DAC  Latches  Loaded  with  1111  1111  1111 

±3 

LSB  MAX 

Output  Leakage 

'lkg 

DAC  Latches  Loaded  with  0000  0000  0000 
Pad  1 

±10 

nA  MAX 

Input  Resistance 

RREF 

Pad  19 

6/15 

kit  MIN/ 
kfl  MAX 

Output  High  Voltage 

V0H 

VDD  =  5V.  lo  =  400,iA 

4.0 

V  MIN 

Output  Low  Voltage 

Vol 

VDD  =  5V.  l0  =  -1.6mA 

0.4 

V  MAX 

Digital  Input 
High 

V,NH 

V0D  =  5V 
VDD=15V 

2.4 
13.5 

V  MIN 

Digital  Input 

V0D  -  5V 

0.8 

V  MAX 

Low 

VlNL 

VDD=15V 

1.5 

Input  Current 

I  IN 

V,N=0Vor  VDD 

±1 

*A  MAX 

Supply  Current 

'dd 

All  Digital  Inputs  V]NL  or  V,NH 
All  Digital  Inputs  0V  or  VDD 

2 
0.1 

mA  MAX 

DC  Supply  Rejection 
(AGainavDD) 

PSRR 

VDD  =  ±5% 

0.004 

%/%  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  a 

nd  normal  yield  loss,  yield  after  packaging  is  not 

guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample 

lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  VDD=+5V or +  15V,VREF=  +  10V,VOui 

,  =  07;  TA= 25°C,  unless  otherwise  noted. 

DAC-B012G 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

UNITS 

Digital  Input  Capacitance 

12 

pF 

Output  Capacitance 

COUT  J 

DAC  Latches  Loaded  with  0000  0000  0000 

70 

pF 

CouT  1 

DAC  Latches  Loaded  with  1111  1111  1111 

150 

pF 

Propagation  Delay 

VDD=15V 
V0D  =  5V 

300 

ns 
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DAC-8012  CMOS  12-BIT  MULTIPLYING  D/A  CONVERTER  "WITH  MEMORY" 


LOAD  CIRCUITS  FOR  SWITCHING  TESTS 


FOR  DATA  OOING  HIGH 
TO  DATA  BIT- 


I 


lOOpF  >3kfl 


FOR  LOW  DATA  GOING  MIGH-2* 
TO  OATA  BIT  - 

I  - 


V  *o 


FOR  DATA  GOING  LOW 


4' 


FOR  HIGH  OATA  GOING  KIGH-Z* 
TO  DATA  BIT  ^  f  | 


tOpF  <»n 


•TO  5S  OUTPUT  CHANOE 


PARAMETER  DEFINITIONS 
RELATIVE  ACCURACY 

Sometimes  referred  to  as  endpoint  nonlinearity,  and  is  a 
measure  of  the  maximum  deviation  from  a  straight  line  passing 
through  the  endpoints  of  the  DAC  transfer  function.  Relative 
Accuracy  is  measured  after  the  zero  and  full-scale  points  have 
been  adjusted,  and  is  normally  expressed  in  LSB  or  as  a 
percentage  of  full  scale. 

DIFFERENTIAL  NONLINEARITY 

This  is  the  difference  between  the  measured  change  and  the 
ideal  change  between  any  two  adjacent  codes.  A  differential 
nonlinearity  of  ±1  LSB  maximum  over  the  full  operating 
temperature  range  will  ensure  that  a  device  is  monotonic  (the 
output  will  not  decrease  for  an  increase  in  digital  code  applied). 

GAIN  ERROR 

Gain  or  full  scale  error  is  the  amount  of  output  error  between 
the  ideal  output  and  the  actual  output.  The  ideal  output  is  VREF 
minus  1  LSB.  The  gain  error  is  adjustable  to  zero  using  external 
resistance. 

OUTPUT  CAPACITANCE 

The  capacitance  from  OUT1  to  AGND. 

PROPAGATION  DELAY 

This  is  measured  from  the  digital  input  change  to  the  analog 
output  current  reaching  90%  of  its  final  value. 

FEEDTHROUGH  GLITCH  ENERGY 

This  is  a  measure  of  the  amount  of  charge  injected  to  the  analog 
output  from  the  digital  inputs,  when  the  digital  inputs  change 
states.  It  is  the  area  of  the  glitch  and  is  specified  in  nVsec;  it  is 
measured  with  VHEF  =  AGND. 


LOGIC  INFORMATION 
D/A  CONVERTER  SECTION 

Figure  1  showsa  simplified  circuit  of  the  D/A  Converter  section 
of  the  DAC-8012,  and  Figure  2  gives  an  approximate  equivalent 
switch  circuit.  R  is  typically  11kQ. 

The  binary-weighted  currents  are  switched  between  OUT  1  and 
AGND  by  N-channel  switches,  thus  maintaining  a  constant 
current  in  each  ladder  leg  independent  of  the  switch  state. 

The  capacitance  at  the  OUT  1  terminal,  C0UT  ,,  is  code 
dependent  and  varies  from  70pF  (all  switches  to  AGND)  to 
150pF  (all  switches  to  OUT  1).  One  of  the  current  switches  is 
shown  in  Figure  2. 

The  input  resistance  at  VREF  (Figure  1)  is  always  equal  to  Rldr 
(RLdr  is  the  R/2R  ladder  characteristics  resistance  and  is  equal 
to  value  "R").  Since  the  input  resistance  at  the  VREF  pin  is 
constant,  the  reference  terminal  can  be  driven  by  a  reference 
voltage  or  a  reference  current,  ac  or  dc,  of  positive  or  negative 
polarity.  (If  a  current  source  is  used,  a  low-temperature- 
coefficient  external  RFB  is  recommended  to  define  scale  factor.) 

The  internal  feedback  resistor  (RFB)  has  a  normally  closed 
switch  in  series  as  shown  in  Figure  I.This  switch  improves 
performance  over  temperature  and  power  supply  rejection: 
however,  when  the  circuit  is  not  powered  up  the  switch  assumes 
an  open  state. 


BURN-IN  CIRCUIT 


V«EF  VM 

9  9 


C3 


-8- 


1, 


4 
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DAC-8012  CMOS  12-BIT  MULTtPtYINQ  D/A  CONVERTER  "WITH  MEMORY" 


TIMING  DIAGRAM 


— •wsu— 


DATA 
VALID 


■'oh  *co 

3-STATC 


READ 
CYCLE 


•— <OTO-* 


DATA 
VALID 


NOTES: 

Vqo  -  +5V;  t,  - 1,  -  Vint 
Vot,-+«V;l,»l|-«m 
ALL  INPUT  SIGNAL  RISE  AND 
FALL  TIMES  MEASURED  FROM 

ntTomoFVgg 

TIMINO  MEASUREMENT  REFERENCE  LEVEL 


FIGURE  1:  Simplified  D/A  Circuit  of  DAC-8012 


FIGURE  3:  Digital  Input/Output  Structure 


FIGURE  2  N-Channel  Current  Steering  Switch 


FROM0, 
INTERFACE 
LOGIC 


AGKD         OUT  t 


P 


DIGITAL  SECTION 

Figure  3  shows  the  digital  I/O  structure  for  one  bit.  When  the 
data  strobe  (DS)  and  the  RD/WR  lines  are  held  low,  data  at  the 
digital  input  is  fed  through  the  input  buffers  and  the  data  latches 
which  control  the  DAC  current  output  switches  are  transparent. 
Data  is  latched  when  either  DS  or  RD/WR  go-high.  When  the  data 
strobe  DS  is  held  low  and  the  RD/WR  line  is  held  high,  the 
three-state  buffer  becomes  active  and  the  data  from  the  latches  is 


fed  through  the  three-state  buffers  to  the  digital  input/output 
lines.  This  is  known  as  the  Read  Cycle,  or  data  readback. 

The  input  buffers  are  simple  CMOS  inverters  designed  such 
that  when  the  DAC-8012  is  operated  with  VDD  =  +5V,  the  buffers 
convert  TTL  input  levels  (2.4V  and  0.8V)  Into  CMOS  logic  levels. 
When  the  digital  input  is  in  the  region  of  1.0V  to  3.0V,  the  input 
buffers  operate  in  their  linear  region  and  draw  current  from 
the  power  supply.  To  minimize  power  supply  currents,  it  is 
recommended  that  the  digital  input  voltages  be  as  close  to  the 
supply  rails  (VD0  and  DGND)  as  is  practically  possible.  The 
DAC-8012  may  be  operated  with  any  supply  voltage  in  the  range 
5V  <VDD  <  15V.  With  VDD  =+15V,  the  input  logic  levels  are  CMOS 
compatible  only,  i.e.,  1.SV  and  13.5V. 

The  three-state  output  buffers,  in  the  active  mode,  provide  TTL- 
compatlble  digital  outputs  with  a  fan-out  of  one  TTL  load  when 
the  DAC-8012  is  operated  with  +5V  power  supply.  When 
powered  from  +15V,  the  output  buffers  provide  output  logic 
levels  of  1.5V  and  13.5V.  Three-state  output  leakage  is  typically 
10nA. 
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DAC-8012  CMOS  12-BIT  MULTIPLYING  D/A  CONVERTER  "WITH  MEMORY- 


FIGURE  4:  Unipolar  Binary  Operation 


U-^T  ANALOG 
COMMON 

D911-D80  *SEE  TABLE  1- 


BASIC  APPLICATIONS 

Figures  4  and  5  show  simple  unipolar  and  bipolar  circuits  using 
the  DAC-8012.  Resistor  R1  is  used  to  trim  for  full  scale.  The 
following  versions:  DAC-8012AR.  DAC-8012ER,  DAC-8012GP, 
have  a  guaranteed  maximum  gain  error  of  ±1 LSB  at  +25°C  and 
VDD  =  +5V,  and  in  many  applications  the  gain  trim  resistors  are 
not  required.  Capacitor  C1  provides  phase  compensation  and 
helps  prevent  overshoot  and  ringing  when  using  high  speed  op 
amps.  The  circuits  of  Figures  4  and  5  have  constant  input 
impedance  at  the  VREF  terminal. 

The  circuit  of  Figure  4  can  either  be  used  as  a  fixed  reference 
D/A  converter  so  that  it  provides  an  analog  output  voltage  in  the 
range  0  to  -V!N  (the  inversion  is  introduced  by  the  op  amp);  or 
V|N  can  be  an  ac  signal  in  which  case  the  circuit  behaves  as  an 
attenuator  (2-Quadrant  Multiplier).  V|N  can  beany  voltage  in  the 
range  -20V  <  VjN  <+20V  (provided  the  op  amp  can  handle  such 
voltages)  since  VREF  is  permitted  to  exceed  VDD.  Table  II  shows 
the  code  relationship  for  the  circuit  of  Figure  4. 

Figure  S  and  Table  III  illustrate  the  recommended  circuit  and 
code  relationship  for  bipolar  operation.  The  D/A  function  itself 
uses  offset  binary  code,  and  inverter  Ui  on  the  MSB  line, 
converts  2's-complement  input  code  to  offset  binary  code.  The 
inverter  U,  may  be  omitted  if  the  inversion  is  done  in  software, 
using  an  exclusive  OR  instruction. 

R3,  R4  and  RS  must  match  within  0.01  %  and  should  be  the  same 
type  of  resistors  (preferably  wire-wound  or  metal  foil),  so  that 
their  temperature  coefficients  match.  Mismatch  of  R3  value  to 
R4  causes  both  offset  and  full  scale  error.  Mismatch  of  RS  to  R4 
and  R3  causes  full  scale  error. 

FIGURE  5:  Bipolar  Operation  (2's  Complement  Code) 


TABLE  I:  Recommended  Trim  Resistor  Value  vs.  Grades 


TRIM 
RESISTOR 


HP/FR/BR 


GP/ER/AR 


R1 


100O 


200 


R2 


830 


6.80 


TABLE  II:  Unipolar  Binary  Code  Table  for  Circuit  of  Figure  4 


BINARY  NUMBER  IN 
DAC  REGISTER 


ANALOG  OUTPUT 


4096  ) 

1000     0000     0000    -V|N  •  (         ^  =  -1/2  V, 

oooo   oooo   0001   -v,N-  (^g) 


0000    oooo  oooo 


0  Volts 


TABLE  III:  2's  Complement  Code  Table  for  Circuit  of  Figure  5 


DATA  INPUT 


ANALOG  OUTPUT 


0  111     1111  1111 


♦MS) 


0000     0000     0001  +V|N  •  ( ) 


oooo  oooo  oooo 


0  Volts 


1111    1111  1111 


"V|N"  ('2048  ) 


1000   oooo   oooo        -v,N  •  (  ) 


I 

20 

vw— rs  

n 

F9 

OUT l\  4- 

vflEF 

DAC-8012 

AGNoZ-f- 

oati 

OB10-DB0      /  1 

I 

XT|| 


OVqut 
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OAC-8012  CMOS  12-BIT  MULTIPLYING  D/A  CONVERTER  "WITH  MEMORY" 


APPLICATIONS  HINTS 

Output  Offset  CMOS  D/A  converters  exhibit  a  code-dependent 
output  resistance  that  causes  a  code-dependent  error  voltage 
at  the  output  of  the  amplifier.  The  maximum  amplitude  of  this 
offset,  which  adds  to  the  D/A  converter  nonlinearity,  is  0.67  V0s 
where  V0s  is  the  amplifier  input-offset  voltage.  To  maintain 
monotonic  operation,  it  is  recommended  that  V0s  be  no  greater 
than  10%  of  1  LSB  over  the  temperature  range  of  operation. 

General  Ground  Management:  AC  or  transient  voltages  be- 
tween AGND  and  DGND  can  cause  noise  injection  into  the 
analog  output.  The  simplest  method  of  ensuring  that  voltages  at 
AGND  and  DGND  are  equal  is  to  tie  AGND  and  DGND  together 
at  the  DAC-8012.  It  is  recommended  that  two  diodes  (1 N914  or 
equivalent)  be  connected  in  inverse  parallel  between  AGND 
and  DGND  pins  in  complex  systems  where  AGND  and  DGND 
tie  on  the  backplane. 

Digital  Glitches:  When  RD/WR  and  DS  are  both  low.  the  latches 
are  transparent  and  the  D/A  converter  inputs  follow  the  data 
inputs.  Some  bus  systems  do  not  always  have  data  valid  for  the 
whole  period  during  which  RD/WR  is  low.  This  will  allow  invalid 
data  to  briefly  appear  at  the  DAC  inputs  during  the  write  cycle. 
This  can  cause  unwanted  glitches  at  the  DAC  output.  Retiming 
the  write  pulse  RD/WR,  so  that  it  only  occurs  when  data  is  valid, 
will  eliminate  the  problem. 


INTERFACING  THE  DAC-8012  TO  MICROPROCESSORS 

Figure  6  shows  the  interface  configuration  for  the  68000 16-bit 
microprocessor.  No  external  logic  is  required  to  write  data  into 
the  DAC  or  to  read  back  data  from  the  DAC-8012  latches.  Analog 
circuitry  has  been  removed  for  clarity. 

FIGURE  6:  66000 16-Bit  Microprocessor  to  DAC-8012  Interface 


ADDRESS  BUS 


3J. 


ADDRESS 
DECODER 


FIGURE  7:  8-Bit  Processor  to  DAC-8012  Interface 


WH  > 


'Oo     DECODED  ADDRESS  FOR  LATCH  TO  DAC  OPERATIONS 
Ot  =  DECODED  ADDRESS  FOR  DATA  BUS  TO  INPUT  LATCH  OPERATION 
Ol  ■  DECODED  ADDRESS  FOR  OUTPUT  LATCH  TO  DATA  BUS  OPERATION 
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DAC-8043 

12-BIT  SERIAL  INPUT 
MULTIPLYING  CMOS  D/A  CONVERTER  IN  8-PIN  PACKAGE 

ADVANCE  PRODUCT  INFORMATION 


FEATURES 

•  12-Bit  Accuracy  in  an  8-Pin  Mini-Dip 

•  Fast  Serial  Data  Input 

•  Double  Data  Buffers 

•  Low  ±1/2  LSB  Max  INL  and  DNL 

•  Max  Gain  Error— ±1  LSB 

•  Low  Sppm/°C  Max  Tempco 

•  ESD  Resistant 


APPLICATIONS 

•  Auto-Calibration  Systems 

•  Process  Control  and  Industrial  Automation 

•  Programmable  Amplifiers  and  Attenuators 

•  Digitally-Controlled  Filters 

GENERAL  DESCRIPTION 

The  DAC-8043  is  a  high  accuracy  12-bit  CMOS  multiplying 
DAC  in  a  space-saving  8-pin  mini-DIP  package.  Featuring  serial 
data  input,  double  buffering,  and  excellent  analog  performance, 
the  DAC-8043  is  ideal  for  applications  where  PC  board  space  is 
at  a  premium.  Separate  input  strobe  and  load-DAC  control  lines 
allow  full  user  control  of  data  loading  and  analog  output. 

The  circuit  consists  of  a  12-bit  serial-in,  parallel-out  shift  regis- 
ter, a  12-bit  DAC  register,  a  12-bit  CMOS  DAC,  and  control  logic. 
Serial  data  is  clocked  into  the  input  register  on  the  rising  edge  of 
the  CLOCK  pulse.  When  the  new  data  word  has  been  clocked 
in,  it  is  loaded  into  the  DAC  register  with  the  LD  input  pin. 

Operating  from  a  single  +5V  power  supply,  the  DAC-8043  is  the 
ideal  low  power,  small  size,  high  performance  solution  to  many 
applications  problems. 


For  applications  requiring  an  asynchronous  CLEAR  function  or 
more  versatile  microprocessor  interface  logic,  refer  to  the 
PM-7543. 

PIN  CONNECTIONS 


• 

I]vDD 

8-PIN  EPOXY  DIP 

"fbCE 

T1  CLK 

(P-Suffix) 

lour  LL 

T]  sni 

8-PIN  CERDIP 

GNO  [T 

T]  LD 
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This  advance  product  information  describes  a  product  in  development  at  Ihe  time  of  this  printing.  Final  specifications  may  vary.  Please  contact 
local  sales  office  or  distributor  for  final  data  sheet. 
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DAC-8212 


DUAL  12- BIT  BUFFERED 
MULTIPLYING  CMOS  D/A  CONVERTER 


FEATURES 

•  Ttoo  Matched  12-Blt  DACs  on  One  Chip 

•  Direct  Parallel  Load  of  All  12  Bits  for  High  Data  Throughput 

•  On-Chlp  Latches  for  Both  DACs 

•  12-Bit  Endpolnt  Linearity  (±1/2  LSB) 

•  +5V  to  +15V  Single  Supply  Operation 

•  DACs  Matched  to  1% 

•  Four-Quadrant  Multiplication 

•  Low  Power  Consumption 

APPLICATIONS 

•  Automatic  Test  Equipment 

•  Robotics 

•  Programmable  Instrumentation  Equipment 

•  Digital  Gain/Attenuation  Control 

•  Ideal  for  Battery-Operated  Equipment 

ORDERING  INFORMATION! 


PACKAGE 

RELATIVE 
ACCURACY 

GAIN 
ERROR 

MILITARY* 
TEMPERATURE 

-WClQ+ttS-C 

INDUSTRIAL  COMMERCIAL 
TEMPERATURE  TEMPERATURE 
-25°CtO+85*C  0"CtO+70*C 

±1/2  LSB 
±1  LSB 
±1  LSB 

±2  LSB 
±4  LSB 
±4  LSB 

DACB212AV 
DAC8212BV 

DACB212EV 
DAC8212FV 

DAC8212GP 
DAC8212HP 
DAC8212HPCH 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /6S3  after 

part  number.  Consult  factory  for  883  data  sheet. 
!  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book.  Section  2. 
ft  For  availability  and  burn-in  information  on  SO  and  PLCC  packages. 

contact  your  local  sales  office. 


GENERAL  DESCRIPTION 

The  DAC-8212  combines  two  identical  12-bit,  multiplying,  digital- 
to-analog  converters  into  a  single  CMOS  chip.  Monolithic 
construction  offers  excellent  DAC-to-DAC  matching  and  track- 
ing over  the  full  operating  temperature  range.  The  DAC-8212 
consists  of  two  thin-film  R-2R  resistor-ladder  networks,  two 
12-bit  data  latches,  one  12-bit  input  buffer,  and  control  logic. 
The  DAC-8212  can  operate  on  a  single  supply  from  +5V  to + 15V. 
Maximum  power  dissipation  with  CMOS  logic  levels  and  a  +5V 
supply  is  less  than  0.5mW.  The  DAC-8212  is  manufactured 
using  PMI's  highly-stable,  thin-film  resistors  on  an  advanced 
oxide-isolated,  silicon-gate,  CMOS  process.  PMI's  improved 
latch-up  resistant  design  eliminates  the  need  for  external 
protective  Schottky  diodes. 

A  common  12-bit  (TTL/CMOS  compatible)  input  port  is  used  to 
load  a  12-bit-wide  word  into  either  of  the  two  DACs.  This  port, 
whose  data  loading  is  similar  to  that  of  a  RAM's  write  cycle, 
interfaces  directly  with  most  12-bit  and  16-bit  bus  systems.  With 


WR  and  CS  lines  at  logic  low,  the  input  data  latches  are 
transparent.  This  allows  direct  unbuffered  data  to  flow  directly 
to  the  DAC  output  selected  by  DAC  A/DAC  B  control  input. 

PIN  CONNECTIONS 
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ABSOLUTE  MAXIMUM  RATINGS 

(Ta  =  +25°C,  unless  otherwise  noted.) 

VDD  to  AGND  '.  ....0V.+T7V 

VDDtoDGND  0V.+17V 

AGND  to  DGND  -0.3V,  V00 +0.3 

Digital  Input  Voltage  to  DGND  -0.3V,  VDD +0.3 

IoutA.  IoutB  to  AGND   -0.3V,  VD0  +0.3 

VREFA,  VrefB  to  AGND  ±25V 

VrfbA.  VrfbB  to  AGND    ±25V 

Power  Dissipation  (Any  Package)  to  +75°C   450mW 

Derate  Above  +75°C  by  6m\NrC 

Operating  Temperature  Range 

AV,  BV  Versions  -56°C  to  +125°C 

EV,  FV  Versions  -25°C  to  +85"C 

GR  HP,  HPC  Versions  0°C  to  +70°C 


Dice  Junction  Temperature  +150°C 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)   +300°C 

CAUTION: 

1.  Do  not  apply  voltages  higher  than  Vqo  or  less  than  GND  potential  on  any 
terminal  except  V,^  and  RFr> 

2.  The  digital  control  inputsarezener-protected;  however,  permanentdamage 
may  occur  on  unprotected  units  from  high-energy  electrostatic  tields.  Keep 
units  in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Do  not  insert  this  device  into  powered  sockets;  remove  power  before 
insertion  or  removal. 

4.  Use  proper  anti-static  handling  procedures. 

5.  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  at  or  above  this  specification  is  not  implied.  Exposure  to  above 
maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 


ELECTRICAL  CHARACTERISTICS  at  VD0= +5V  or  +15V,  VREFA  =  VREFB  =  +10V,  V0utA  =  V0utB  =  OV;  AGND  =  DGND  =  OV; 
TA  =  -55°C  to  +125°C  apply  for  DAC-8212AV/BV;  TA  =  -25°C  to  +85°C  apply  for  DAC-8212EV/FV;  TA  =  0°C  to  +70°C  apply  for 
DAC-8212GP/HB'HPC,  unless  otherwise  noted.  Specifications  apply  for  DAC  A  and  DAC  B. 


DAC-8212 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

STATIC  ACCURACY 

Specifications  apply  to  both  DAC  A  and  DAC  B 

Resolution 

N 

12 

Bits 

Relative  Accuracy 

INL 

,    _  DAC-8212A/E/G 
EndpointLmearity  Error  dac.82128/f/h 

±1/2 
±1 

LSB 

Differential  Nonlinearity 

DNL 

All  Grades  are  Monotonic 

±1 

LSB 

Full  Scale  Gain  Error 

DAC-8212A/E/G 

TA=+25C  DAC-8212B/F/H 

±2 
±4 

LSB 

(Note  1) 

Gfse 

,      ,  ,  „        „  DAC-8212A/E/G 
TA=  Full  Temp.  Range  DAC-8212B/F/H 

±3 
±6 

Gain  Temperature 

Coefficient 

TCQFS 

(Notes  2.  7) 

±2 

±5 

ppm/°C 

AGain/ATemperature 

Output  Leakage  Current 
lOUTA  (Pin  2). 
IoutB  (Pin  24) 

'lko 

All  Digital  Inputs  =                TA  =  +2S°C 

0000  0000  0000                    TA  =  Full  Temp.  Range 

±5 

±50 
±100 

nA 

Input  Resistance 
(VrefA.  VrefB) 

RREF 

a 

11 

15 

kfl 

(VrefA'VrefB) 
(Input  Resistance  Match) 

AV„EFA.  b 

±0.2 

±1 

% 

DIGITAL  INPUTS 

Digital  Input  High 

VDD  =  +SV 

2.4 

V 

V,NH 

V0D=+1SV 

13.S 

Digital  Input  Low 

Voo  =  +SV 

0.8 

V 

V,NL 

V00  =  +15V 

1.5 

Input  Current 

■iM 

V1N  =  0VorVOD                       TA  =  +2S'C 

and  V,NL  or  V,NH                   TA  =  Full  Temp.  Range 

±.001 

±1 
±10 

fA 

Input  Capacitance 
(Note  2) 

DB0— DB11 

WR.  CS.  DAC  A/DAC  B 

10 
15 

PF 
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ELECTRICAL  CHARACTERISTICS  at  VD0  =  +5V  or  +  15V,  VREFA  =  VBEfB  =  +  10V.  V00tA  =  V0utB  =  0V;  AGND  =  DGND  =  OV; 
Tft  =  -WC  to  +125-C  apply  for  DAC-8212AV/BV;  TA  =  -25°C  to  +85°C  apply  (or  DAC-8212EV/FV;  TA  =  0°C  to  +70°C  apply  lor 
DAC-8212GP/HB'HPC,  unless  otherwise  noted.  Specifications  apply  for  DAC  A  and  DAC  B.  (Continued) 


DAC-8212 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN         TYP  MAX 

UNITS 

SWITCHING  CHARACTERISTICS 

(Notes  2, 3) 

Chip  Select  to 
Write  Set-Up  Time 

>C3 

230  ,.       -  - 

ns 

Chip  Select  to 
Write  Hold  Time 

'CH 

30           -  — 

ns 

DAC  Select  to 
Write  Set-Up  Time 


230 


DAC  Select  to 
Write  Hold  Time 

30 

ns 

DAC  Select  Set-Up 
Write  Time 

'oss 

0 

ns 

Data  Valid  to 
Write  Set-Up  Tlma 

>DS 

230 

ns 

Data  Valid  to 
Write  Hold  Time 

lDH 

0 

ns 

Write  Pulse  Width 

230 

ns 

POWER  SUPPLY                    .       .                             .  .. 

Supply  Current 

'oo 

Ail  Digital  Inputs  V(NL  or  VtNH 

2 

mA 

All  Digital  Inputs  OV  or  VDD 

10 

100 

*"A 

DC  Supply  Rejection 
(JGainAW0D) 

PSR 

;1VDD  =  ±5% 

0.002 

%/% 

AC  PERFORMANCE  CHARACTERISTICS 
(Note  2) 

Propagation  Delay 
(Notes  4, 5) 

TA=+25»C 

300 

ns 

Current  Settling  Time 
(Notes  S.  6) 


TA  =  +25"C 


Output  Capacitance 


CfjUT6 


DAC  Latches  Loaded 
with  0000  0000  0000 


CqutB 


DAC  Latches  Loaded 
with  1111 1111  1111 


90 
90 


120 
120 


pF 


AC  Feedthrough  at 
IqutA  or  IoutB 


VBeFAtolOUTA:VBEfA  =  20Vp.|, 
f  =  100kHz;  TA  =  +25°C 


FTo 


VREFBtolouTB;Vl,EFB  =  20Vp.p. 
f  =  100kHz:  TA  =  +25'C 


-70 


dB 


NOTES: 

1.  Measured  using  Internal  RFQA  and  RfqB.  Both  DAC  digital  inputs  = 
1111 1111 1111.  Gain  error  is  adjustable  using  the  circuits  ol  Figures  4  and  5. 

2.  Guaranteed  and  not  tested. 

3.  See  timing  diagram. 

4.  From  50%  of  digital  input  to  90%  of  final  analog  output  current.  VnEFA  = 
VHEFB  =  +10V:  OUT  A.  OUT  B  load  =  10011.  CEXr  =  13pF. 


5.  WR.  CS  =  0V;  DB0-DB11  =  0V  to  V0D  or  V00  to  0V. 

6.  Settling  time  is  measured  from  50% of  the  digital  input  change  to  where  the 
output  voltage  settles  within  1/2  LSB  of  full  scale. 

7.  Gain  TC  Is  measured  from  +2S°C  to  TM,N  or  from  +25°C  to  TMx- 
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DICE  CHARACTERISTICS 


DIE  SIZE  0.137  x  0.114  inch.  15,618  sq.  mils 
(3.48  X  2.90mm.  10.10  sq.  mm) 


WAFER  TEST  LIMITS  at  VDD  =  +5V  or  +15V,  VREFA  =  VREFB  =  +10V.  VqutA  = 

VOUTB  =  0V;  AGND  = 

DGND  =  0V;TA  =  25°C. 

PARAMETER 

SYMBOL 

CONDITIONS 

DAC-8212G 

LIMIT 

UNITS 

Relative  Accuracy 

INL 

Endpotnt  Linearity  Error 

11 

LSB  MAX 

Differential  Nonlinearity 

DNL 

(Note  1) 

±1 

LSB  MAX 

Full  Scale 
Gain  Error  (Note  2) 

GFSE 

Digital  Inpuls  =1111  1111  1111 

±4 

LSB  MAX 

Output  Leakage 
('out*-  'outB) 

'lkG 

Digital  Inputs  =  0000  0000  0000 
Pad  2  and  24 

±50 

nA  MAX 

Input  Resistance 
<VREFA.  V„EF8) 

RREF 

Pad  4  and  22 

8/15 

kflMIN/ 
MIMAX 

V„EFA/VREPB  Input 
Resistance  Match 

-IVrefA.  b 

±1 

%  MAX 

Digital  Input 
High 

V,NH 

VDD  =  +5V 
VDD=+15V 

24 
13.5 

V  MIN 

Digital  Input 
Low 

V,NL 

VDD=+5V 
VD0=-M5V 

08 

1.5 

V  MAX 

Digital  Input 
Current 

'in 

VIN  =  0Vor  V0D:  VINL  or  V,N„ 

±1 

^A  MAX 

Supply  Current 

'dd 

All  Digital  Inputs  V,NLor  V,NH 
All  Digital  Inputs  0V  or  VDD 

2 
0.1 

mA  MAX 

DC  Supply  Rejection 
<.JGain/.WDD) 

PSR 

.WDD=±5% 

0.002 

%/%  MAX 

NOTES: 

1.  All  grades  are  monotonic. 

2.  Measured  using  internal  RpgA  and  Rfbb 

Electrical  tests  are  performed  al  wafer  probe  lo  the  limits  shown.  Duo  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not  guaranteed 
(or  standard  product  dice.  Consult  factory  to  negotiate  specilicalions  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


SUPPLY  CURRENT  V8  LOGIC  THRESHOLD  VOLTAGE  ANALOG  CROSSTALK 

LOGIC  LEVEL  vs  SUPPLY  VOLTAGE  vs  FREQUENCY 


NONLINEARITY  vs 
DIGITAL  CODE  (VD0  =  +5V) 


«0.« 


♦25*  C 

A* 

Si 

5t2    1024  IS»  IMS  2560  3972  3584  40911 
OI0ITAL  INPUT  CODE  (DECIMAL! 


NONLINEARITY  vs 
DIGITAL  CODE  (VBD  =  +15V) 


•  I.U 

♦0.0 
«0.« 
•0.4 
»02 
0 

-02 

"I  1 

T4  -  rtPC 

VRE 

F-*1 

JV 

-0.4 
-0.6 

-ae 

_i  n 

512    1024  1536  2048  2560  3072  3S84  4090 
DIGITAL  INPUT  CODE  (DECIMAL! 


BURN-IN  CIRCUIT 


VREF- 
*t0Vi0.5V  V 


i  i 


♦i5vtasv 

Q 


NOTES: 

1.  CI  -  C24.7(iF  TANTALUM,  50V  DC;  EVERY  10TH  DEVICE. 

2.  C3-C40.0VFCERAMIC,WVOC.eVERV10THDEVICE. 

3.  ALL  MATERIAL  TO  WITHSTAND  150*C. 
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WRITE  CYCLE  TIMING  DIAGRAM 


A. 


X. 


jr. 


DATA  IN  (080-03111 


DATA-IN  STABLE 


.  v00 


•  "00 


NOTES: 

1.  ALL  INPUT  SIGNAL  RISE  AND  FALL 
TIMESMEASURED  FROM  10%  TO  60% 
OFVoq. 

Vbd-w.v-^-jom: 

VDD-«ISV.t,.t,-«m. 

2.  TIMING  MEASUREMENT  REFERENCE 
,rvs,  .«V[NH*V|NL 


PARAMETER  DEFINITIONS 
RESOLUTION  (n) 

The  resolution  of  a  OAC  is  the  number  of  states  (2")  that  the 
FSR  is  divided  (or  resolved)  into,  where  n  is  equal  to  the  number 
of  bits. 

INTEGRAL  NONLINEARITY  (INL)  OR  NONLINEARITY  (NL) 

This  is  the  single  most  important  DAC  specification.  PMI 
measures  INL  as  the  maximum  deviation  of  the  analog  output 
(from  the  ideal)  from  a  straight  line  drawn  between  the  end 
points,  expressed  as  a  percent  of  full-scale  range  or  in  terms  of 
LSBs. 

For  DACs,  a  specification  of  ±1/2  LSB  INL  guarantees  mono- 
tonicity  and  ±1  LSB  maximum  differential  nonlinearity. 

DIFFERENTIAL  NONLINEARITY  (DNL) 

Differential  nonlinearity  is  the  worst  case  deviation  of  any 
adjacent  analog  outputs  from  the  ideal  1  LSB  step  size.  The 
deviation  of  the  actual  "step  size"  from  the  ideal  step  size  of 
1  LSB  is  called  differential  nonlinearity  error  or  DNL.  DACs  with 
DNL  greater  than  ±1  LSB  may  be  nonmonotonic.  Maximum 
DNL  error  is  less  than  or  equal  to  twice  the  maximum  INL. 

GAIN  ERROR  (GFSE) 

The  difference  between  the  actual  and  the  ideal  analog  output 
range,  expressed  as  a  percent  of  full-scale  or  in  terms  of  LSB 
value.  It  is  the  deviation  in  slope  of  the  DAC  transfer  character- 
istic from  ideal. 

SETTLING  TIME 

Settling  time  is  the  elapsed  time  for  the  analog  output  to  reach 
its  final  value  within  a  specified  error  band  after  a  digital  input 
code  change,  it  is  usually  specified  for  a  full-scale  change  and 
measured  from  the  50%  point  of  the  logic  input  change  to  the 
time  the  output  reaches  its  final  value  within  the  specified  error 
band. 

PROPAGATION  DELAY 

This  is  a  measure  of  the  internal  delays  of  the  DAC.  It  is  defined 
as  the  time  from  a  digital  input  change  to  the  analog  output- 
current  reaching  90%  of  its  final  value. 


OUTPUT  CAPACITANCE 

Output  capacitance  is  that  capacitance  between  loinA 
IoutB.  and  AGND. 

A.C.  FEEDTHROUGH 

The  ratio  of  the  amplitude  of  signal  at  the  DAC  output  to  the 
reference  input  with  all  DAC  switches  off.  This  parameter  is 
expressed  in  dBs. 


D/A  CONVERTER  SECTION 

Figure  1  shows  a  simplified  circuit  of  the  D/A  converter  section 
of  a  single  DAC.  R  is  typically  11kfl.  Figure  2  gives  an  ap- 
proximate equivalent  switch  circuit. 

The  binary-weighted  currents  are  switched  between  lOUT  and 
AGND  by  N-channel  MOS  transistor  switches.  This  maintains  a 
constant  current  in  each  ladder  leg  independent  of  switch  state. 
It  is  important  that  both  N-channel  switch  "ON"  resistances  be 
matched  so  that  the  linearity  errors  can  be  kept  at  a  minimum. 

FIGURE  1:  Simplified  D/A  Circuit 


FIGURE  2:  N-Channel  Current  Steering  Switch 


FROM 
INTERFACE 
LOGIC 


AGND  'OUT 
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This  also  dictates  that  the  voltage  difference  between  I  out  and 
AGND  terminals  be  as  close  to  zero  as  practical.  This  is  easily 
accomplished  by  tying  AGND  to  the  noninverting  input  of  an 
operational  amplifier  and  I  out  to  the  inverting  input.  The  op 
amp  feedback  can  then  be  tied  directly  to  the  RFb  terminal  of  the 
DAC;  this  will  close  the  loop.  The  op  amp,  then,  serves  a  two- 
fold function:  it  maintains  the  voltage  difference  between  the 
DAC  output  terminals  at  virtual  zero  volts,  and  performs  the 
current-to-voltage  conversion  for  the  DAC's  output  current. 
The  output  voltage  is  then  dependent  on  the  digital  input  code. 

Input  resistance  at  Vref  (Figure  1)  is  always  equal  to  R-LDR 
(Ft-LDR  is  the  R/2R  resistor  ladder  characteristic  resistance  and 
is  equal  to  value  "R").  Since  the  input  resistance  at  Vref  pin  is 
constant,  the  reference  terminal  can  be  driven  by  a  reference 
voltage  or  current,  AC  or  DC,  of  positive  or  negative  polarity.  (If 
a  current  source  is  used,  a  low-temperature-coefficient  external 
Rfb  resistor  is  recommended  to  define  scale  factor). 

The  capacitance  at  I  out  terminal,  Cout,  is  code  dependent  and 
varies  from  90pF  (all  digital  inputs  at  AGND)  to  120pF  (all  digital 
inputs  HIGH). 


DIGITAL  SECTION 

Figure  3  shows  the  digital  structure  for  one  bit.  The  digital 
signals  CONTROL  and  CONTROL  are  generated  from  CS  and 
WR. 

FIGURE  3:  Digital  Input  Structure 


CONTROL  CONTROL 


The  input  buffers  are  simple  CMOS  inverters  designed  such 
that  when  the  DAC-8212  is  operated  with  VDD = +5V,  the  buffers 
convert  TTL  input  levels  (2.4V  and  0.8V)  into  CMOS  logic  levels. 


When  the  digital  inputs  are  in  the  region  of  1.2  to  2.8V  with  a  +5V 
power  supply,  or  1.2  to  13.SV  with  a  +15V  power  supply,  the 
input  buffers  operate  in  their  linear  region  and  draw  current 
from  the  power  supply.  It  is,  therefore,  recommended  that  the 
digital  input  voltages  be  as  close  to  the  supply  rails  (Vqd  and 
DGND)  as  is  practically  possible  to  keep  supply  currents  at  a 
minimum.  The  DAC-8212  may  be  operated  with  any  supply 
voltage  in  the  range  +5V  <  VDD<  +15V.  The  Input  logic  levels  are 
CMOS  compatible  (1.5V  and  13.5V)  at  V0D  =  +15V. 

BASIC  APPLICATIONS 
UNIPOLAR  OUTPUT  CIRCUIT 

Figure  4  shows  a  simple  unipolar  (2-quadrant  multiplication) 
circuit  using  the  DAC-8212,  and  Table  1  shows  the  code  table. 
Resistors  R1,  R2,  and  R3,  R4,  are  used  only  if  full-scale  gain 
adjustments  are  required.  Maximum  full-scale  error  without 
these  resistors  for  the  top  grade  device  and  VREF  =  +10V  is 


TABLE  1:  Unipolar  Binary  Code  Table  (Refer  to  Figure  4) 


BINARY  NUMBER  IN 
DAC  REGISTER 
MSB  LSB 

ANALOG  OUTPUT,  V0UT 
(DAC  A  or  DAC  B) 

1111  1111  1111 

-Vref  I 

f  4095  \ 
^  4096  ) 

1000  0000  0000 

-Vref I 

f  2048  \  1 

k  4096  /     ~2  REF 

0000  0000  0001 

-Vref 

,4096  ) 

0000  0000  0000 

OV 

NOTE: 

1LSB  =  (2-,2>  (VflEF)=— (VREF) 


FIGURE  4:  Dual  DAC  Unipolar  Operation  (2-Quadrant  Multiplication) 
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0.048%,  and  0.097%  for  the  low  grade  device.  See  Table  3  for 
recommended  values  if  using  these  resistors.  Full-scale  output 
voltage  =  VREF-1  LSB  =  Vref*  (1 "  2"12)  or  VnEF  X  (4095/4036) 
with  all  digital  inputs  high.  Low  temperature  coefficient  (ap- 
proximately 50ppm/°C)  resistors  or  trimmers  should  be  used. 
Full-scale  can  also  be  adjusted  by  varying  VREF  voltage. 

BIPOLAR  OUTPUT  CIRCUIT 

Figure  5  shows  how  the  DAC-8212  can  be  configured  to  operate 
in  the  bipolar  mode  (4-quadrant  multiplication),  and  Table  2 
shows  the  code  table.  As  with  the  unipolar  circuit  of  Figure  4, 
resistors  R1,  R2,  and  R3,  R4,  are  used  only  if  full-scale  gain 
adjustment  is  required.  Table  3  gives  recommended  values.  R1 
and  R3  are  used  to  adj  ust  for  zero  voltage  at  the  output  of  DAC  A 
or  DAC  B  respectively.  The  voltage  is  adjusted  with  the  digital 
inputs  set  to  1000  0000  0000  for  DAC  A  or  DAC  B.  Matching  and 
tracking  is  essential  for  resistor  pairs  R6,  R7,  and  R9,  R10. 
Capacitors  C1  and  C2  (10— 15pF)  provide  phase  compensa- 
tion; they  are  required  if  using  high  speed  op  amps  to  prevent 
ringing  or  oscillations. 

To  maintain  monotonicity  and  minimize  gain  and  linearity 
errors,  it  is  recommended  that  the  op  amp  offset  voltage  be 
adjusted  to  less  than  10%  of  1  LSB  (244pV)  over  the  operating 
temperature  range. 

PROGRAMMABLE  WINDOW  DETECTOR 

Figure  6  shows  the  DAC-8212  used  in  a  programmable  win- 
dow detector.  The  required  upper  and  lower  limits  for  the  test 
are  loaded  into  DAC  A  and  DAC  B.  If  a  signal  at  the  test  input  is 
not  within  the  programmed  limits,  the  output  will  indicate  a 
logic  zero. 


TABLE  2:  Bipolar  (Offset  Binary)  Code  Table  (Refer  to  Figure  5) 


BINARY  NUMBER  IN 
DAC  REGISTER 
MSB  LSB 

ANALOG  OUTPUT,  V0UT 
(DAC  A  or  DAC  B) 

1111  1111  1111 

+Vref  (  IS  ) 

1000  0000  0001 

+VREF(2048  ) 

1000  0000  0000 

OV 

0111  1111  1111 

"VREF(204a) 

0000  0000  0000 

~Vref  ( ) 

NOTE 


TABLE  3:  Recommended  Trim  Resistor  Values  vs  Grade  for 
Figures  4  and  5 


TRIM 

RESISTOR  BV/FV/HP  AV/EV/GP 

R1.R3  SOOfl  200O 
R2,  R4   150fl  820 


FIGURE  5:  Dual  DAC  Bipolar  Operation  (4-Quadrant  Operation) 
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APPLICATION  HINTS 
GROUND  MANAGEMENT 

Transient  voltages  between  AGND  and  OGND  can  appear  as 
noise  at  the  DAC-8212's  output.  Figure  7  shows  all  analog 
grounds  tied  together  and  one  connection  from  digital  ground 
to  analog  ground.  Note  that  AGND  and  OGND  take  off  on  their 
own  ground  paths,  i.e.,  power  grounds  are  kept  separate  from 
analog  grounds.  DGND  pin  is  the  return  forsupply  currents  and 
serves  as  the  reference  point  forthedigitai  inputs.  Thus,  DGND 
should  be  connected  to  the  same  ground  as  the  circuitry  which 
drives  the  digital  inputs.  AGND  is  the  high-quality  analog 
ground  connection;  this  pin  should  serve  as  the  reference  point 
for  all  analog  ground  connections.  It  is  recommended  that  any 
analog  signal  path  carrying  significant  currents  have  its  own 
return  connection  as  shown  in  Figure  7. 

POWER  SUPPLY  DECOUPLING 

Power  supplies  used  with  the  DAC-8212  should  be  well  filtered 
and  regulated.  Local  supply  decoupling  consisting  of  a  1&yF 
tantalum  capacitor  in  parallel  with  a  O.VF  ceramic  is  highly 
recommended.  The  decoupling  capacitors  should  be  connec- 
ted between  the  DAC-8212  supply  pin  (VDD)  and  AGND  pin. 

WRITE  ENABLE  TIMING     

During  the  period  when  both  CS  and  WR  are  held  low,  the 
selected  DAC  latch  is  transparent  and  its  analog  output 

FIGURE  6:  Digitally-Programmable  Window  Detector  (Upper  and  Lower  Limit  Detector) 


responds  directly  to  the  data  on  the  data  bus  line,  DBO— DB11. 
Unwanted  variations  may  appear  at  the  input,  therefore,  the  WR 
line  should  not  go  low  until  the  data  bus  is  fully  settled  (DATA 
VALID). 

FIGURE  7:  Recommended  Ground  Connections 
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MICROPROCESSOR  INTERFACE 

Interfacing  to  an  8-bit  or  16-bit  bus  system  has  been  simplified 
by  the  loading  structure  versatility  of  the  DAC-8212.  Data 
loading  into  its  12-bit  wide  data  latch  is  simplified  by  the  use  of 
only  two  control  signals,  CS  and  WR. 

8-BIT  MICROPROCESSORS 

8085A  Microprocessor  Interface:  Loading  data  into  the  DAC- 
8212's  12-bit  wide  latch  from  an  8-bit  bus  will  require  two  write 
cycles  from  the  microprocessor.  Data  occupies  two  adjacent 
locations  in  the  microprocessor's  memory;  several  formats  are 
possible  and  depends  on  the  one  desired.  One  scheme  for 
interfacing  the  DAC-8212  to  the  8085A  8-bit  microprocessor  is 
shown  in  Figure  8.  Four  MSBs  are  latched  into  the  74LS75 
latch  in  the  first  cycle,  and  the  entire  12-bit  word  is  then  loaded 
into  the  DAC-8212's  data  latch  on  the  next  write  cycle.  An 
alternate  scheme  would  be  to  use  an  8-bit  latch  so  that  the  user 
can  load  the  lower  order  bits  in  the  first  cycle.  The  74LS139  is  a 
dual  1  of  4  address  decoder  that  supplies  control  signals  for 


DAC  selection,  CS,  high  byte,  and  low  byte.  The  NAND  gate 
and  inverter  provides  a  constant  chip  select  active-low  signal 
while  allowing  the  decoder  to  select  either  DAC  A  or  DAC  B. 

6800  Microprocessor  Interface:  Because  the  DAC-8212  has  a 
versatile  data  bus  structure,  interfacing  it  to  the  6800  micro- 
processor is  simplified  and  similar  to  that  of  the  808SA  micro- 
processor circuit  above.  The  circuit  is  shown  in  Figure  9. 

16-BIT  MICROPROCESSORS 

Figures  10  and  1 1  show  the  DAC-8212's  interface  schemes  for  the 
8086  and  68000  16-bit  microprocessors.  Circuit  simplicity  is 
achieved  by  connecting  the  DAC's  data  bus  directly  to  the 
microprocessor.  The  12-blt  wide  word  is  written  to  the  DAC  in 
one  MOV  instruction.  The  address  decoder  provides  the  DAC 
select  and  chip  select  signals  and  is  programmed  by  the 
microprocessor. 


FIGURE  8:  DAC-8212  Dual  DAC  Interface  with  the  8085A  8-Bit  Microprocessor 
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FIGURE  9:  DAC-8212  Dual  DAC  Interface  with  the  6800  8-Blt  Microprocessor 
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FIGURE  10:  DAC-8212  Dual  DAC  Interface  to  the  8086  16-Bit  Microprocessor 
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FIGURE  11:  DAC-8212  Dual  DAC  Interface  to  the  66000  16-Bit  Microprocessor 
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FEATURES 

•  TWo  Matched  12-Blt  DACs  on  One  Chip 

•  Packaged  In  a  Narrow  0.3"  24-Pln  DIP 

•  Direct  Parallel  Load  of  All  12  Bits  for  High  Data  Throughput 

•  On-Chlp  Latches  for  Both  DACs 

•  12-Bit  Endpolnt  Linearity  (±1/2  LSB)  Over  Temperature 

•  +5V  to +15V  Single  Supply  Operation 

•  DACs  Matched  to  1% 

•  Four-Quadrant  Multiplication 

•  Improved  ESD  Resistance 

APPLICATIONS 

•  Automatic  Test  Equipment 

•  Industrial  Automation 

•  Robotics/Process  Control 

•  Programmable  Instrumentation  Equipment 

•  Programmable  Gain/Attenuation  Control 

•  Ideal  for  Battery-Operated  Equipment 

ORDERING  INFORMATION!  

PACKAGE 


RELATIVE      GAIN       MILITARY'       INDUSTRIAL  COMMERCIAL 
ACCURACY   ERROR  TEMPERATURE  TEMPERATURE  TEMPERATURE 
(+SVor+15V)       -SSaCto+125°C  -40,Cto+85»C  O-Cto+rO'C 


±  1/2  LSB  ±2  LSB 
±1  LSB  ±4  LSB 
+  1LSB      ±4  LSB 


OAC8221AW        DAC6221 EW  DAC8221GP 

—  DAC8221FW  OAC8221HP 

-  —  DAC8221HPCH 


'  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add/883  alter 

part  number.  Consult  factory  lor  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1SS8 
Data  BooK.  Section  2. 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 
contact  your  local  sales  office. 


GENERAL  DESCRIPTION 

The  DAC-8221  combines  two  identical  12-bit,  multiplying,  digital- 
to-analog  converters  into  a  single  CMOS  chip.  This  device  is 
electrically  similar  to  DAC-8212  with  improved  microprocessor 
interface  timing  and  is  packaged  in  a  narrow  0.300"  DIP.  Mono- 
lithic construction  offers  excellent  DAC-to-DAC  matching  and 
tracking  over  the  full  operating  temperature  range.  The  DAC- 
8221  consists  of  two  thin-film  R-2R  resistor-ladder  networks, 
two  12-bit  data  latches,  one  12-bit  input  buffer,  and  control 
logic.  The  DAC-8221  operates  on  a  single  supply  from  +5V  to 
+1SV.  Maximum  power  dissipation  with  OV  and  +5V  logic  levels 
and  a  +5V  supply  is  less  than  O.SmW.  The  DAC-8221  is  manu- 
factured using  PMI's  highly-stable,  thin-film  resistors  on  an 
advanced  oxide-isolated,  silicon-gate,  CMOS  process.  PMI's 
improved  latch-up  resistant  design  eliminates  the  need  for 
external  protective  Schottky  diodes. 


DAC-8221 

DUAL  12-BIT  BUFFERED 
MULTIPLYING  CMOS  D/A  CONVERTER 

PRELIMINARY 

A  common  12-bit  (TTL/CMOS  compatible)  input  port  is  used  to 
load  a  12-bit-wide  word  into  either  of  the  two  DACs.  This  port, 
whose  data  loading  is  similar  to  that  of  a  RAM's  write  cycle, 
interfaces  directly  with  most  12-bit  and  16-bit  bus  systems.  With 
WR  and  CS  lines  at  logic  low.  the  input  data  latches  are  trans- 
parent. This  allows  direct  unbuffered  data  to  flow  directly  to  the 
DAC  output  selected  by  DAC  A/DAC  B  control  input. 
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agnd(T  •  V- 

E]  '0UTB 

'ootA|T 

a\  RFae 

»fB»LI 

jzj  VRtFB 

VB6F*E 

EJvdd 

DGND  [£ 

5)bh 

DBIlfT 

"jCS 

oato(T 

n\  DAC  A/DAC  B 

DSSfT 

ifJOBO 

oasfF 

mJobi 

rwfjo 

u]DB2 

mJdoj 

DBS  [17 

TljDBi 

24-PIN 
0.3"  CERDIP 
(W-Sufflx) 

24-PIN 
EPOXY  DIP 
(P-Sufflx) 


28-LEAD  PLCC 
(PC-Suffix) 


<   «    a  o  M  sa 

✓  LtJljJlljL!jl£!ll=Jl»J\ 

v«t*A  JJ  [H  v00 

oono  JJ  |»  WR 

DS11  JJ  [3  7SS 

HC  7J  @  NC 

DBU  7J  [l»  DAC  A/DAC  B 

DB9  jo]  [»  DBO 

dbs  3  Gi  °B1 
\nnnrirarararann7 

»»  s  **  u  *  *>  ** 

n  n  m  »  o   m  a 

«    n    n  *    ft    n  f\ 


FUNCTIONAL  DIAGRAM 
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This  preliminary  product  Information  Is  based  on  testing  of  a  limited  number  of  devices.  Final  specifications  may  vary, 
office  or  distributor  for  final  data  sheet. 
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ABSOLUTE  MAXIMUM  RATINGS 

(TA=  +25°C,  unless  otherwise  noted.) 

Vpo  to  AGND  „0V,+T7V 

VDDtoDGND  0V.+17V 

AGND  to  DGND  -0.3V,  VDd+0  3V 

Digital  Input  Voltage  to  DGND  -0.3V,  VDD  +0.3 

IoutA,  IoutB  to  AGND   -0.3V,  VDD+0.3 

VREfA,  VrefB  to  AGND  ±25V 

VrfbA,  VrfbB  to  AGND  ±25V 

Power  Dissipation  (Any  Package)  to  +75°C  450mW 

Derate  Above  +75°C  by  :  6mW/°C 

Operating  Temperature  Range 

AW  Version   -55°C  to  +125"C 

EW,  FW  Versions  -40°C  to  +85°C 

GR  HP,  HPC  Versions  0"C  to  +70°C 


Dice  Junction  Temperature  +150°C 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 

CAUTION: 

1.  Do  not  apply  voltages  higher  than  Vqq  or  less  than  GNO  potential  on  any 
terminal  except  VBEF  and  RFB. 

2.  Thedigital  control  inputs  arezener-prolected;  however,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep 
units  in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Do  not  Insert  this  device  into  powered  sockets;  remove  power  before 
insertion  or  removal. 

4.  Use  proper  anti-static  handling  procedures. 

5.  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  at  or  above  this  specification  is  not  implied.  Exposure  to  above 
maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V  or +15V,  VREFA  =  VrefB  = +10V,  V0utA  =  V0utB  =  0V;  AGND  =  DGND  =  0V; 
TA  =  -6S°C  to  +125°C  apply  for  DAC-8221AW;  TA  =  -40°C  to  +85"C  apply  for  DAC-8221 EW/FW;  TA  =  0°C  to  +70°C  apply  for 
DAC-8221GP/HP/HPC,  unless  otherwise  noted.  Specifications  apply  for  DAC  A  and  DAC  B. 


PARAMETER 

SYMBOL 

CONOITtONS 

MIN 

DAC-8221 
TYP 

MAX 

UNITS 

STATIC  ACCURACY 

Specifications  apply  to  both  DAC  A  and  DAC  B 

Resolution 

N 

12 

Bits 

Relative  Accuracy 

INL 

^  -              DAC-8221 A/E/G 
Endpoint  Linearity  Error  r^c^F/H 

±1/2 
±1 

LSB 

Differential  Nonlinearity 

DNL 

All  Grades  are  Monotonic 

±1 

LSB 

Full  Scale  Gain  Error 

DAC-8221  A/ E/G 
TA-+25C  DAC-B221F/H 

±2 
±4 

LSB 

(NoteO 

Qfse  — 

,     „  „,       „  DAC-B221A/E/G 
=      Temp.  Range  DAC-6i2yfM 

±3 
±6 

Gain  Temperature 
Coefficient 
AGain/ATemperature 

TCGFS 

(Notes  2. 7) 

±2 

±5 

ppm/"C 

Output  Leakage  Current 
l0UTA  (Pin  2). 
l0UrB  (Pin  24) 

■uuj 

All  Digital  Inputs  =                TA  =  +25°C 

0000  0000  0000                    TA  =  Full  Temp.  Range 

±5 

±50 
±100 

nA 

Input  Resistance 
(VhefA-VbefB) 

RflEf 

8 

11 

IS 

kll 

(VREfAWREFB| 
(Input  Resistance  Match) 

AVBEFA.  b 

±02 

±1 

« 

DIGITAL  INPUTS 

Digital  Input  High 

V.NH 

Vdd  =  +5V 

2.4 

V 

VD0  =  +15V 

13.5 

Digital  Input  Low 

VDD=+SV 

0.8 

V 

V|NL 

VD0  =  +15V 

1.5 

Input  Current 

•in 

V,M=0VorVD0  TA=+25»C 

and  VINLorV[NH                   TA  -  Full  Temp.  Range 

±0.001 

±1 
±10 

vA 

Input  Capacitance 
(Note  2) 

CIN 

DB0 — DB11 

WR.CS.DACA/DACB 

10 
15 

pF 
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ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V  or  +15V,  VREFA  =  VREFB  =  +10V.  V0utA  =  V0UtB  =  OV;  AGND  =  DGND  =  OV; 
TA  =  -SS°C  to  +-\2S°C  apply  for  DAC-8221AW;  TA  =  -40°C  to  +85°C  apply  for  DAC-8221  EW/FW;  TA  =  0°C  to  +70°C  apply  for 
DAC-8221  GP/HFCHPC,  unless  otherwise  noted.  Specifications  apply  for  DAC  A  and  DAC  B.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

DAC-8221 
TYP 

MAX 

UNITS 

POWER  SUPPLY 

Supply  Current 

All  Digital  Inputs  VINL  or  VINH 

2 

mA 

loo 

All  Digital  Inputs  OV  or  VD0 

10 

100 

DC  Power  Supply 
Rejection  Ratio 

PSRR 

■WD0  =  ±5<K. 

0.002 

%/% 

AC  PERFORMANCE  CHARACTERISTICS 

(Note  2) 

Propagation  Delay 
(Notes  4. 5) 

tpD 

TA :  +25°C 

300 

08 

Current  Settling  Time 
(Notes  5,  E) 

t. 

TA  =  +25°C 

1 

(IS 

Output  Capacitance 

CoutA 

CouTB 

DAC  Latches  Loaded 
with  0000  0000  0000 

90 
120 

CoutA 
CoutB 

DAC  Latches  Loaded 
with  1111  1111  1111 

120 
90 

pF 

AC  Feedthrough  at 

"a 

VrefA  lo  IoutA:  VBEfA  =  20^ 
1  =  100kHz;  TA=+25»C 

-70 

dB 

'outA  or  IqutB 

VrefB  to  l0UTB;  VREfB  =  20V,,.,,; 
t=  100kHz;  TA=+25°C 

-70 

VDD  =  +5V 

Vdo 

=  +15V 

SWITCHING  CHARACTERISTICS 

(Notes  2,  3) 

+2B'C 

-40TO+85»C 
(Note  8) 

-55  TO  +125°C    ALL  TEMPS 

Chip  Select  to 
Write  Set-Up  Time 

les 

140 

150 

170 

90 

ns  MIN 

Chip  Select  to 
Write  Hold  Time 

1CH 

0 

0 

0 

0 

ns  MIN 

DAC  Select  to 
Write  Set-Up  Time 

'AS 

140 

150 

160 

90 

ns  MIN 

DAC  Select  to 
Write  Hold  Time 

'AH 

0 

0 

0 

0 

ns  MIN 

Data  Valid  to 
Write  Set-Up  Time 

'OS 

150 

170 

190 

90 

ns  MIN 

Data  Valid  to 
Write  Hold  Time 

•dm 

0 

0 

0 

0 

ns  MIN 

Write  Pulse  Width 

tWR 

120 

150 

170 

SO 

ns  MIN 

NOTES: 

1.  Measured  using  internal  RfgA  and  Rfbb-  Both  DAC  digital  inputs  = 
1111  1111  1111. 

2.  Guaranteed  and  not  tested. 

3.  See  timing  diagram. 

4.  From  50%  of  digital  input  to  80%  of  final  analog  output  current.  VHEFA  = 
VrefB  =  +10V;  OUT  A.  OUT  B  load  =  100(1,  CEXT  =  13pF. 


5.  WR.  CS  =  0V;  DBO— DB11  =  0V  to  VD0  or  VDD  to  0V. 

6.  Settling  time  is  measured  from  50%  of  the  digital  input  change  to  where  the 
output  voltage  settles  within  1/2  LSB  of  full  scale. 

7.  Gain  TC  is  measured  from  +25*C  to  TM(N  or  from  +25"C  to  TmaX. 

6.  These  limits  apply  lor  the  commercial  and  industrial  grade  products. 
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DAC-8221  DUAL  12-BIT  BUFFERED  MULTIPLYING  CMOS  D/A  CONVERTER  —  PRELIMINARY 


INTERFACE  LOGIC  INFORMATION 
OAC  SELECTION 

Both  DAC  latches  share  a  common  12-bit  input  port.  The 
control  input  (DAC  A/DAC  B)  selects  which  DAC  can  accept 
data,  from  the  input  port. 

MODE  SELECTION 

Inputs  CS  and  WR  control  the  operating  mode  of  the  selected 
DAC.  See  Mode  Selection  Table  below. 

WRITE  MODE  

When"S§  and  WR  are  both  low  the  selected  DAC  is  in  the 
write  mode.  The  input  data  latches  of  the  selected  DAC  are 
transparent  and  its  analog  output  responds  to  activity  on 
DB0-DB11. 

HOLD  MODE 

The  selected  DAC  latch  retains  the  data  which  was  present 
on  DBO— DB11  just  prior  to"CS  or  WR  assuming  a  high  state. 
Both  analog  outputs  remain  at  the  values  corresponding  to 
the  data  in  their  respective  latches. 

MODE  SELECTION  TABLE 


DAC  A/ 
DAC  B 

"CS 

WR 

DAC  A 

DAC  B 

L 

■  L 

L 

WRITE 

HOLD 

H 

L 

L 

HOLD 

WRITE 

X 

H 

X 

HOLD 

HOLD 

X 

X 

H 

HOLD 

HOLD 

L  =  Low  State   H  =  High  State  X  =  Don't  Care 


WRITE  CYCLE  TIMING  DIAGRAM 


CKtP  SELECT 


Cnrfe 


■ZDC 


r 


NOTB8: 

1.  ALL  INPUT  StONAl  ROC  AKO  MU  TIMES 
MEASURED  PROM  10%  TO  80%  OP  »o» 
V00  -  +SV,  V  - 1,  -  20rm 

VTO-  +I5V.I, -I, -40m. 

2.  TIMING  MEASUREMENT  REFERENCE  LEVEL  IS 


■  *00 
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Precision  Moimi ith icS  Inc. 


DAC-8222 


DUAL  12-BIT  DOUBLE-BUFFERED 
MULTIPLYING  CMOS  D/A  CONVERTER 

PRELIMINARY 


FEATURES 

•  rltoo  Matched  12-Bit  DACs  on  One  Chip 

•  Direct  Parallel  Load  of  All  12  Bits  for  High  Data  Throughput 

•  Double-Buttered  Digital  Inputs 

•  12-Bit  Endpoint  Linearity  (±1/2  LSB)  Over  Temperature 

•  +SV  to +15V  Single  Supply  Operation 

•  DACs  Matched  to  1% 

•  Four-Quadrant  Multiplication 

•  Improved  ESD  Resistance 

•  Packaged  In  a  Narrow  0.3"  24-Pin  DIP  and  0.3"  24-Pin 
SOL  package 

APPLICATIONS 

•  Automatic  Test  Equipment 

•  Industrial  Automation 

•  Robotics/Process  Control 

•  Programmable  Instrumentation  Equipment 

•  Programmable  Gain/Attenuation  Control 

•  Ideal  for  Battery-Operated  Equipment 


GENERAL  DESCRIPTION 

The  DAC-8222  is  a  dual  12-bit,  double-buffered,  CMOS  digital- 
to-analog  converter.  It  has  a  12-bit  wide  data  port  that  allows  a 
12-bit  word  to  be  loaded  directly.  This  achieves  faster  through- 
put time  in  stand-alone  systems  or  when  interfacing  to  a  16-bit 


FUNCTIONAL  DIAGRAM 


processor.  A  common  12-bit  input  TTL/CMOS  compatible  data 
port  is  used  to  load  the  12-bit  word  into  either  of  the  two  DACs. 
This  port,  whose  data  loading  is  similar  to  that  of  a  RAM's  write 
cycle,  interfaces  directly  with  most  12-bit  and  16-bit  bus  sys- 
tems. (See  PMI's  DAC-8248  for  a  complete  8-bit  data  bus  inter- 
face product.)  A  common  bus  allows  the  DAC-8222  to  be  pack- 
aged in  a  narrow  24-pin  0.3"  wide  DIP  and  save  PCB  space. 

The  DAC  is  controlled  with  two  signals,  WR  and  LDAC.  With 
logic  low  at  these  inputs,  the  DAC  registers  become  transpar- 
ent. This  allows  direct  unbuffered  data  to  flow  directly  to  either 
DAC  output  selected  by  DAC  A/DAC  B.  The  DACs  analog 
output  can  also  be  simultaneously  updated  using  the  LDAC 
control  pin. 

DAC-8222's  monolithic  construction  offers  excellent  DAC-to- 
DAC  matching  and  tracking  over  the  full  operating  temperature 
range.  The  chip  consists  of  two  thin-film  R-2R  resistor  ladder 
networks,  four  12-bit  data  latches,  and  DAC  control  logic.  It  also 
has  separate  reference  input  and  feedback  resistors  for  each 
DAC  and  operates  on  a  single  supply  from  +5V  to  +15V.  Maxi- 
mum power  dissipation  at  +5V  using  zero  or  VDD  logic  levels  is 
less  than  0.5mW. 

The  DAC-8222  is  manufactured  with  PMI's  highly  stable  thin- 
film  resistors  on  an  advanced  oxide-isolated,  silicon-gate, 
CMOS  technology.  PMI's  improved  latch-up  resistant  design 
eliminates  the  need  for  external  protective  Schottky  diodes. 


0/5 
U4 


O 

u 

o 
o 

i 

< 

ft 

o 
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(MSB) 
12-BIT  DATA  BUS  : 

(LSBIq. 


DAC  AVOAC  D  O- 
WRO-2 

ruieo-! 


•DO 

4 


O 


«-BiT 

INPUT 

REQisren 


Af 


12-BIT 
OAC 
REGISTER 


12-BIT 
INPUT 
REGISTER 


CONTROL 
CIRCUIT 


12-BIT 
DAC 
REGISTER 


"N" 


A5 

DGND 


> 


-O  »FOA 

'-O  'OUT. 
— O  AGND 
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This  preliminary  product  information  is  based  on  testing  of  a  limited  number  ol  devices.  Final  specifications  may  vary.  Please  contact  local  sales 
office  or  distributor  lor  final  data  sheet. 
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DAC-8222  DUAL  12-BIT  DOUBLE-BUFFERED  MULTIPLYING  CMOS  D/A  CONVERTER  -  PRELIMINARY 


ORDERING  INFORMATION! 

PACKAGE:  24-PIN  DIP 


RELATIVE      GAIN       MILITARY*       INDUSTRIAL  COMMERCIAL 
ACCURACY    ERROR  TEMPERATURE  TEMPERATURE  TEMPERATURE 
(+5Vor+1SV)        -55°Clo+125*C    -WC  to +85°C  VCtt+WC 

±1/2  LSB  ±2  LSB  OAC8222AW  DAC8222EW  DAC8222GP 
±1  LSB      ±4  LSB  —  DAC8222FW  DAC8222HP 

±1  LSB      ±4  LSB  -  —  DAC8222HStt 


*  For  devices  processed  in  total  compliance  to  Ml  L-STD-883,  add  /683  alter 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-In  Is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdtp,  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book.  Section  2. 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 
contact  your  local  sales  office. 

PIN  CONNECTIONS 


AGNofT    •  ^ 

*)  'curt 

l«IT  A  (T 

24-PIN 

Hi  <•!•• 

0.3"  CERDIP 

ID  "do 

(W-Suffix) 

dond[T 

oau(T 

i5]  COAC 

24-PIN 

'oatofT 

m]  DAE  A/O  AC  B 

EPOXY  DIP 

D8»[? 

(P-Suffix) 

onf? 

"3oei 

OS7Q0 

»]0Q2 

24-PIN  SOLtt 

om(« 

ujoes 

(S-Sufflx) 

DSSfjI 

11)004 

ABSOLUTE  MAXIMUM  RATINGS 

(TA = +25°C,  unless  otherwise  noted.) 

Vdd  to  AGND  •. .   0V+17V 

Vqo  to  DGND  0V.+17V 

AGND  to  DGND  -0.3V.  VDO+0.3V 

Digital  Input  Voltage  to  DGND  -0.3V,  VOD+0.3V 

'out  a.  Iout  B  lo  AGND  -0.3V.  VDD+0.3V 

Vref  A.  Vref  b  to  AGND    ±25V 

Vrfb  A.  Vrfb  B  to  AGND  :  .±25V 

Power  Dissipation  (Any  Package)  to  -t-75"C  450mW 

Derate  Above  +75°C  by  ......      V  6mW/°C 

Operating  Temperature  Range 

AW  Version   -55°G  to  +125°C 

EW.  FW  Versions   -40°C  to  +85°C 

GP.  HP  Versions    0°C  to  +70°C 

Dice  Junction  Temperature    : .  ; . .  .+150°C 

Storage  Temperature  -65"C  to  +1504C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 

CAUTION: 


1.  Do  not  apply  voltages  higher  than  VODor  less  than  GND  potential  on  any 
terminal  except  Vp£F  and  Rfb- 

2.  The  digital  control  inputsare  zener-protected;  however,  permanent  damage 
may  occur  on  unprotected  units  Irom  high-energy  electrostatic  fields.  Keep 
units  in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Do  not  insert  this  device  into  powered  sockets;  remove  power  before 
insertion  or  removal. 

4.  Use  proper  anti-static  handling  procedures. 

5.  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damBge  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  at  or  above  this  specification  is  not  implied.  Exposure  to  above 
maximum  rating  conditions  lor  extended  'periods  may-  affect*  device 
reliability. 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V  or  +15V.  VREF  A  =  VREF  B  =  +  10V,  V0UT  a  =  Vqut  B  =  0V;  AGND  =  DGND  =  0V; 
TA  =  -55°C  to  +125°C  apply  for  DAC-8222AW;  TA  =  -40"C  to  +85''C  apply  for  DAC-8222 EW/FW;  TA  =  0°C  to  +70°G.  apply,  for 
DAC-8222GP/HP.  unless  otherwise  noted.  Specifications  apply  for  DAG  A  and  DAC  B. 


DAC-8222 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

STATIC  ACCURACY 

Specifications  apply  to  both  DAC  A  and  DAC  B 

Resolution 

N 

12 

Bits 

Relative  Accuracy 

INL 

Endpoint  Linearity  Error 

DAC-8222A/E/G 
DAC-8222F/H 

±1/2 
+1 

LSB 

Differential  Nonlinearity 

DNL 

All  Grades  are  Monotonic 

±1 

LSB 

Full  Scale  Gain  Error 

TA  =  +25°C 

DAC-8222A/E/G 
DAC-8222F/H 

±2 
±4 

LSB 

(Note  1) 

Gfse 

TA  -  Full  Temp.  Range 

DAC-8222A/E/G 
DAC-8222F/H 

±3 
±6 

Gain  Temperature 

Coefficient 

TCGFS 

(Notes  2.  7) 

±2 

±S 

ppm/"C 

-iGain/ATemperature 

Output  Leakage  Current 
'out  a  (P'n  2>. 

l0UTB(Pin24) 

All  Digital  Inputs  = 

TA=+25'C 

±5 

±50 

riA 

'lkO 

O0O0  00000000 

TA  =  Full  Temp.  Range 

±100 
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DAC-8222  DUAL  12-BIT  DOUBLE-BUFFERED  MULTIPLYING  CMOS  D/A  CONVERTER  -  PRELIMINARY 


ELECTRICAL  CHARACTERISTICS  at  VDD = +5V  or +15V,  VREF  A=  VREF  B= + 10V,  V0UT  A = Vout  b = OV;  AGND  =  DGND  =  OV; 
TA  =  -55°C  to  +125,,C  apply  for  DAC-8222AW;  TA  =  -40°C  to  +8S"C  apply  for  DAC-8222 EW/FW;  TA  =  0°C  to  +70°C  apply  for 
DAC-8222GP/HP,  unless  otherwise  noted.  Specifications  apply  for  DAC  A  and  DAC  B.  (Continued) 


DAC-8222 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input  Resistance 
(Vref  a.  vrefb) 

Rref 

a 

11 

1* 

kll 

(VR£f //Vrefb) 

(Input  Resistance  Match) 

^V«EF  A.  B 

±0.2 

±1 

* 

DIQITAL  INPUTS 

Digital  Input  High 

VlNH 

VDD  =  +5V 
VD0  =  +15V 

2.4 
13.5 

V 

Digital  Input  Low 

VtNL 

v00=+sv 

V00=+1SV 

0.8 
1.5 

V 

Input  Current 

'IN 

V(N  =  OVorVDD                     TA  = 
an«V|NLorV1NH                   TA  = 

+25*C 

Full  Temp.  Range 

±0.001 

±1 
±10 

cA 

Input  Capacitance 
(Note  2) 

C|N 

DBO— DB11 

WH.  CISSC.  DAC  A/ DAC  B 

10 
15 

pF 

POWER  SUPPLY 

Supply  Current 

All  Digital  Inputs  V1NL  or  V1NH 

2 

mA 

loo 

All  Digital  Inputs  OV  or  VDD 

10 

100 

„A 

DC  Power  Supply 

Rejection  Ratio 

PSRR 

iV00  =  ±5% 

0.002 

%/% 

UGain/AVDD) 

AC  PERFORMANCE  CHARACTERISTICS 

(Note  2) 

Propagation  Delay 
(Notes  4, 5) 

IpD 

TA  =  +2S'C 

300 

ns 

Current  Settling  Time 
(Notes  5, 6) 

1. 

TA  ■  +25-C 

1 

(<S 

CoutA 

DAC  Latches  Loaded 

90 

Output  Capacitance  — 

C0UTB 

with  0000  0000  0000 

90 

CoUT* 

DAC  Latches  Loaded 

120 

pF 

CoutB 

with  1111  1111 1111 

120 

AC  Feedthrough  at 

"a 

Vref  A 10  '  OUT  Ai  Vref  A  "  20Vp.pl 

i  =  100kHz:TA  =  +25,C 

-70 

dB 

'out  A  0' 'out  B 

FTb 

Vref  e  to  'out  r*  VrEF  b  =  SOVp.,; 
1  =  100kHC  TA=+25*C 

-70 
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DAC-8222  DUAL  12-BIT  DOUBLE-BUFFERED  MULTIPLYING  CMOS  D/A  CONVERTER  —  PRELIMINARY 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V  or  +15V.  VREF  A  =  VHEF  B = +10V.  V0Ut  a  =  Vout  b  =  OV;  AGND  =  DGND  =  OV; 
TA  =  -55°C  to  +125°C  apply  (or  DAC-8222AW;  TA  =  -40"C  to  +85°C  apply  (or  DAC-8222EVWFW;  TA  =  0°C  to  +70°C  apply  (or 
DAC-8222GP/HP,  unless  otherwise  noted.  Specifications  apply  for  DAC  A  and  DAC  B.  (Continued) 


DAC-8222 

PARAMETER 

SYMBOL  CONDITIONS 

UNITS 

SWITCHING  CHARACTERISTICS 

v00=+sv 

VD0  =  +1SV 

(Notes  2. 3) 

+25*C 

-40  TO  +85*C 

-SSTO+12S"C    ALL  TEMPS 

(Note  8} 

Um/  oeieci  IO 

Write  Set-Up  Time 

'as 

140 

170 

170 

90 

nsMIN 

DAC  Select  to 
Write  Hold  Time 

<AH 

0 

0 

0 

0 

nsMIN 

LDAC  to 

Write  Set-Up  Time 

>LS 

100 

120 

120 

90 

ns  MIN 

LOACto 
Write  Hold  Time 

•lh 

20 

20 

10 

0 

ns  MIN 

Data  Valid  to 
Write  Set-Up  Time 

<0S 

160 

180 

190 

90 

ns  MIN 

Data  Valid  to 
Write  Hold  Time 

tf>H 

0 

0 

0 

0 

ns  MIN 

Write  Pulse  Width 

'wn 

120 

150 

170 

90 

ns  MIN 

LDAC  Pulse  Width 

'lwd 

90 

90 

90 

90 

ns  MIN 

NOTES: 

1.  Measured  using  internal  RFB  A  and  RF8  s-  Both  DAC  digital  inputs  - 
1111  1111  1111. 

2.  Guaranteed  and  not  tested. 

3.  See  timing  diagram. 

4.  From  50%  ol  digital  input  to  90%  of  final  analog  oulput  current.  VREF  A  = 
VREF  B  =  +  10V;  OUT  A,  OUT  B  load  =  100(1.  CEXT  =  13pF. 


5.  WR,  LT5SC  =  0V;  DBO — DB11  =  0V  to  VDD  or  VD0  to  0V. 

6.  Settling  time  is  measured  from  50%  of  the  digital  input  change  to  where  the 
output  settles  within  1/2  LSB  of  full  scale. 

7.  Gain  TC  is  measured  from  +25°C  to  TMIN  or  from  +25°C  to  Tuxx- 

8.  These  limits  apply  tor  the  commercial  and  industrial  grade  products. 


WRITE  CYCLE  TIMING  DIAGRAM 


TWOCrCLCUPOATl 


THREE  CYCII  UPDATE 


DATA  VALID 


NOTES: 

1 AU  INPUT  SIGNAL  RISC  AND  FALL  TIMES 
MEASURED  FROM  »%  TO  10%  OF  Vqq. 
VM-+W.t,-t,-2Cn»; 
VpQ  -  +  15V,  I,  ■  I,  ■  <0nt. 

2.  TIMENO  MEASUREMENT  REFERENCE  LEVEL  IS- 
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DAC-8222  DUAL  12-BIT  DOUBLE-BUFFERED  MULTIPLYING  CMOS  D/A  CONVERTER  —  PRELIMINARY 


MODE  SELECTION  TABLE  

DIGITAL  INPUTS  DAC  REGISTER  STATUS 


DAC  A  DAC  B 


DACA/B 

WR 

LDAC 

INPUT  LATCH 

DAC  LATCH 

INPUT  LATCH 

DAC  LATCH 

L 

L 

L 

WRITE 

WRITE 

LATCHED 

WRITE 

H 

L 

L 

LATCHED 

WRITE 

WRITE 

WRITE 

L 

L 

H 

WRITE 

LATCHED 

LATCHED 

LATCHED 

H 

L 

H 

LATCHED 

LATCHED 

WRITE 

LATCHED 

X 

H 

L 

LATCHED 

WRITE 

LATCHED 

WRITE 

X 

H 

H 

LATCHED 

LATCHED 

LATCHED 

LATCHED 

L  =  Low   H  =  High   X  =  Don't  Care 


INTERFACE  CONTROL  LOGIC 

DAC  A/DAC  B  (Pin  18)  —  DAC  Selection.  Active  low  for  DAC 
A  and  active  high  for  DAC  B. 

WR  (Pin  20)  —  WRITE.  Active  Low.  Used  to  write  data  into 
either  DAC  A  or  DAC  B  input  registers,  or  active  high  latches 
data  into  the  input  registers. 

LDAC  (Pin  19)  — LOAD  DAC.  Active  Low.  Used  to  simultane- 
ously transfer  data  from  DAC  A  and  DAC  B  input  registers  to 
both  DAC  outputs,  or  active  high  latches  data  into  the  output 
registers. 

WRITE  TIMING  CYCLES 

Two  timing  diagrams  are  shown  and  are  at  the  users  discre- 
tion which  to  use. 


The  TWO  CYCLE  UPDATE,  as  the  name  implies,  allows  both 
DAC  registers  to  be  loaded  and  the  outputs  updated  in  two 
cycles.  Data  is  first  loaded  into  one  DAC's  input  register  on 
the  first  write  cycle,  and  then  new  data  loaded  into  the  other 
DAC's  input  register  while  simultaneously  updating  both 
DAC  outputs  on  the  second  cycle. 

The  THREE  CYCLE  UPDATE  allows  DAC  A  and  DAC  B  regis- 
ters to  be  loaded  and  analog  output  to  be  updated  at  a  later 
time.  The  first  two  cycles  loads  both  DACs  as  above,  and  the 
third  cycle  updates  the  outputs. 

The  LDAC  and  DAC  A/DAC  B  control  pins  can  be  tied 
together  and  controlled  with  a  single  strobe.  When  using  the 
DAC  in  this  configuration,  DAC  B  must  be  loaded  first;  this 
can  be  seen  from  the  timing  diagram. 
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DAC-8228 

DUAL  8-BIT  CMOS 
D/A  CONVERTER  WITH  VOLTAGE  OUTPUT 

ADVANCE  PRODUCT  INFORMATION 


FEATURES 

•  Fits  7528  Sockets,  Eliminates  External  Op  Amps 

•  Single +12  to +15V  Operation 

•  5  Microsecond  Settling  Time 

•  8-Bit  Accuracy 

•  Available  in  Small  Outline  Package 

APPLICATIONS 

•  Programmable  Instrumentation 

•  Disk  Drive  Servo  Systems 

•  Process  Control 

GENERAL  DESCRIPTION 

The  DAC-8228  is  a  dual  voltage-output  monolithic  multiplying 
CMOS  D/A  converter  containing  two  high-accuracy  R-2R 
ladder  DACs  and  op  amps.  The  REF  input  can  be  either 
grounded  for  DC  voltage  output  applications  or  connected  to 
an  AC  input  signal  for  multiplying  applications. 

An  internal  regulator  maintains  TTL  logic  compatibility  and  fast 
microprocessor  interface  timing  for  all  positive  supply  voltages. 


The  DAC-8228  dissipates  only  90mW  in  the  space  saving  20-pin 
0.3"  DIP  or  the  20-lead  SO  surface  mount  packages. 

The  pinout  of  the  DAC-8228  fits  directly  into  PM-7528  sockets 
and  eliminates  the  need  for  external  op  amps. 

PIN  CONNECTIONS 


»)  HC 

NC  (T 

»)w> 

VdUT*  (1 

3E  »oo 

GND  (T_ 

«]  55 

DACA/DAC  B  (T 

«]  cs 

(MSB)  DB7  (T 

n]  DB0(LSB) 

OB»|T 

]3  OBI 

DBS  [T 

«]  DB2 

DBA  Q5 

]3  OB3 

20-PIN  SOL 
(S-Sufflx) 

20-PIN 
EPOXY  DIP 
(P-Suffix) 


FUNCTIONAL  DIAGRAM 
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This  advance  product  Information  describes  a  product  In  development  at  the  time  ol  this  printing.  Final  specifications  may  vary.  Please  contact  local 
sales  office  or  distributor  for  final  data  sheet 
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DAC-8228  DUAL  8-BIT  CMOS  DAC  WITH  VOLTAGE-OUTPUT  —  ADVANCE  INFORMATION 


FIGURE  1:  Simplified  Schematic  (One-Half  of  DAC-8228) 
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APPLICATIONS  INFORMATION 

The  DAC-8228  is  optimized  for  operation  in  single-supply 
applications.  Circuit  operation  is  shown  in  the  simplified 
schematic  of  Figure  1.  The  current-switching  mode  D/A  con- 
verter is  connected  to  the  internal  amplifier,  resulting  in  a  single 
inversion  between  reference  input  (VREf)  and  the  output  (Vqut) 
with  respect  to  the  virtual  zero  (Vz). 

Because  of  single-supply  operation,  this  circuit  is  used  as 
shown  in  Figure  2.  the  external  reference  is  connected  to  the  Vz 
terminal  which  determines  the  zero-scale  output  voltage,  i.e., 
Vqut  is  derived  from  all  zeros  digital  input.  When  the  VHEF  input 
is  tied  to  ground  (GND)  this  sets  a  nominal  full-scale  output 
voltage  of  2  X  Vz.  The  full  transfer  characteristic  of  the  DAC- 
8228  is  described  by  the  following  equation: 

WD)  =  -[D/256  X  (VREF  -  Vz)]  +  Vz 

where  D  is  the  digital  input  in  integer  decimal.  All  voltages  are 
referenced  to  ground  (GND). 

The  following  boundary  conditions  apply  to  circuit  operation. 

Vz<(VDD-2.5V) 

V0ut<(Vdo-2V) 

-25V<VREF<+25V 

V0D<18V 

FIGURE  2:  Typical  Voltage  Output  Application 
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FIGURE  3:  Typical  Multiplying  Application 
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FIGURE  4:  0  to  +10V  Output  Voltage  Range 


£1 


T 


1/2  DAC-S22>a  Rn 

I  wv— 


•DIGITAL  INTERFACING  QKITTCO  FOR  CLARITY. 


11-153 


10/87,  Rev.  A 


.EH) 


DAC-8248 


Precision  Mono!  it  h  ies  Inc. 


FEATURES 

•  TWo  matched  12-bit  DACs  on  One  Chip 

•  12-Blt  Resolution  with  an  8-Bit  Data  Bus 

•  Direct  Interface  with  8-Bit  Microprocessors 

•  Double-Buttered  Digital  Inputs 

•  RESET  to  Zero  Pin 

•  12-Bit  Ertdpoint  Linearity  (±1/2  LSB)  Over  Temperature 

•  Single  +SV  to  +15V  Supply 

•  Latch-Up  Resistant 

•  Improved  ESD  Resistance 

•  Packaged  in  a  Narrow  0.3"  24-Pin  DIP  and  0.3"  24-Pin  SOL 
Package 

APPLICATIONS 

•  Multi-Channel  Microprocessor-Controlled  Systems 

•  Industrial  Automation 

•  Process  Control 

•  Robotics 

•  Automatic  lest  Equipment 

•  Programmable  Attenuator,  Power  Supplies,  Window 
Comparators 

•  Instrumentation  Equipment 

•  Battery  Operated  Equipment 

GENERAL  DESCRIPTION 

The  DAC-8248  is  a  dual  12-bit,  double-buffered,  CMOS  digital- 
to-analog  converter.  It  has  an  8-bit  wide  input  data  port  that 


DUAL  12-BIT  (8-BIT  BYTE) 
DOUBLE-BUFFERED  CMOS  D/A  CONVERTER 

PRELIMINARY 

Interfaces  directly  with  most  8-bit  microprocessors.  It  loads  a 
12-bit  word  in  two  bytes  using  a  single  control;  it  can  accept 
either  a  least  significant  byte  or  most  significant  byte  first  For 
designs  with  a  12-bit  or  16-bit  wide  data  path,  choose  the  DAC- 
8222  orDAC-8221. 

Outputs  of  DAC  A  and  DAC  B  may  be  updated  simultaneously. 
The  DAC-8248 can  also  load  new  digital  data  into  the  DAC  while 
simultaneously  updating  its  output  These  features  are  con- 
trolled with  a  separate  LDAC  control  pin.  A  single  pin  resets 
both  outputs  to  zero. 

The  monolithic  construction  offers  excellent  DAC-to-DAC 
matching  and  tracking  over  the  full  operating  temperature 
range.  The  DAC  consists  of  two  thin-film  R-2R  resistor  ladder 
networks,  two  12-bit,  two  8-bit  and  two  4-bit  data  latches,  and 
control  logic.  Separate  reference  input  and  feedback  resistors 
are  provided  for  each  DAC.  The  DAC-8248 operates  on  a  single 
supply  from  +5V  to  +15V,  and  it  dissipates  less  than  0.5mW  at 
+SV  (using  zero  or  V0D  logic  levels).  The  device  is  packaged  in  a 
space-saving  0.3"  24-pin  DIR 

The  DAC-8248  is  manufactured  with  PMI's  highly-stable  thin- 
film  resistors  on  an  advanced  oxide-isolated,  silicon-gate, 
CMOS  technology.  PMI's  improved  latch-up  resistant  design 
eliminates  the  need  for  external  protective  Schottky  diodes. 


FUNCTIONAL  DIAGRAM 
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This  preliminary  product  Information  Is  based  on  testing  of  a  Umtted  number  of 
office  or  distributor  for  final  data  sheet 
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DAC-8248  DUAL  12-BIT  (8-BIT  BYTE)  DOUBLE-BUFFERED  CMOS  D/A  CONVERTER  -  PRELIMINARY 


ORDERING  INFORMATION^ 


PACKAGE:  24-PIN  DIP 


MILITARY*  INDUSTRIAL  COMMERCIAL 
RELATIVE  GAIN  TEMPERATURE  TEMPERATURE  TEMPERATURE 
ACCURACY  ERROR         -55°C  -40*C  0°C 

(+SVor+15V)  TO+WC  TO+85°C  TO  70"C 


±1/2  LSB  ±2  LSB 
±1  LSB  ±4  LSB 
±1  LSB     ±4  LSB 


DAC8248AW        DAC8248EW  DAC8248QP 

—  DAC8246FW  DAC6246HP 

-  -  OAC8248HStt 


*  For  devices  processed  In  total  compliance  to  MIL-STD-883,  add  /883  alter 
part  number.  Consult  factory  for  /8B3  data  sheet, 
f  Burn-In  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1888 
Data  Book.  Section  2. 
TfFor  availability  and  burn-in  information  on  SO  and  PLCC  packages, 
contact  your  local  sales  office. 


PIN  CONNECTIONS 


EI 'out* 

•out* [7 

24-PIN 

»<■»[> 

5)v„,. 

0.3"  CERDIP 

»«t»«[T 

£)V00 

(W-Sufflx) 

DGND  IT 

S]s» 

DB7[T 

13  lob 

24-PIN 

do«[T 

^daca/dacb 

EPOXY  DIP 

DBsf? 

(P-Sufflx) 

dm  [7 

uJIOsTf 

009  (TO 

m]dso 

24-PIN  SOLtt 

082  [n 

m]dbi 

(S-Sufflx) 

ABSOLUTE  MAXIMUM  RATINGS  (TA=  +25°C.  unless 
otherwise  noted.) 

VDDtoAGND   0V, +17V 

VDDto  DGND   0V.+17V 

AGND  to  DGND   -0.3V,  VDD  +  0.3V 

Digital  Input  Voltage  to  DGND   -0.3V,  VDD+  0.3V 

'OUT  A.  I0UT  B  to  AGND   -0.3V.  VDD  +  0.3V 

Vref  a>  Vrfb  b  to  AGND   ±25V 

Vrfba,  VrfbbIoAGND    ±25V 

Power  Dissipation  (Any  Package)  to  +75°C    450mW 

Derate  Above  +75°C  by   6mW/°C 

Operating  Temperature  Range 

AWVersion    -55°C to +25°C 

EW,  FW  Versions   -40"C  to  +85"C 

GR  HP  Versions  0°C  to  +70°C 

Dice  Junction  Temperature   +150°C 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)   +300°C 

CAUTION: 

1.  Do  not  apply  voltages  higher  than  V0D  or  less  than  QND  potential  on  any 
terminal  except  VnEp  and  RFB. 

2.  The  digital  control  inputs  are  Zener-protected;  however,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep 
units  in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Do  not  insert  this  device  into  powered  sockets;  remove  power  before  insertion 
or  removal. 

4.  Use  proper  anti-static  handling  procedures. 

5.  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  at  or  above  this  specification  is  not  implied.  Exposure  to  above 
maximum  rating  conditions  for  extended  periods  may  affect  device  rellabllty. 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V  or  +15V;  VHEF  A  =  VREF  b  =  +10V;  V0Ut  a  =  Vout  b  =  0V;  AGND  =  DGND  =  OV;  TA 
=  -55°C  to  +25°C  apply  for  DAG-8248AW;  TA  =  -40°C  to  +85°C  apply  for  DAC-8248EW/FW;  TA  =  0°C  to  +70°C  apply  for 
DAC-8248GP/HP  unless  otherwise  noted.  Specifications  apply  for  DAC  A  and  DAC  B. 


DAC-8248 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

12 

Bits 

Relative  Accuracy 

INL 

DAC-8248A/E/G 
DAC-8248F/H 

±1/2 
±1 

LSB 

Differential  Nonlinearlty 

DNL 

All  Grades  are  Monotonic 

±1 

LSB 

TA  =  ±25"C 

DAC-8248A/E/G 

±2 

Full  Scale  Gain  Error 

Gfse 

OAC-8248F/H 

±4 

(Note  1) 

TA  =  Full  Temp.  Range 

—  LSB 

DAC-8248A/E/G 

±3 

DAC-8248F/H 

±6 

Gain  Temperature  Coefficient 
(AGaln/ATemperature) 

TCGFS 

(Notes  2,  6) 

±2 

±5 

ppm/"C 

Output  Leakage  Current 
'out*  Cm  2),  lOUTB(Pln24) 

'lkg 

All  Digital  Inputs  =  0s 

TA  =  +25°C 

TA  =  Full  Temp.  Range 

±5 

±50 
±100 

nA 

Input  Resistance  (VREF  A  REF  B) 

rref 

8 

11 

15 

kft 

Input  Resistance  Match 
IVrefa/Vrcfb) 

4VREFA.B 

±0.2 

±1 

% 

DIGITAL  INPUTS 

Digital  Input  High 

V,NH 

Vdd  =  +5V 
VDD  =  +1SV 

2.4 

13.5 

V 
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PAC-8248  DUAL  12-BIT  (8-BIT  BYTE)  DOUBLE-BUFFERED  CMOS  D/A  CONVERTER  -  PRELIMINARY 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5 V  or  +15 V;  VREF  a  =  Vref  b = +10V;  V0UT  a = Vout  b  =  OV;  AGNO  =  OGNO = OV;  TA 
=  -55°C  to  +25°C  apply  for  DAC-8248AW;  TA  =  -40°C  to  +85°C  apply  for  DAC-8248EW/FW;  TA  =  0°C  to  +70°C  apply  for 
DAC-8248GP/HR  unless  otherwise  noted.  Specifications  apply  for  DAC  A  and  DAC  B.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

DAC-8248 
TVP 

MAX 

UNITS 

Digilal  Input  Low 

V,NL 

VD0=+SV 
V0D  =  +15V 

0.8 
1.5 

V 

Input  Current  (VIN  =  OV  or  V0D 
and  V|NLorV,NK) 

l|N 

TA  =  +25'C 

TA  »  Full  Temp.  Range 

±0.001 

±1 
±10 

fA 

Input  Capacitance 
(Note  2) 

OB0-OB11 

WR.  LDAC,  OAC  A/DAC  B,  LSB/MSB.  RESET 

10 
15 

pF 

POWER  SUPPLY 


Supply  Current 

'dd 

Digital  Inputs  =  VINL  or  VINH 
Digital  Inputs  =  0V  or  VDD 

10 

2 
100 

mA 
mA 

DC  Power  Supply  Rejection  Ratio 
UGain/AVDD) 

PSRR 

iVDD  =  +5% 

0.002 

%J<h 

AC  PERFORMANCE  CHARACTERISTICS  (Note  2) 

Propagation  Delay 
(Notes  3. 4) 

<PO 

Ta  =  +25*C 

300 

ns 

Output  Current  Settling  Time 
(Noles  4, 5) 

<s 

TA  =  +25-C 

1 

fS 

Digital  Inputs  =  all  0s 

Output  Capacitance 

^OUTA*  Coutb 

SO 

Co 

Digital  Inputs  =  all  1s 

—  PF 

Cout*  COUTB 

120 

AC  Feedthrough 

"a 

Vref  a  to  lout  ti  Vref  a  =  ^p-ir 
1  =  100kH2;TA  =  +25*C 

-70 

dB 

at  'out*0'  'outb 

ftb 

Vref  b  to  'out  r»  VREf  b  =  20vp-f 
1  =  100kHz;  Ta  =  +25°C 

-70 

V00  =  +5V 

V0B  =  +1SV 

SWITCHING  CHARACTERISTICS 

-40to+8S*C 

(Notes  2. 7) 

+2S'C                (Note  S) 

-55  to  +125°C 

ALL  TEMPS 

LSB/MSB  Select  to 
Write  Set-up  Time 

•cos 

140  170 

180 

90 

ns  MIN 

LSB/MSB  Select  to 
Write  Hold  Time 

<CBH 

0  0 

0 

0 

nsMIN 

DAC  Select  to 
Write  Set-up  Time 

Ias 

140 

170 

180 

90 

ns  MIN 

DAC  Select  to 
Write  Hold  Time 

Iah 

0 

0 

0 

0 

ns  MIN 

LDAC  to  Write  Set-up  Time 

Ils 

100 

120 

120 

90 

ns  MIN 

LDAC  to  Write  Hold  Time 

«LH 

10 

0 

0 

0 

ns  MIN 

Data  Valid  to 
Write  Set-up  Time 

tos 

150 

170 

190 

90 

ns  MIN 

Data  Valid  to 
Write  Hold  Time 

•oh 

0 

0 

0 

0 

ns  MIN 

Write  Pulse  Width 

twR 

120 

ISO 

170 

90 

ns  MIN 

LDAC  Pulse  Width 

'lwd 

90 

90 

90 

90 

ns  MIN 

Reset  Pulse  Width 

tRWD 

70 

70 

70 

70 

ns  MIN 

NOTES: 

1.  Measured  using  internal  RFB  A  and  RFB  a-  B°tn  DAC  digital  inputs  =  5 
1111  1111  1111. 

2.  Guaranteed  and  not  tested.  6 

3.  From  50%  ol  digital  input  to  90%  of  final  analog  output  current.  VREF  A  =  7 
Vref  b  =  +10V:  OUT  A.  OUT  B  load  =  10011.  C^  =  i3pF.  8 

4.  WR,  LDAC  =  0V:  0B0-DB11  =  0V  to  VDD  or  VDD  to  0V. 


.  Settling  time  is  measured  Irom  50%  ol  the  digital  input  change  to  where  the 

output  settles  within  1/2  LSB  ol  lull  scale. 
.  Gain  TC  is  measured  Irom  +25°C  to  TMIN  or  Irom  +25*C  to  Tuut- 

See  Timing  Diagram. 
.  These  limits  apply  tor  the  commercial  and  industrial  grade  products. 
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DAC-8248  DUAL  12-BIT  (8-BIT  BYTE)  DOUBLE-BUFFERED  CMOS  D/A  CONVERTER  —  PRELIMINARY 


WRITE  TIMING  CYCLE  DIAGRAM 


FOUR  CYCLE  UPDATE 
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3.  TUtINO  MtASUREXEXT  RZFERCNCC  LEVCL  (S    V"  *  \„ 


FIVE  CYCLE  UPDATE 


-In) 


\  


INTERFACE  CONTROL  LOGIC 


LSB/MSB — (PIN  17)  LEAST  SIGNIFICANT  BIT  (Active  Low)/ 
MOST  SIGNIFICANT  BIT  (Active  High).  Selects  lower  8-bits 
(LSBs)  or  upper  4-bits  (MSBs);  either  can  be  loaded  first  It  is 
used  with  the  WR  signal  to  load  data  into  the  input  registers. 
Data  is  loaded  in  a  right  justified  format. 

DACA/DAC  B— (PIN  18)  OAC  SELECTION.  Active  Low  for 
DAC  A  and  Active  High  for  DAC  B. 

WR— (PIN  20)  WRITE— Active  Low.  Used  with  the  LSB/MSB 
signal  to  load  data  into  the  input  registers,  or  Active  High  to 
latch  data  into  the  input  registers. 

LDAC— (PIN  19)  LOAD  DAC.  Used  to  transfer  data  simulta- 
neously from  DAC  A  and  DAC  B  input  registers  to  both  DAC 
output  registers,  or  Active  High  to  latch  data  into  the  output 


RESET— (PIN  18)— Active  Low.  Functions  as  a  zero  override; 
all  registers  are  forced  to  zero  when  the  RESET  signal  is  low.  All 


registers  are  latched  to  zeros  when  the  write  signal  is  high  and 
RESET  goes  high. 

WRITE  TIMING  CYCLES 

Four  timing  diagrams  are  shown:  two  are  for  the  switching 
specification  reference,  and  two  are  for  DAC  update  timing 
reference.  The  modes  are  at  the  users  discretion  which  to  use. 

The  FOUR  CYCLE  UPDATE,  as  the  name  implies,  allows  both 
DACs  to  be  loaded  and  the  outputs  updated  in  four  cycles.  New 
data  is  first  loaded  into  one  DAC's  input  registers  on  the  first  two 
write  cycles,  and  then  new  data  loaded  into  the  other  DAC's 
input  registers  on  the  second  two  write  cycles  while  simul- 
taneously updating  both  DAC  outputs  on  the  fourth  cycle. 

The  FIVE  CYCLE  UPDATE  allows  DAC  A  and  DAC  B  input 
registers  to  be  loaded  on  the  first  four  cycles  as  above,  and  the 
DAC  outputs  updated  on  the  fifth  cycle  at  a  later  time. 
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OAC-8248  DUAL  12-BIT  (8-BIT  BYTE)  DOUBLE-BUFFERED  CMOS  D/A  CONVERTER  -  PRELIMINARY 


FOUR  CYCLE  UPDATE  TIMING  DIAGRAM 
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KSOl  LOADED 
WTO  DACff>4*0lT 
«POT  REGISTER; 
WW  DATA  WORDS 

TRAKSFEmpntoy 

MPUT  REGISTERS 
TO  DAC  A  AND 
DAC  0%  RIOISTER; 
AKALOQ  OUTPUTS 
etMULTANEOUSUr 
UPDATED 


FIVE  CYCLE  UPDATE  TIMING  DIAGRAM 


DAC  A/ DAC  B 


FIRST  CYCLE: 
LSSft  LOADED  CNTO 
OAC  At  8-8  fT 
INPUT  REGtSTEH 


SECONO  CYCLE: 
US6S  LOADED  INTO 

oac  a*  4-err 

INPUT  REGISTER 


THIRD  CYCLE: 
LS8s  LOADED  INTO 

oac  r«  9-eiT 

INPUT  REGISTER 


FOURTH  CYCLE: 
MSB*  LOAOEO  INTO 
OAC  B  f  4- BIT 
INPUT  REGISTER 


FIFTH  CYCLE: 

DAC  A  AND  DAC  B'» 

ANALOG  OUTPUT 

SIMULTANEOUSLY 

UPDATED 


ALL  REGISTERS 
RESET  TO  ZERO 
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DAC-8248  DUAL  12-BIT  (8-BIT  BYTE)  DOUBLE-BUFFERED  CMOS  D/A  CONVERTER  —  PRELIMINARY 


MODE  SELECTION  TABLE  

 DIGITAL  INPUTS    DAC  REGISTER  STATUS 


DAC  A  DAC  B 


DACA/B 

WR 

LSB/MSB 

RESET 

LDAC 

LSB 

MSB 

LDAC 

LSB 

MSB 

LDAC 

L 

L  . 

L 

H 

H 

WR 

LAT 

LAT 

LAT 

LAT 

LAT 

L 

L 

L 

H 

L 

WR 

LAT 

WR 

LAT 

LAT 

WR 

L 

L 

H 

H 

H 

LAT 

WR 

LAT 

LAT 

LAT 

LAT 

L 

L 

H 

H 

L 

LAT 

WR 

WR 

LAT 

LAT 

WR 

H 

L 

L 

H 

H 

WR 

LAT 

LAT 

LAT 

LAT 

LAT 

H 

L 

L 

H 

L 

WR 

LAT 

WR 

LAT 

LAT 

WR 

H 

L 

H 

H 

H 

LAT 

WR 

LAT 

LAT 

LAT 

LAT 

H 

L 

H 

H 

L 

LAT 

WR 

WT 

LAT 

LAT 

WR 

X 

H 

X 

H 

H 

LAT 

LAT 

LAT 

LAT 

LAT 

LAT 

X 

H 

X 

H 

L 

LAT 

LAT 

WR 

LAT 

LAT 

WR 

X 

X 

X 

L 

X 

ALL  REGISTERS  ARE  RESET  TO  ZEROS. 

X 

H 

X 

_r 

X 

ALL  REGISTERS  ARE  LATCHED  TO  ZEROS. 

L  =  Low  H 

=  High 

X  =  Don't  Care  WR  = 

Registers  Being  Loaded 

LAT  = 

Registers  Latched 
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JPMI)  DAC-8408 

QUAD  8-BIT  MULTIPLYING  CMOS 
D/A  CONVERTER  WITH  MEMORY 


Precision  Monolith  icS  Inc. 


FEATURES 

•  Four  DACs  In  a  28  Pin,  0.6  Inch  Wide  DIP  or  28  Pin  JEDEC 
Plastic  Chip  Carrier 

•  ±1/4  LSB  End-Point  Linearity 

•  Guaranteed  Monotonlc 

•  DACs  Matched  to  Within  1% 

•  Microprocessor  Compatible 

•  Read/Write  Capability  (with  Memory) 

•  TTL/CMOS  Compatible 

•  Four-Quadrant  Multiplication 

•  Single-Supply  Operation  (+SV) 

•  Low  Power  Consumption 

•  Latch-Up  Resistant 

ORDERING  INFORMATION! 


PACKAGE 

COMMERCIAL 

INDUSTRIAL 

MILITARY- 

TEMPERATURE 

TEMPERATURE 

TEMPERATURE 

INL        ONL       0°C  to  +70°C 

-25'C  lo  +85'C 

-55"Cto+125"C 

±1/4LSB  ±1/2LSB  DAC8408GP 

DAC8408ET 

DAC6403AT 

+1/2LSB  +1LSB  DAC8408HP 

DAC8408FT 

DAC8408BT 

11/21SB  ±1LSB  DAC8408HPCtt 

"  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /683  after 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book,  Section  2. 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 
contact  your  local  sales  office. 


APPLICATIONS 

•  Voltage  Set  Points  In  Automatic  Test  Equipment 

•  Systems  Requiring  Data  Access  tor  Self-Diagnostics 

•  Industrial  Automation 

•  Multi-Channel  Microprocessor-Controlled  Systems 

•  Digitally  Controlled  Op  Amp  Offset  Adjustment 

•  Process  Control 

•  Digital  Attenuators 

GENERAL  DESCRIPTION 

The  DAC-8408  is  a  monolithic  quad  8-bit  multiplying  digital-to- 
analog  CMOS  converter.  Each  DAC  has  its  own  reference  input, 
feedback  resistor,  and  on-board  data  latches  that  feature 
read/write  capability.  The  readback  function  serves  as  memory 
for  those  systems  requiring  self-diagnostics. 

A  common  8-bit  TTL/CMOS  compatible  input  port  is  used  to 
load  data  into  any  of  the  four  DAC  data-latches.  Control  lines 
DS1 ,  DS2,  and  A/B  determine  which  DAC  will  accept  data.  Data 
loading  is  similar  to  that  of  a  RAM's  write  cycle.  Data  can  be 
read  back  onto  the  same  data  bus  with  control  line  R/W.  The 
DAC-8408  is  bus  compatible  with  most  8-bit  microprocessors, 
including  the  6800,  8080,  8085,  and  Z80.  The  DAC-8408 
operates  on  a  single  +5  volt  supply  and  dissipates  less  than 
20mW.  The  DAC-8408  is  manufactured  using  PMI's  highly 
stable,  thin-film  resistors  on  an  advanced  oxide-isolated, 
silicon-gate,  CMOS  process.  PMI's  improved  latch-up  resistant 
design  eliminates  the  need  for  external  protective  Schottky 
diodes. 


FUNCTIONAL  DIAGRAM 
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(KM) 
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i 
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a 
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i 
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DAC-8408  QUAD  8-BIT  MULTIPLYING  CMOS  D/A  CONVERTER  WITH  MEMORY 


PIN  CONNECTIONS 


Voo|T 

a] oohd 

r#»a[7 

tOUTt*[T 

>outic 

SI  low  io 

(IM)  DHO^T 

:o)b*2 

091  Qi 

w]  081 

TF]  r/w 

901  Ql 

OW[u 

1*}087(MS8, 

08s[y 

ID06* 

28-PIN 
HERMETIC  DIP 
(T-Suflix) 

28-PIN 
EPOXY  DIP 
(P-Suffix) 


•out  iVout  ta  3 

'omu  3 

»«f»  3 

(Ltfl)ODO  i] 

DB1  i»] 

D81  i]} 


J  S 

'!<JUJliJlIll2ll2ll»lv 


§  I  § 1 1  5  I 


E 

E 
Is 

fjt  DS1 


■curie 

'out  ic"out  IS 
'OUT  10 
R„D 


28-PIN 
PLASTIC  LEADED 
CHIP  CARRIER 
(PC-Suffix) 


ABSOLUTE  MAXIMUM  RATINGS  (TA  =  +25°C  unless 
otherwise  noted.) 


VDDtO  I0UT2A.  I0UT2B.  '0UT2&  IOUT2D  0,  +7V 

VDDtoDGND  0.+7V 

'OUTIA.  loUTIB. 

'out  1C  'CXJT  !DtO  DGND  -0.3V  to  VDD+  0.3V 

RFBA,  RFBB,  RfbC,  RfbD  to  Iout  ±25V 

'OUT2A.  'OUT2B. 

•out  20  'out  2D  to  DGND  -0.3V  to  VDD  +  0.3V 

DBO  through  DB7  to  DGND   -0.3V  to  VDD  +  0.3V 

Control  Logic 

Input  Voltage  to  DGND  -0.3V  to  +VDD  +  0.3V 

VhefA.  VrEF:B.  VrefC,  VrefD,  to 

IOUT 2A>  'OUT 2B.  'OUT 2&  loUT 2D  ±25V 

Power  Dissipation  (Any  Package)  to  +75°C  450mW 

Derates  Above  +75°C  by  6mW/°C 


Operating  Temperature  Range 

Commercial  Grade  (GP,  HP,  HPC)  0°C  to  +70°C 

Industrial  Grade  (ET,  FT)  -25°C  to  +85°C 

Military  Grade  (AT,  BT)  -55°C  to  +125°C 

Dice  Junction  Temperature  +150°C 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)   +300°C 


CAUTION: 

1.  Do  not  apply  voltages  higher  than  VDD+ 0.3V  or  lessthan  -0.3V  potential  on 
any  terminal  except  VREF  and  RF0 

2.  Thedigital  control  inputs arediode-protected:  however,  permanentdamage 
may  occur  on  unconnected  inputs  from  high-energy  electrostatic  fields. 
Keep  in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Use  proper  anti-static  handling  procedures. 

4.  Absolute  Maximum  Ratings  apply  to  both  packaged  devices  and  DICE. 
Stresses  above  those  listed  under  Absolute  Maximum  Ratings  may  cause 
permanent  damage  to  the  device. 


ELECTRICAL  CHARACTERISTICS  at  VDd  =  +5V;  VREF  =  ±10V;  V0utA.  B,  C,  D  =  0V;  TA  =  -55°C  to  +125°C  apply  for 
DAC-8408AT/BT,  TA  =  -25°C  to  +85°C  apply  for  DAC-8408ET/FT;  TA  =  0°C  to  +70°C  apply  for  DAC-8408GP/HP/HPC,  unless 
otherwise  noted.  Specifications  apply  for  DAC  A,  B,  C,  &  D. 


DAC-8408 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

8 

Bits 

Nonlinearity 

INL 

DAC-8408A/E/G 

±1/4 

LSB 

(Notes  1. 2i 

DAC-8408B/F/H 

±1/2 

Differential 

DNL 

DAC-B408A/E/G 

±1/2 

LSB 

Nonlinearity 

DAC-8408B/F/H 

±1 

Gain  Error 

Gfse 

i  Using  Internal  RFBi 

±1 

LSB 

Gain  Tempco  i  Notes  3. 6) 

TCGFS 

±2 

±40 

ppm/°C 

Power  Supply  Rejection 
iJVD0  =  ±1(»il) 

PSR 

0.001 

WFSR/1* 

'out  ia.  b.  c.  d 
Leakage  Current 
iNote  13l 

'lkg 

TA  =  +2S'C 

TA  =  Full  Temp.  Range 

±30 
±100 

nA 
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DAC-8408  QUAD  8-BIT  MULTIPLYING  CMOS  D/A  CONVERTER  WITH  MEMORY 


ELECTRICAL  CHARACTERISTICS  at  vDD  =  +5V;  vREF  =  +10V;  VouTA,  B,  C,  D  =  OV;  TA  =  -55°C  to  +125°C  apply  for 
DAC-8408AT/BT,  TA  =  -25°C  to  +85°C  apply  for  DAC-8408ET/FT;  TA  =  0°C  to  +70°C  apply  for  DAC-8408GP/HP/HPC,  unless 
otherwise  noted.  Specifications  apply  for  DAC  A,  B,  C,  &  D.  (Continued) 


DAC-8408 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

REFERENCE  INPUT 

Input  Ullage  Range 

±20 

V 

Input  Resistance  Match 
I  Note  4 1 

RA.  B.  C.  D 

±1 

% 

Input  Resistance 

RIN 

6 

10 

14 

kn 

DIGITAL  INPUTS 

Digital  Input  Low 

V,L 

08 

V 

Digital  Input  High 

V.M 

2.4 

V 

Input  Current 

TA  =  +25°C 

±0.01 

±1.0 

«A 

{Note  Si 

■in 

TA  ~  Full  Temp.  Range 

±10.0 

Input  Capacitance 
{Note  6) 

CIN 

a 

PF 

DATA  BUS  OUTPUTS 

Digital  Output  Low 

Vol 

1.6mA  Sink 

0.4 

V 

Digital  Output  High 

YoH 

400fiA  Source 

4 

V 

Output  Leakage 

'iKG 

TA  =  +25°C 

±0.005 

±1.0 

MA 

Current 

TA  =  Full  Temp.  Range 

±0.075 

±10.0 

DAC  OUTPUTS  {Note  6) 

Propagation  Delay 
{Note  7] 

•no 

150 

180 

ns 

Settling  Time 
{Notes  11.121 

190 

250 

ns 

Output  Capacitance 

COUT 

DAC  Latches  All  "O's" 
DAC  Latches  All  "I  s" 

30 
50 

PF 

AC  Feedthrough 

FT 

i20Vp1l@F  =  100kHzi 

54 

dB 

SWITCHING  CHARACTERISTICS  {Notes  6. 1D) 

Write  to 

'osi  or 

TA  =  +25"C 

90 

ns 

Data  Strobe  Time 

'oss 

TA  =  Full  Temp.  Range 

145 

Data  Valid  to 

TA  =  +25°C 

150 

Strobe  Set-Up  Time 

'dsu 

TA  =  Full  Temp.  Range 

175 

ns 

Data  valid  to 

10 

ns 

Strobe  Hold  Time 

*DH 

OAC  Select  to 

0 

ns 

Strobe  Set-Up  Time 

'as 

DAC  Select  to 

0 

ns 

Strobe  Hold  Time 

'ah 

Write  Select  to 
Strobe  Set-Up  Time 

'wsu 

0 

ns 

Write  Select  to 

0 

ns 

Strobe  Hold  Time 

'wh 
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DAC-8408  QUAD  8-BIT  MULTIPLYING  CMOS  D/A  CONVERTER  WITH  MEMORY 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V;  VREF  =  ±10V;  V0UtA,  B,  C,  D  =  OV;  TA  =  -55°C  to  +125°C  apply  for 
DAC-8408AT/BT,  TA  =  -25°C  to  +85°C  apply  for  DAC-8408ET/FT;  TA  =  0°C  to  +70°C  apply  for  DAC-8408G P7HP/H PC,  unless 
otherwise  noted.  Specifications  apply  for  DAC  A,  B,  C,  &  D.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

DAC-8408 

TYP 

MAX 

UNITS 

Read  to 
Data  Strobe  Width 

(RDS 

TA  =  +25-C 

TA  =  Full  Temp.  Range 

220 
350 

Data  Strobe  to 
Output  Valid  Time 

too 

TA  =  +25'C 

TA=  Full  Temp.  Range 

320 
430 

ns 

Output  Data  to 
Deselect  Time 

'OTD 

TA=+25*C 

TA  =  Full  Temp.  Range 

200 
270 

ns 

Read  Select  to 
Strobe  Set-Up  Time 

*RSU 

6 

ns 

Read  Select  to 
Strobe  Hold  Time 

•rm 

0 

ns 

POWER  SUPPLY 

Voltage  Range 

Vdd 

4.5 

5.5 

V 

Supply  Current 
(Note  8) 

'dd 

50 

Supply  Current 
(Note  9) 

'dd 

TA=+25»C 

TA=  Full  Temp.  Range 

1.0 
1.5 

mA 

NOTES: 

1.  This  is  an  end-point  linearity  specification. 

2.  Guaranteed  to  be  monotonic  over  the  lull  operating  temperature  range. 

3.  ppmrc  of  FSR  (FSR  =  Full  Scale  Range  =  VREF  -  1  LSB.) 

4.  Input  Resistance  Temperature  Coefficient  =  +3u0ppm/*C. 

5.  Logic  Inputs  are  MOS  gates.  Typical  input  current  at  +25°C  is  less  than 
10nA. 

6.  Guaranteed  by  design. 


BURN-IN  CIRCUIT 


7  From  Digital  Input  to  90%  of  final  analog  output  current. 

8.  Alt  Digital  Inputs  "0"  or  VDr> 

9.  All  Digital  inputs  V(Hor  VIL. 

10.  See  Timing  Diagram. 

11.  Digital  Inputs  =  0V  to  VDD  or  VDD  to  0V. 

12.  Extrapolated:  t,  (1/2  LSB)  =  tpD  +  6.2 r  where  r  -  the  measured  first  time 
constant  of  the  final  RC  decay. 

13.  All  Digital  Inputs  =  0V;  VnEF  =  -H0V. 


CO 

(JL| 


o 
u 

o 
o 

t 

< 

i 

o 

H 

i 

$ 

p-H 

o 

Q 


O 


ni 
-VW— 


Vdo 

VrifA 

r,8a 
■out  u 

'OUT  2*"0UT  IS 

■out  id 

RfdB 

VittrB 

(LSB)  DB0 

DB1 

D82 

DB3 

D84 

DBS 


DQNO 
VrifC 
RraC 

'OUTIC 

*outjc"outio 
■out  10 
RfqD 
VmfO 
DS2 
0S1 
RfW 
A/B 
DQ7  {MSB) 
DBS 


+J0V 
Vref 
O 


_  _C2 


V 


-C4 
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DAC-8408  QUAD  8-BIT  MULTIPLYING  CMOS  D/A  CONVERTER  WITH  MEMORY 


DICE  CHARACTERISTICS 


■S  — — — _  <ii 

DIE  SIZE  0.130  x  0.124  inch,  16,120  sq.  mils 
(3.30  x  3.15  mm.  10.4  sq.  mm) 


1. 

vDD 

15. 

DBG 

2. 

Vref* 

16. 

DB7  (MSB) 

3. 

RfbA 

17. 

A/B 

4. 

'out  ia 

18. 

R/W 

5. 

'OUT  2A/,OUT2B 

19. 

DS1 

6. 

'OUT  IB 

20. 

DS2 

7. 

RFBB 

21. 

VrefD 

8. 

VrefB 

22. 

RFBD 

9. 

DBO  (LSB) 

23. 

'out  id 

10. 

DB1 

24. 

'0UT2C/'0UT2D 

11. 

DB2 

25. 

'out  1C 

12. 

DB3 

26. 

RfbC 

13. 

DB4 

27. 

VrefC 

14. 

DB5 

28. 

DGND 

For  additional  DICE  ordering  inlormalion,  refer 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  vDD  =  +5V;  VREF  =  ±10V;  V0UtA.  B.  C,  D  =  0V;  Ta  =  +25°C,  unless  otherwise  noted.  Specifications  apply  for 
DAC  A,  B,  C,  &  D. 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC-8408G 
LIMITS 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

a 

Bits  MIN 

Nonlinearity  Nole  1 

INL 

r1/2 

LSB  MAX 

Differential  Nonlinearity 

DNL 

it 

LSB  MAX 

Gain  Error 

GFSE 

Using  Internal  RrR 

it 

LSB  MAX 

Power  Supply  Reiection 
■Wqq  =  r10%    Note  2 

PSR 

Using  Internal  RFa 

0001 

%FSR/°i  MAX 

'out  ia.b.c.d  Leakage  Current 

'lkg 

All  Digital  Inputs  0V 
VREF  =  +10V 

±30 

nA  MAX 

REFERENCE  INPUT 

Reference  Input 
Resistance  Note  3 

R,n 

6'14 

kfl  MIN/MAX 

Input  Resistance  Match 

R|N 

±1 

%MAX 

DIGITAL  INPUTS 

Digital  Input  Low 

V.L 

06 

V  MAX 

Digital  Input  High 

v,„ 

2.4 

V  MIN 

Input  Current  iNote  4) 

'in 

±1.0 

,jA  MAX 
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DAC-8408  QUAD  8-BIT  MULTIPLYING  CMOS  D/A  CONVERTER  WITH  MEMORY 


WAFER  TEST  LIMITS  at  V0D= +5V;  VREF= ±10V;  V0utA,  B,  C,  D = OV;  Ta= +250C,  unless  otherwise  noted.  Specifications  apply  for 
DAC  A.  B,  C,  &  D.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC-8408G 
LIMITS 

UNITS 

DATA  BUS  OUTPUTS 

Digital  Output  Low 

Vol 

t.6mA  Sink 

0.4 

VMAX 

Digital  Output  High 

Voh 

400>A  Source 

4 

VMIN 

Output  Leakage  Current 

'lkq 

±1.0 

pA  MAX 

POWER  SUPPLY 

Supply  Current  (Note  5) 

'do 

50 

jiAMAX 

Supply  Current  (Note  6) 

'do 

1.0 

ItlA  MAX 

NOTES:  4.  Logic  inputs  are  MOS  gates.  Typical  input  current  at  +25*C  is  less  than  10nA. 

1.  This  is  an  endpoint  linearity  specification.  5.  All  Digital  Inputs  are  either  "0"  or  V0D. 

2.  FSR  is  Full  Scale  Range  =  VBEF  - 1  LSB.  6.  All  Digital  Inputs  are  either  VIH  or  VIL. 

3.  Input  Resistance  Temperature  Coefficient  approximately  equals 
+300ppm/°C. 


Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  PERFORMANCE  CHARACTERISTICS 
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DAC-8408  QUAD  8-BIT  MULTIPLYING  CMOS  D/A  CONVERTER  WITH  MEMORY 


TIMING  DIAGRAM 


— /          OATA  VALID          \-    THREE-  f     D„A  V4Lm  \ 
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I  I 
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I*     Ihwj  — A  'AH  H — 
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I  I 
I  I 
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TIMING  MEASUREMENT  REFERENCE  LEVEL  tS  m  , 


PARAMETER  DEFINITIONS 
RESOLUTION 

Resolution  is  the  number  of  states  (2")  that  the  full-scale  range 
(FSR)  of  a  DAC  Is  divided  (or  resolved)  Into. 

NONLINEARITY 

Nonllnearlty  (Relative  Accuracy)  Is  a  measure  of  the  maximum 
deviation  from  a  straight  line  passing  through  the  end-points  of 
the  DAC  transfer  function.  It  is  measured  after  adjusting  for 
ideal  zero  and  full-scale  and  is  expressed  in  LSB,  %,  or  ppm  of 
full-scale  range. 

DIFFERENTIAL  NONLINEARITY 

Differential  Nonlinearity  is  the  worst  case  deviation  of  any 
adjacent  analog  outputs  from  the  ideal  1LSB  step  size.  A 
specified  differential  nonlinearity  of  ±1  LSB  maximum  over  the 
operating  temperature  range  ensures  monotonicity. 

GAIN  ERROR 

Gain  Error  (full-scale  error)  is  a  measure  of  the  output  error 
between  the  ideal  and  actual  DAC  output.  The  ideal  full-scale 
output  is  VrEf  - 1  LSB. 

OUTPUT  CAPACITANCE 

Output  Capacitance  is  that  capacitance  between  I  out  ia. 
'out  ir*  Iqut  1&  or  'out  id  aid  AGND. 


AC  FEEDTHROUGH  ERROR 

This  is  the  error  caused  by  capacitance  coupling  from  Vflfpto 
the  DAC  output  with  all  switches  off. 

SETTLING  TIME 

Settling  Time  is  the  time  required  for  the  output  function  of  the 
DAC  to  settle  to  within  1/2  LSB  for  a  given  digital  input  signal. 

PROPAGATION  DELAY 

This  is  a  measure  of  the  internal  delays  of  the  DAC.  It  is  defined 
as  the  time  from  a  digital  input  change  to  the  analog  output- 
current  reaching  90%  of  its  final  value. 

CHANNEL-TO-CHANNEL  ISOLATION 

This  is  the  portion  of  input  signal  that  appears  at  the  output  of  a 
DAC  from  another  DAC's  reference  input.  It  is  expressed  as  a 
ratio  in  dB. 

DIGITAL  CROSSTALK 

Digital  Crosstalk  is  the  glitch  energy  transferred  to  the  output  of 
one  DAC  due  to  a  change  in  digital  input  code  from  other 
DACs.  It  is  specified  in  nVs. 
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CIRCUIT  INFORMATION 

The  DAC-8408  combines  four  identical  8-bit  CMOS  DACs  onto 
a  single  monolithic  chip.  Each  DAC  has  its  own  reference  input, 
feedback  resistor,  and  on-board  data  latches.  It  also  features  a 
read/write  function  that  serves  as  an  accessible  memory 
location  for  digital-input  data  words.  The  DACs  three-state 
readback  drivers  place  the  data  word  back  onto  the  data  bus. 

D/A  CONVERTER  SECTION 

Each  DAC containsahighly stable, silicon-chromium,  thin-film, 
R-2R  resistor  ladder  network  and  eight  pairs  of  current  steering 
switches.  These  switches  are  in  series  with  each  ladder  resistor 
and  are  single-pole,  double-throw  NMOS  transistors;  the  gates 
of  these  transistors  are  controlled  by  CMOS  inverters.  Figure  1 
shows  a  simplified  circuit  of  the  R-2R  resistor  ladder  section, 
and  Figure  2  shows  an  approximate  equivalent  switch  circuit. 
The  current  through  each  resistor  leg  is  switched  between  I  out  1 
and  Iout  2-  This  maintains  a  constant  current  in  each  leg, 
regardless  of  the  digital  input  logic  states. 

Each  transistor  switch  has  a  finite  "ON"  resistance  that  can 
introduce  errors  to  the  DACs  specified  performance.  These 
resistances  must  be  accounted  for  by  making  the  voltage  drop 
across  each  transistor  equal  to  each  other.  This  is  done  by 
binarily-scallng  the  transistor's  "ON"  resistance  from  the  most 
significant  bit  (MSB)  to  the  least  significant  bit  (LSB).  With  10 
volts  applied  at  the  reference  input,  the  current  through  the 
MSB  switch  is  0.5mA,  the  next  bit  is  0.25mA,  etc.;  this  maintains 
a  constant  10mV  drop  across  each  switch  and  the  converter's 
accuracy  is  maintained.  It  also  results  in  a  constant  resistance 
appearing  at  the  DACs  reference  input  terminal;  this  allows  the 
DAC  to  be  driven  by  a  voltage  or  current  source,  AC  or  DC  of 
positive  or  negative  polarity. 

Shown  in  Figure  3  is  an  equivalent  output  circuit  for  DAC  A.  The 
circuit  is  shown  with  all  digital  inputs  high.  The  leakage  current 
source  is  the  combination  of  surface  and  junction  leakages  to 
the  substrate.  The  1/256  current  source  represents  the  constant 
1-bit  current  drain  through  the  ladder  terminating  resistor.  The 
situation  is  reversed  with  all  digital  Inputs  low,  as  shown  in 
Figure  4.  The  output  capacitance  is  code  dependent,  and 
therefore,  is  modulated  between  the  low  and  high  values. 


FIGURE  1:  Simplified  D/A  Circuit  of  DAC-8408 
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FIGURE  2:  N-Channel  Current  Steering  Switch 
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FIGURE  3:  Equivalent  DAC  Circuit  (All  digital  inputs  HIGH) 
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FIGURE  4:  Equivalent  DAC  Circuit  (All  digital  inputs  LOW) 
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DIGITAL  SECTION 

Figure  5  shows  the  digital  input/output  structure  for  one  bit. 
The  digital  WR,  WR,  and  RD  controls  shown  in  the  figure  are 
internally  generated  from  the  external  A/B,  R/W,  DS1 ,  and  DS2 
signals.  The  combination  of  these  signals  decide  which  DAC  is 
selected.  The  digital  inputs  are  CMOS  inverters,  designed  such 
that  TTL  input  levels  (2.4V  and  0.8V)  are  converted  into  CMOS 
logic  levels.  When  the  digital  input  is  in  the  region  of  1.2  to  1.8V, 
the  input  stages  operate  in  their  linear  region  and  draw  current 
from  the  +5V  supply  (see  Typical  Supply  Current  vs  Logic  Level 
curve  on  page  6).  It  is  recommended  that  the  digital  input 
voltages  be  as  close  to  VDDand  DGND  as  is  practical  in  order  to 
minimize  supply  currents.  This  allows  maximum  savings  in 
power  dissipation  inherent  with  CMOS  devices.  The  three-state 
readback  digital  output  drivers  (in  the  active  mode)  provide 
TTL-compatible  digital  outputs  with  a  fan-out  of  one  TTL  load. 
The  three-state  digital  readback  leakage-current  is  typically  5nA. 

FIGURE  5:  Digital  Input/Output  Structure 
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INTERFACE  LOGIC  SECTION 
DAC  Operating  Modes 

•  All  DACs  in  HOLD  MODE. 

•  DAC  A,  B.  C,  or  D  individually  selected  (WRITE  MODE). 

•  DAC  A,  B,  C,  or  D  individually  selected  (READ  MODE). 

•  DACs  A  and  C  simultaneously  selected  (WRITE  MODE). 

•  DACs  B  and  D  simultaneously  selected  (WRITE  MODE). 

DAC  Selection:  Control  inputs,  DS1,  DS2,  and  A/B  select  which 
DAC  can  accept  data  from  the  input  port  (see  Mode  Selection 
Table). 

Mode  Selection:  Control  inputs  DS  and  R/W  control  the 
operating  mode  of  the  selected  DAC. 

Write  Mode:  When  the  control  inputs  DS  and  R/W  are  both  low, 
the  selected  DAC  is  in  the  write  mode.  The  input  data  latches  of 
the  selected  DAC  are  transparent,  and  it's  analog  output 
responds  to  activity  on  the  data  inputs  DBO— DB7. 

Hold  Mode:  The  selected  DAC  latch_retains_the  data  that  was 
present  on  the  bus  line  just  prior  to  DS  or  R/W  going  to  a  high 
state.  All  analog  outputs  remain  at  the  values  corresponding  to 
the  data  in  their  respective  latches. 

Read  Mode:  When  DS  is  low  and  R/W  is  high,  the  selected  DAC 
is  in  the  read  mode,  and  the  data  held  in  the  appropriate  latch  is 
put  back  onto  the  data  bus. 

MODE  SELECTION  TABLE  

CONTROL  LOGIC 


DS1 

DS2 

A/B 

R/W 

MODE 

DAC 

L 

H 

H 

L 

WRITE 

A 

■  L 

H 

L 

L 

WRITE 

B 

H 

L 

H 

L 

WRITE 

C 

H 

L 

L 

L 

WRITE 

D 

L 

H 

H 

H 

READ 

A 

L 

H 

L 

H 

READ 

B 

H 

L 

H 

H 

READ 

C 

H 

L 

L 

H 

READ 

D 

L 

L 

H 

L 

WRITE 

A&C 

L 

L 

L 

L 

WRITE 

B&D 

H 

H 

X 

X 

HOLD 

A/B/C/D 

L 

L 

H 

H 

HOLD 

A/B/C/D 

L 

L 

L 

H 
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BASIC  APPLICATIONS 

Some  basic  circuit  configurations  are  shown  in  Figures6and  7. 
Rgure6showsthe  DAC-8408  connected  in  a  unipolar  configura- 
tion (2-Quadrant  Multiplication),  and  Table  I  shows  the  Code 
Table.  Resistors  R1,  R2.  R3.  and  R4  are  used  to  trim  full  scale 
output.  Full-scale  output  voltage = VREF-1 LSB = Vref  (1  -2-8)  or 
VREF  x  (255/256)  with  all  digital  inputs  high.  Low  temperature 
coefficient  (approximately  50ppm/°C)  resistors  or  trimmers 
should  be  selected  if  used.  Full  scale  can  also  be  adjusted  using 
VrEF  voltage.  This  will  eliminate  resistors  R1,  R2.  R3,  and  R4.  In 
many  applications,  R1  through  R4  are  not  required,  and  the 
maximum  gain  error  will  then  be  that  of  the  DAC. 

Each  DAC  exhibits  a  variable  output  resistance  that  is  code- 
dependent.  This  produces  a  code-dependent,  differential  non- 
linearity  term  at  the  amplifier's  output  which  can  have  a 
maximum  value  of  0.67  x  the  amplifier's  offset  voltage.  This 
differential  nonlinearity  term  adds  to  the  R-2R  resistor  ladder 
differential-nonlinearity;  the  output  may  no  longer  be  mono- 
tonic.  To  maintain  monotonicity  and  minimize  gain  and  linearity 
errors,  it  is  recommended  that  the  op  amp  offset  voltage  be 
adjusted  to  less  than  10%  of  1  LSB  (1  LSB  =  r8  X  VREF  or 
1/256  x  VrEF),  or  less  than  3.9m  V  over  the  operating  temperature 
range.  Zero-scale  output  voltage  (with  all  digital  Inputs  low) 
may  be  adjusted  using  the  op  amp  offset  adjustment.  Capacitors 
C1,  C2,  C3,  and  C4  provide  phase  compensation  and  help  pre- 
vent overshoot  and  ringing  when  using  high  speed  op  amps. 

Figure  7  shows  the  recommended  circuit  configuration  for  the 
bipolar  operation  (4-quadrant  multiplication),  and  Table  II 
shows  the  Code  Table.  Trimmer  resistors  R17,  R18.  R19,  and  R20 


are  used  only  if  gain  error  adjustments  are  required  and  range 
between  50  and  10000.  Resistors  R21,  R22,  R23,  and  R24  will 
range  betwen  50  and  500O.  If  these  resistors  are  used,  it  is 
essential  that  resistor  pairs  R9— R13,  R10— R14,  R11  — R15, 
R12— R16  are  matched  both  in  value  and  tempco.  They  should 
be  within  0.01%;  wire  wound  or  metal  foil  types  are  preferred  for 
best  temperature  coefficient  matching.  The  circuits  of  Figure  6 
and  7  can  either  be  used  as  a  fixed  reference  D/A  converter,  or 
as  an  attenuator  with  an  AC  input  voltage. 

TABLE  I:  Unipolar  Binary  Code  Table  (Refer  to  Figure  6.) 


DAC  DATA  INPUT 
MSB  LSB 

ANALOG  OUTPUT 

1    1  1 

1 

1 

1 

1 

1 

-Vref 

^256/ 

1    0  0 

0 

0 

0 

0 

1 

-Vref 

/129\ 
V256/ 

1    0  0 

0 

0 

0 

0 

0 

-Vref 

/128\  „-VIN 
\256/  ~ 

0    1  1 

1 

1 

1 

1 

1 

-Vref 

(W) 

0   0  0 

0 

0 

0 

0 

1 

-Vref 

(256) 

0   0  0 

0 

0 

0 

0 

0 

-Vref 

NOTE: 

1LSB=|2"»|(VREF 

1 

256 

» 

FIGURE  6:  Quad  DAC  Unipolar  Operation  (2-Quadrant  Multiplication) 
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•ALL  AMPLIFIERS  ARE  Op.27*.  1/4  OP-4201.  OR  1/4  OP-421B. 
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FIGURE  7:  Quad  DAC  Bipolar  Operation  (4-Quadrant  Multiplication) 
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TABLE  II:  Bipolar  (Offset  Binary)  Code  Table  (Refer  to  Figure  7.) 


DAC  DATA  INPUT 
MSB  LSB 

ANALOG  OUTPUT 
(DAC  A  OR  DAC  B) 

1    1  1 

1 

1 

1 

1 

1 

1    0  0 

0 

0 

0 

0 

1 

+  VREF(Tlg) 

1    0  0 

0 

0 

0 

0 

0 

0 

0   1  1 

1 

1 

1 

1 

1 

-Vref  (ill) 

0   0  0 

0 

0 

0 

0 

1 

"Vref  (}f§) 

0   0  0 

0 

0 

0 

0 

0 

-Vref  (iff) 

NOTE:  . 

1  LSB  =  (2"7)  (Vbef)  =  ^  (VREF) 


APPLICATION  HINTS 

General  Ground  Management:  AC  or  transient  voltages  between 
AGND  and  DGND  can  appear  as  noise  at  the  DAC-8408's 
analog  output.  Note  that  in  Rgures  5  and  6,  lour  2a/'out  2B  and 
'out  2c/'out  20  are  connected  to  AGND.  Therefore,  it  is 
recommended  that  AGND  and  DGND  be  tied  together  at  the 
DAC-8408  socket.  In  systems  where  AGND  and  DGND  are  tied 
together  on  the  backplane,  two  diodes  (1N914  or  equivalent) 
should  be  connected  in  inverse  parallel  between  AGND  and 
DGND. 

Write  Enable  Timing:  During  the  period  when  both  DS  and  R/W 
are  held  low,  the  DAC  latches  are  transparent  and  the  analog 
output  responds  directly  to  the  digital  data  input  To  prevent 
unwanted  variations  of  the  analog  output,  the  R/W  should  not 
go  low  until  the  data  bus  is  fully  settled  (DATA  VALID). 
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SINGLE  SUPPLY,  VOLTAGE  OUTPUT  OPERATION 

The  DAC-8408  can  be  connected  with  a  single  +  5V  supply  to 
produce  DAC  output  voltages  from  OV  to  +  1.5V.  In  Figure  8, 
the  DAC-8408  R-2R  ladder  is  inverted  from  its  normal  con- 
nection. A  +1.500V  reference  is  connected  to  the  current 
output  pin  4  (Iout  ia).  and  the  normal  VREF  input  pin  becomes 
the  DAC  output.  Instead  of  a  normal  current  output,  the  R-2R 
ladder  outputs  a  voltage.  The  OP-490,  consisting  of  four 
precision  low-power  op  amps  that  can  operate  its  inputs  and 
outputs  to  zero  volts,  buffers  the  DAC  to  produce  a  low- 
impedance  output  voltage  from  OV  to  +1.5V  full-scale.  Table 
III  shows  the  code  table. 

With  the  supply  and  reference  voltages  as  shown,  better  than 
1/2  LSB  differential  and  integral  nonlinearity  can  be  ex- 
pected. To  maintain  this  performance  level,  the  +5V  supply 
must  not  drop  below  4.7SV.  Similarly,  the  reference  voltage 
must  be  no  higher  than  1.5V.  This  is  because  the  CMOS 
switches  require  a  minimum  level  of  bias  in  order  to  maintain 
the  linearity  performance. 


TABLE  III:  Single  Supply  Binary  Code  Table  (Refer  to 
Figure  8) 


DAC  DATA  INPUT 
MSB  LSB 

ANALOG  OUTPUT 

1111 

1 

1  1 

1 

VREF(ii)' 

+1.4941  V 

10   0  0 

0 

0  0 

1 

V"EF  (§§§). 

+0.7559V 

10  0  0 

0 

0  0 

0 

+0.7500V 

0  111 

1 

1  1 

1 

vrefQ|s). 

+0.7441  V 

0   0   0  0 

0 

0  0 

1 

Vref(256)' 

+0.0059V 

0   0   0  0 

0 

0  0 

0 

Vref(256)' 

0.0000V 

FIGURE  8:  Unipolar  Supply,  Voltage  Output  DAC  Operation 
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FIGURE  9:  A  Digitally  Programmable  Universal  Active  Filter 
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A  DIGITALLY  PROGRAMMABLE  ACTIVE  FILTER 

A  powerful  D/A  converter  application  is  a  programmable 
active  filter  design  as  shown  in  Figure  9.  The  design  is  based 
on  the  state-variable  filter  topology  which  offers  stable  and 
repeatable  filter  characteristics.  DAC  B  and  DAC  D  can  be 
programmed  in  tandem  with  a  single  digital  byte  load  which 
sets  the  center  frequency  of  the  filter.  DAC  A  sets  the  Q  of 
the  filter.  DAC  C  sets  the  gain  of  the  filter  transfer  function. 
The  unique  feature  of  this  design  is  that  varying  the  gain  of 
filter  does  not  affect  the  Q  of  the  filter.  Similarly,  the  reverse  is 
also  true.  This  makes  the  programmability  of  the  filter 
extremely  reliable  and  predictable.  Note  that  low-pass,  high- 
pass,  and  bandpass  outputs  are  available.  This  sophisticated 
function  is  achieved  in  only  two  IC  packages. 

The  network  analyzer  photo  shown  in  Figure  10  superim- 
poses five  actual  bandpass  responses  ranging  from  the  low- 
est frequency  of  75Hz  (1  LSB  ON)  to  a  full-scale  frequency  of 
19.132kHz  (all  bits  ON),  which  is  equivalent  to  a  256  to  1 
dynamic  range.  The  frequency  is  determined  by  fc  =  1/2n-RC 
where  R  is  the  ladder  resistance  (Rin)  of  the  DAC  -8408,  and 
C  is  1000pF.  Note  that  from  device  to  device,  the  resistance 
Rin  varies.  Thus  some  tuning  may  be  necessary. 


FIGURE  10:  Programmable  Active  Filter  Band-Pass  Frequency 
Response 


THE  CIRCUIT  PROVIDES  FULL  8-BIT 
2  DECADE  | DYNAMIC  RANGE  OF 
FREQUENCY  CONTROL 


All  components  used  are  available  off-the-shelf.  Using  low 
drift  thin-film  resistors,  the  DAC-8408  exhibits  very  stable 
performance  over  temperature.  The  wide  bandwidth  of  the 
OP-470  produces  excellent  high  frequency  and  high  Q 
response.  In  addition,  the  OP-470's  low  input  offset  voltage 
assures  an  unusually  low  DC  offset  at  the  filter  output. 
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FIGURE  11:  A  Digitally  Programmable,  Low-Distortion  Sinewave  Oscillator 
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A  LOW-DISTORTION,  PROGRAMMABLE 
SINEWAVE  OSCILLATOR 

By  varying  the  previous  state-variable  filter  topology  slightly, 
one  can  obtain  a  very  low  distortion  sinewave  oscillator  with 
programmable  frequency  feature  as  shown  in  Figure  11. 
Again,  DAC  B  and  DAC  D  in  tandem  control  the  oscillating 
frequency  based  on  the  relationship  fc  =  1/2ttRC.  Positive 
feedback  is  accomplished  via  the  82.5k!)  and  the  20kn  potentio- 
meter. The  Q  of  the  oscillator  is  determined  by  the  ratio  of 


10kn  and  47511  in  series  with  the  FET  transistor,  which  acts 
as  an  automatic  gain  control  variable  resistor.  The  AQC 
action  maintains  a  very  stable  sinewave  amplitude  at  any 
frequency.  Again,  only  two  ICs  accomplish  a  very  useful 
function. 

At  the  highest  frequency  setting,  the  harmonic  distortion 
level  measures  0.016%.  As  the  frequencies  drop,  distortion 
also  drops  to  a  low  of  0.006%.  At  the  lowest  frequency  setting, 
distortion  came  back  up  to  a  worst  case  of  0.035%. 
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D/A  CONVERTER  WITH  INTERNAL  10V  REFERENCE 


ADVANCE  PRODUCT  INFORMATION 


FEATURES 

•  Four  Voltage-Output  DACs  on  a  Single  Chip 

•  Internal  10V  Bandgap  Reference 

•  Reference  Output  Supplies  10mA  for  Other  Loads 

•  Operates  from  Single  +15V  Supply 

•  Microprocessor  Compatible 

•  Fast  90ns  Data  Load  Time,  All  Temperatures 

•  Direct  Replacement  for  PM-7226 

APPLICATIONS 

•  Process  Controls 

•  Multi-Channel  Microprocessor  Controlled: 

—  Variable  Resistors 

—  System  Calibration 

—  Op  Amp  Offset  and  Gain  Adjust 


active  low.  All  digital  inputs  are  TTL/CMOS  (5V)  compatible. 
The  on-board  amplifiers  can  drive  up  to  5mA  from  either  a 
single  or  dual  supply.  The  on-board  reference  that  is  always 
connected  to  the  internal  DACs  has  10mA  available  to  drive 
external  devices. 

Its  compact  size,  low  power,  and  economical  cost-per-channel, 
make  the  DAC-8426  attractive  for  applications  requiring  mul- 
tiple D/A  converters  without  sacrificing  circuit-board  space. 
System  reliability  is  also  increased  due  to  reduced  parts  count. 

PMI's  advanced  oxide-isolated,  silicon-gate,  CMOS  process 
allows  the  DAC-8426's  analog  and  digital  circuitry  to  be 
manufactured  on  the  same  chip.  This,  coupled  with  PMI's 
highly-stable  thin-film  R-2R  resistor  ladder,  aids  in  matching 
and  temperature  tracking  between  DACs. 


GENERAL  DESCRIPTION 

The  DAC-8426  is  a  complete  quad  voltage  output  D/A  converter 
with  internal  reference.  This  product  fits  directly  into  any 
existing  7226  socket  where  the  user  currently  has  a  10V  external 
reference.  The  external  reference  is  no  longer  necessary.  The 
internal  reference  of  the  DAC-8426  is  laser-trimmed  to  ±0.2% 
(±1/2  LSB)  offering  a  25ppm/°C  temperature  coefficient  and 
10mA  of  load  driving  capability. 

The  DAC-8426  contains  four  8-bit  voltage-output  CMOS  D/A 
converters  on  a  single  chip.  A  10V  output  bandgap  reference 
sets  the  output  full-scale  voltage.  The  circuit  also  includes  four 
input  latches  and  interface  control  logic. 

One  of  the  four  latches,  selected  by  the  address  inputs,  is 
loaded  from  the  8-bit  data  bus  input  when  the  write  strobe  is 

SIMPLIFIED  SCHEMATIC 


PIN  CONNECTIONS 
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This  advance  product  Information  describes  a  product  In  development  at  the  time  of  Mils  printing.  Final  specifications  may  vary.  Please  contact  local 
sales  office  or  distributor  for  final  data  sheet. 
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Precision  Monolithics  Inc. 


PM-562 

12-BIT  MULTIPLYING  CURRENT-OUTPUT 

D/A  CONVERTER 


FEATURES 

•  NonHnearily  ±1/4  LSB  (Max) 

•  Settling  Time    1.5  ms  (Typ) 

•  No  Laser  Trimming  Used  In  Fabrication 

•  Internal  Range  and  Offset  Scaling  Resistors 

•  Guaranteed  Monotonlclty  Over  Temperature 

•  TTL  or  CMOS  Logic  Input  Compatibility,  Pin  Selectable 

•  Low  Power  Consumption   130mW(Typ) 

•  Directly  Pin  Compatible  with  ADS62 

ORDERING  INFORMATION 

NONLINEARITY 
@25*C  (LSB)  PMI  MODEL  NO.        TEMP.  RANGE 

±1/4                    PMS62AV  -55°C/+12S<,C 
±1/2                   PM562BV*  -55*C/+125*C 
±1/2                   PM562FV  -25oC/+850C 
±1/4                   PM562GV  0°C/+70°C 
 ±1/2  PM562HV  0°C/-r-70''C 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after 
part  number.  Consult  factory  for  663  data  sheet. 

tGurn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip.  and  TO*can  packages.  For  ordering  information,  see  1388 
Data  Book.  Section  2. 

GENERAL  DESCRIPTION 

The  PM-562  is  a  12-bit  monolithic  multiplying  digital-to- 
analog  converter  consisting  of  a  reference  current  amplifier, 
an  R-2R  ladder  network,  range  and  offset  scaling  resistors, 
and  12  high-speed  current  switches.  Improvements  provided 
by  the  PM-562  include  greater  negative  power  supply  range 


and  increased  output  resistance.  The  PM-562  is  pin  com- 
patible with  the  AD562. 

A  highly  stable  trim  method;  selective  shorting  of  zener 
diodes,  provides  13-bit  accuracy  without  the  need  for  laser 
trimming.  Reliability  of  this  trimming  method  has  been 
proven  in  several  other  PMI  products  with  many  years  of 
reliability  history.  Internal  scaling  resistors  plus  an  external 
op  amp  simplifies  construction  in  voltage  output  applications, 
while  maintaining  accuracy  over  wide  operating  temperature 
ranges.  The  PM-562  is  recommended  for  12-bit  accuracy  D/A 
applications  where  single-chip  reliability,  small  size  and  low 
cost  are  primary  considerations. 

PIN  CONNECTIONS 


•  E 

■vlc  [I 
vrefM  [I 

REF  SUM  JUNCTION  f£ 
VRJFl'l  n 

v-rr 

BIPOLAR  OFFSET  "R"  IN  [T 
BIPOLAR  OFFSET  "ft"  OUT  [7 
"OUT  LT 
10V  SPAN  Qo 
WVSPAN  Qi 
GROUND  LH 

TOP  VIEW 
24-PIN  HERMETIC  DIP 

•Connect  VLcto  V+  for  CMOS  logic  inputs.  Leave  VLC  open  circuit  or 
grounded  for  TTL  inputs. 


2 


EQUIVALENT  CIRCUIT 


Vic 
0 
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vrefi-io- 

VREFt-tO— 
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B7  S3  S9  BID  811  812 
OOOOQO 


20M1 
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Manufactured  under  the  following  patent:  4,055,773. 
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PM-562 12-BIT  MULTIPLYING  CURRENT-OUTPUT  D/A  CONVERTER 


ABSOLUTE  MAXIMUM  RATINGS 

Operating  Temperature  Range 

PM-562A/B   -55°Cto  +  125°C 

PM-582F   -25°  C  to  +85°  C 

PM-582G/H   0°Cto+70°C 

Storage  Temperature  Range   -65°  C  to +150°  C 

Power  dissipation  at  TA=  125°  C   1000mW 

Lead  Temperature  (Soldering.  60  sec)   300°  C 


Supply  Voltage  (V+)   +18V 

Supply  Voltage  (V-)    -18V 

V+toV-    36V 

Logic  Inputs   V-  to  (V-  plus  36V) 

Summing  Junction  (Pin  4)   V-  to  V+ 

CMOS/TTL  Threshold  (Pin  2)   V-  to  V+ 

■out  (P'n  9)    -5Vto+18V 

Span  Resistors    36V 


ELECTRICAL  CHARACTERISTICS  at  V+  =  5V,  V-  =  -15V,  VREF  (+)  =  +  10.0000V,  VREF  (-)  =  0V.  TA  =  +25"  C, 
unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

PM-S62A/G 

MIN       TYP  MAX 

PM-562B/F/H 

MIN       TYP  MAX 

UNITS 

Rannlntl  nn 

N 

T^a  Full  Range 

12 

12 

Bits 

Monotoniclty 

TA=  Full  Range 

12 

— 

- 

12 

— 

Bits 

Nonllneartty 

NL 

— 

±1/4 

±1/2 

LSB 

Differential  Nonllnearlty 

DNL 

— Er 

±1/2 

±1/2 

LSB 

Settling  Time 

ts 

To  ±1/2  LSB.  all  bits 
ON  or  OFF 

- 

- 

- 

1.5 

- 

(IS 

Output  Voltage  Compliance 

Voc 

+107-1.5 

+10/-15 

V 

Full-Scalo  Output 
Current  Range 

Ira 

Vref  (+)  = +10.0000V  Unipolar 
Rj= 60n  Bipolar 

-1.6 
±0.8 

-2.0 
±1.0 

-2.4 
±1.2 

-1.6 
±0.8 

-2.0 
±1.0 

-2.4 
±1.2 

mA 

Zero-Scale  Current 

Izs 

AM  bits  OFF 

.005 

0.05 

.005 

0.05 

ttFS 

Output  Resistance 

"o 

2 

2 

Ml) 

Output  Capacitance 

Co 

30 

30 

PF 

Reference  Input  Impedance 

Z|N 

Pin  5 

20 

20 

kn 

Gain  Error 

Ipse 

Rj  =  50n,  (Notel) 

±0.2 

±0.2 

ttFS 

Bipolar  Zero-Scale  Error 

'bzse 

R,  =  Son,  (Note  1) 

±0.1 

±0.1 

«FS 

Full-Scale  Gain 
Adjustment  Range 

AIfsr 

R2  =  lOOn  Trlmpot.  (Note  1 ) 

±0.25 

±0.25 

%FS 

Bipolar  Zero-Scale 
Adjustment  Range 

a'bisb 

R,  =  100n  TrimpoL  (Note  1 ) 

±0.25 

±025 

*FS 

Power  Supply 
Gain  Sensitivity 

+Pss 

"P88 

V+  =  5VorV+  =  1SV 
V-  =  -15V 

2 

6 

2 
6 

ppmFS/% 

Supply  Current 

H- 
I- 

V+=  4.75  V  to  15.6  V 
V-=-1SV±  10* 

5 
-7 

18 
-25 

5 
-7 

18 

-25 

mA 

TTL  Logic 
Input  Voltage 

vIH 

Pin  2  lIH=100nA 
Open  Circuit  l|L=-100(iA 

2.0 

0B 

2.0 

0.8 

V 

CMOS  Voltage 
Logic  Input 

V,H 
V.L 

Pin  2  l,H=100nA 
tied  to  Pin  1       l„.  =  -100^A 

70 

30 

70 

30 

*V+ 
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PM-562  12-BIT  MULTIPLYING  CURRENT-OUTPUT  D/A  CONVERTER 


ELECTRICAL  CHARACTERISTICS  at  V+  =  5V,  V-  =  -1 5V.  VREF  <+)  =  +  10.0000V,  VREF  (-)  =  0V,  -55°  C  <  TA  < +125°  C  for 
PM-562A/B,  -25°C  <  TA<+65'C  for  PM-562F,  0"C  <  TA£  +70°C  for  PM-562Q/H,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

PM-562A/Q 
MIN      TYP  MAX 

PM-562B/F/H 
MIN      TYP  MAX 

UNITS 

Zero-Scale  Temperature 
Coefficient 

TCIzs 

Unipolar  Leakage 
Current  Change  (Note  2) 

-        -  2 

-        —  2 

ppmFS/*C 

Bipolar  Zero-Scale 
Temperature  Coefficient 

TCI 

Bipolar  (Note  2| 

—         —  4 

—        —  4 

ppmFS/°C 

Full-Scale  Gain 
Temperature  Coefficient 

TCIFS 

Excludes  VHEF  (Note  2) 

—         —  S 

—        —  5 

ppmFS/°C 

Differential  Nonllnearlty 
Temperature  Coefficient 

(Note  2) 

-         2  - 

ppmFS/'C 

NOTES: 

1.  See  connection  diagram.  2.  Guaranteed  by  design. 


CONNECTION  DIAGRAM 


MSB  LSS 

•lev  vie  11  n  n  h  n  do  B7  as  bs  bio  bh  bh 


NOTE: 

Set  VLC  =  V+  for  CMOS  logic  Inputs.  Leave  VLC  open  circuit  or  grounded  lor 
TTL  Inputs. 


BURN-IN  CONFIGURATION 


24  23  22  21  20  19  19  17   19  IS  14  13 


♦  I0VO— 
-1BVO— 
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WAFER  TEST  LIMITS  at  V+  = 

5V.  V-  =  -15V,  VREF 

=  10.0000V,  TA=  25°  C, 

unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

PM-562G 
LIMITS 

UNITS 

Nonlinearity 

NL 

±1/2 

LSB 

Differential  Nonlinearity 

□NL 

±1/2 

LSB 

Zero-Scale  Current 

'zs 

All  Bits  OFF 

0.05 

%FS 

Full-Scale  Output  Current  Range 

Ifr 

Iref  =  0.5mA  Unipolar 

-1.6/-2.4 

mA 

Logic  Input  High 

V.h 

ll„=  100nA 

2 

V 

Logic  Input  Low 

V,L 

lIL=-100^A 

0.8 

V 

Positive  Supply  Current 

1+ 

V+  =  4.75  to  15.8V 

18 

mA 

Negative  Supply  Current 

1- 

V-  =  -13.5  to -16.5V 

-25 

mA 

NOTE: 

Electrical  tests  are  performed  at  wafBr  probe  to  the  limits  shown.  Due  to  varitions  In  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  bases  on  dice  lot  qualification  through  sample  lot  assembly  and  tesling. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  atV+  =  5V.  V-  =  -15V.  VREF=  10.0000V.  TA  =  25°  C,  unless  otherwise  noted. 


PM-562G 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

UNITS 

Settling  Time 

is 

to  ±1/2  LSB.  Vo=0V 

1.5 

IIS 

Full-Scale  Gain 
Temperature  Coefficient 

TCIFS 

Excludes  VREF 

5 

ppmFS/'C 

Output  Voltage  Compliance 

Voc 

-1.5/+10 

V 

Output  Resistance 

Ro 

2 

Mn 

Output  Capacitance 

Co 

30 

PF 

Power  Supply  Gain  Sensitivity 

+  Pss 

V+  =  +5Vor+15V 

2 

ppmFS/% 

Power  Supply  Gain  Sensitivity 

-Pss 

V-  =  -15V 

6 

ppmFS/% 
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PM-SB2 12-BIT  MULTIPLYING  CURRENT-OUTPUT  D/A  CONVERTER 


APPLICATIONS  INFORMATION 
B0  EFFECT  ON  ACCURACY 

Tha  D/A  converter  equivalent  circuit  and  output  voltage 
equations  show  thata  low  output  resistance  (R0)can  provide 
a  significant  error  term  due  to  Vos  drift  of  the  output 
amplifier.  Note  that  the  higher  Ro  (2Mfl)  offered  by  the 
PM-562  gives  an  apparent  Vos  drift  that  Is  one-half  as  large 
as  that  resulting  from  the  6.6kn  R0  of  the  standard  ADS62 
when  using  a  10kft  span  resistor  (Rp). 

AVo  =  AI0Rf+AVos 
Since:  A\0  -  AVbs/Ro 
Then:  AV0=  AV0s(Rf/Ro+1) 


LAYOUT  SUGGESTIONS 

Good  layout  practice  appropriate  for  a  12-bit  resolution 
analog  system  provides  the  overriding  guideline.  Power 
supplies  should  have  small  high  frequency  noise  content. 
The  V-  (-15V)  supply  should  be  the  cleanest  since  it  has  the 
most  direct  effect  on  I  out-  The  PM-562  should  have  bypass 
capacitors  on  both  V+  and  V-  supplies.  A  tantulum  or  elec- 
trolytic 1  to  10  micro  Farad  In  parallel  with  a  ceramic  0.01 
micro  Farad  bypass  capacitor  adequately  attenuate  high 
frequency  supply  noise. 

The  ground  line  between  Pin-3  and  Pin-12  should  not  con- 
duct any  other  current  paths.  Placing  the  common  ground 
point  at  Pin-12  provides  good  results.  Pin-9  is  the  most  sensi- 
tive node  to  high  frequency  noise  pickup.  Keep  the  signal 
path  between  Pin-9  and  the  current-to-voltage  converter  (op 
amp  or  resistor)  as  short  as  possible. 

LOGIC  INTERFACING  (TTL  OR  CMOS) 

The  PM-562  digital  inputs  (BIT  1  through  BIT  12)  can  be 
programmed  by  the  VLC  (Pln-2)  for  TTL  or  CMOS  logic  Input 
compatibility. 


For  TTL  input  compatibility  leave  Pln-2  open  circuit  orground 
it  to  Pln-12.  The  logic  threshold  trip  point  stays  at  1 .4V  f  or  V+ 
set  anywhere  from  4.75  to  15.SV. 

For  CMOS  input  compatibility  tie  VLC  (Pin-2)  to  V+.  This 
establishes  the  CMOS  Logic  threshold  trip  point  at  1/2  of  V+. 
Therefore  V+  should  be  set  to  the  same  VDD  voltage  used  by 
the  CMOS  driving  logic. 

MULTIPLYING  MODE 

The  output  current  of  the  PM-562  is  the  product  of  the  refer- 
ence voltage  input  and  the  number  represented  bythedlgital 
input  code  divided  by  4096.  The  reference  voltage  VREF  ,+l 
must  be  positive  with  respect  to  VREF  H.  The  PM-562  typi- 
cally maintains  12-bit  linearity  with  reference  voltages  as 
small  as  one  volt.  Reference  signal  feedthrough  is  typically 
60dB  down  at  10kHz  with  a  digital  Input  of  zero.  The  DAC 
output  typically  takes  20  microseconds  to  settle  to  within  1/2 
LSB  for  a  5  volt  step  on  the  reference  input.  The  small  signal 
bandwidth  for  a  100mVpp  reference  input  signal  is  typically 
65kHz,  and  the  typical  large  signal  bandwidth  for  a  5Vpp 
reference  Input  signal  Is  20kHz. 

UNIPOLAR  OPERATION  (0  to  +10V  OUTPUT) 
Figure  1  shows  the  simplest  unipolar  setup  for  0  to  +10V 
operation.  The  output  should  be  buffered  since  the  output 
resistance  is5kn.  The  digital  input  code  is  complemented  in 
this  configuration.  That  is,  binary  "0"  in  produces  +  10V  full- 
scale  out.  And  all  binary  one's  in  produces  0V  out. 

Figure  2  shows  the  best  configuration  to  achieve  a  0V  to 
10V  output  digital-to-analog  converter.  In  this  configu- 
ration digital  "0"  in  produces  OV  out.  All  one's  in  produces 
10V  out. 

Calibration  of  Figure  2  is  accomplished  by  placing  digital  "0" 
on  all  input  bits  and  adjusting  R1  until  0V  appears  at  V0ut- 
Next  the  span  (or  full-scale)  is  adjusted  by  R2  for  an  output 
voltage  of  9.9976V. 

BIPOLAR  OPERATION  (±10V  OUTPUT) 
The  bipolar  configuration  of  Figure  3  provides  positive  and 
negative  output  voltage  under  control  of  one's  complement 
digital  input  coding.  Calibration  is  accomplished  by  turning 
all  bits  OFF  (digital  zero  input  code)  and  adjusting  trimmer  R1 
for-10.000V  output.  Next  turn  ON  the  MSB  (digital  10000000 
0000  input  code)  and  adjust  R2  for  0.0000V. 

This  circuit  can  easily  be  converted  to  ±5V  output  by  con- 
necting Pin-10  to  the  OP-01  output,  making  the  span  resistor 
5kn. 
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PM-S62 12-BIT  MULTIPLVINQ  CURRENT-OUTPUT  D/A  CONVERTER 


jl^^- """""" ~ ™ ~ 


TTL  DIGITAL  INPUTS 


NOTES: 

1 .  Thl»  simpleconfiguratlon  presents  a  high  output  resistance  ol  SMI 

2.  Calibration  Procedure:  First  tot  digital  inputs  B,  thru  Buto  digital 
zero  and  adjust  R(  until  Vout"  10.0000V.  Next  set  digital  inputs  B, 
thru  B,2  to  digital  one's  and  adjust  R2  until  Vqut  =  0.0000V.  Use  a 


high  input  resistance  DVM  to  calibrate  to  avoid  resistor  divider 
error. 

3.  Bypass  V+  and  V-  supplies  with  O.OIjiF  In  parallel  with  W 
capacitors. 


FIGURE  1:  Unbuffered  Unipolar  0  to  +10V  Output 


NOTE& 

1.  Calibration  Procedure:  First  set  digital  Inputs  B|  thru  Bu to  digital        2.  Bypass  V+  and  V-  supplies  with  O.0VF  In  parallel  with  VF 
zero  and  adjust  R,  until  V0l/T = O.0O0OV.  Next  set  digital  inputs  B1  capacitors, 
thru  B12  to  digital  one's  and  adjust  R2  until  Van"  B-B976V. 


FIGURE  2:  +10V  Unipolar  Voltage  Output 


11-180 


8/87,  Rev.  A1 


PM-562 12-BIT  MULTIPLYING  CURRENT-OUTPUT  D/A  CONVERTER 


-laaoov 


-l— vv\ 


r 


PM-662 

— rr- 


-OVOUT 

I-10V  TO  +10V) 


TTL  DIGITAL  INPUTS 


NOTES: 

1.  Calibration  Procedure:  Set  VREF=  10.0000V.  Next  set  digital  Inputs 
B,  thru  Bi2  to  digital  zero  and  adjust  B,  until  V0UT=- 10.0000V.  Set 
digital  inputs  B,  thru  B,2to  1000  00000000  (I.e.  only  turn  ON  MSB) 


and  adjust  R2  until  V0UT  =  0.OO00V. 
2.  Bypass  V+  and  V-  supplies  with  O.OIpF  In  parallel  with  1pF 
capacitors. 


FIGURE  3:  +  10V  Bipolar  voltage  Output 
PRECISION  X-Y  POSITIONING  SYSTEM 


4-20mA  TRANSMITTER 
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 |pftj|^PM"562 12'BIT  M"LTIPLYING  CURRENT-OUTPUT  D/A  CONVERTER 

DIGITALLY  CONTROLLED  R.F.  OSCILLATOR 


L06CC  ft  CONTROL 
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PM-7224 

8-BIT  CMOS  D/A  CONVERTER 
WITH  VOLTAGE  OUTPUT 


FEATURES 

•  Internal  Output  Amplifier 

•  Double-Buffered  Data  Inputs 

•  Microprocessor  Compatible 

•  Adjustment  Free  (±1/2  LSB  Total  Error) 

•  Guaranteed  Monotonicity 

•  Single  or  Dual  Supply  Operation 

•  Space  Saving  0.3"  Wide  18-Pin  Dip 

•  TTL/5V  CMOS  Compatible 

•  Fast  Data  Load,  tWR  =  90ns  (Ail  Temperatures) 

•  Single  Specification  Table  for  Both  Dual  and  Single  Power 
Supply  Operation 


APPLICATIONS 

•  Process/Industrial  Controls 

•  Automatic  Test  Equipment 

•  Op  Amp  Offset  Adjust 

•  Gain  Adjust 

•  Attenuation, 

•  Medical  Equipment 


CROSS  REFERENCE 


ORDERING  INFORMATION! 


TOTAL 

PACKAGE:  18-PIN 

UNADJUSTED 

MILITARY* 

INDUSTRIAL 

COMMERCIAL 

ERROR 

TEMP 

TEMP 

TEMP 

±1/2  LSB 

PM7224AX 

PM7224EX 

PM7224QP 

±1LSB 

PM7224BX 

PM7224FX 

PM7224HP 

"  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  after 

part  number.  Consult  factory  for  883  data  sheet, 
t  Bum-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip.  ptastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book,  Section  2. 


PMI 

ADI 

TEMPERATURE  RANGE 

PM7224AX 
PM7224BX 

AD7224UO 
A07224T0 

MIL 

PM7224EX 
PM7224FX 

AD7224CQ 
AD7224BQ 

IND 

PM7224GP 
PM7224HP 

AD7224LN 
AD7224KN 

COM 

GENERAL  DESCRIPTION 

The  PM-7224  is  an  improved  version  of  the  AD7224,  which  is  an 
8-bit,  double-buffered,  voltage  output,  CMOS  digital-to-analog 
converter.  It  consists  of  a  CMOS  output  amplifier,  two  8-bit 
registers,  interface  control  logic,  and  an  R-2R  resistor  ladder 
network  on  a  single  monolithic  chip. 

PC  board-space  and  costs  are  greatly  reduced  by  eliminating 
the  need  for  an  external  amplifier  and  associated  trim  circuitry. 
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FUNCTIONAL  BLOCK  DIAGRAM 


MSB 
(••BITO- 
DATA-OUS)  | 

Lsao- 


WACO— 
RESET  O — 


MIT 
INPUT 
REGISTER 


5 


0-BIT 
DAC 
REGISTER 


CONTROL 
LOGIC 


MIT 
OAC 


6 


O 
AGNO 


6 

DOMD 


11-183 


8/87,  Rev.  A1 


PM-7224  8-BIT  CMOS  O/A  CONVERTER  WITH  VOLTAGE  OUTPUT 


Excellent  zero  code  error  Is  achieved  for  both  single  and  dual 
supply  operation  by  laser  trimming  the  offset  during  manufac- 
turing. The  internal  amplifier  can  deliver  up  to  5mA  into  a  2kft 
load  and  can  drive  a  3300pF  capacitive  load. 

A  reset  pin  simplifies  system  power-up  and/or  calibration 
cycles.  It  allows  the  DAC  to  momentarily  be  reset  to  OV  and 
function  like  a  zero-override  when  both  registers  are  trans- 
parent; however,  the  DAC  output  will  remain  at  OV  when  both 
registers  are  latched. 

The  PM-7224  can  be  operated  with  either  a  single  or  dual 
supply;  however,  zero  code  error  can  be  improved  using  dual 
supplies. 

PMI's  advanced  oxide-isolated,  silicon-gate,  CMOS  process 
allows  the  PM-7224's  analog  and  digital  circuitry  to  be  manu- 
factured on  the  same  chip.  This,  coupled  with  PMI's  highly- 
stable  thin-film  R-2R  resistor  ladder,  aids  in  the  PM-7224's 
excellent  full-scale  and  zero-code  error  temperature  coef- 
ficients. It  also  results  in  an  inherently  reliable  DAC  and  output 
amplifier. 

The  PM-7224  is  a  CMOS  monolithic  chip  that  fits  into  a  space 
saving  18-pin,  0.3"  wide,  DIP  package.  With  faster  AC  timing 
and  tighter  single  and  dual  supply  operation  specifications,  it  is 
an  Improved  replacement  for  the  AD7224. 


ABSOLUTE  MAXIMUM  RATINGS  (TA  =  +25°C.  unless 


otherwise  noted) 

VDD  to  AGND  or  DGND   -0.3V, +17V 

Vss  to  AGND  or  DGND  -7V,  VDD 

VuDtoVss  -0.3V, +24V 

AGND  to  DGND  -0.3V,  VDD 

Digital  Input  Voltage  to  DGND  -0.3V,  VDD 

VREF  to  AGND  -0.3V.  VDD 

V0UT  to  AGND  (Note  1)  V^,  VDD 

Power  Dissipation  (any  package)  to  +75°C  450mW 

Derates  above  +75°C  by  6.0mW/°C 

Operating  Temperature 

Military,  AX/BX  -55°C  to  +125°C 

Industrial,  EX/FX  -25°C  to  +85°C 

Commercial,  GP/HP  0°C  to  +70°C 

Dice  Junction  Temperature  +150°C 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)  +300°C 

NOTES: 


1.  Outputs  may  be  shorted  to  AGND  provided  the  package  power  dissipation 
is  not  exceeded.  Typical  output  short  circuit  current  to  AGND  is  50mA. 

2.  The  digital  inputs  are  diode*protected;  however,  permanent  damage  may 
occur  on  unconnected  inputs  from  high-energy  electrostatic  fields.  Keep 
device  in  conductive  foam  at  ail  times  until  ready  for  use. 

3.  Use  proper  anti-static  handling  procedures. 

4.  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  at  or  above  this  specification  is  not  implied.  Exposure  to  above 
maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 


Specifications  apply  for  DUAL  or  SINGLE  SUPPLY,  unless  otherwise  specified. 


ELECTRICAL  CHARACTERISTICS:  DUAL  SUPPLY:  VDD = +11.4V  to  +16.5V;  Vss = -5V  ±10%;  AGND = DGND =0V;  VREF = +2V 
to  (VD0  -  4V);  or  SINGLE  SUPPLY:  V0D  =  +15V  ±5%;  Vgg  =  AGND  =  DGND  =  0V;  VREF  =  +10V;  TA  =  -55°C  to  +125°C  apply  for 
PM-7224AX/BX;  TA = -25°C  to  +85°C  apply  for  PM-7224EX/FX;  TA = 0°C  to  +70°C  apply  for  PM-7224GP/HR  unless  otherwise  noted. 


PM-7224 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

8 

Bits 

Total  Unadjusted  Error 

TUE 

PM-7224A/E/G 

±1/2 

LSB 

(Notel) 

PM-7224B/F/H 

±1 

Relative  Accuracy 

INL 

PM-7224A/E/G 
PM-7224B/F/H 

±1/2 
±1 

LSB 

Differential  Nonlinearity 

DNL 

PM-7224A/E/G 

±1/2 

LSB 

(Note  2) 

PM-7224B/F/H 

±1 

Full  Scale  Error 

6FSE 

PM-7224A/E/G 
PM-7224B/F/H 

±1/2 
±1 

LSB 

Full  Scale 

Temperature  Coefficient 

TCOFS 

±1 

±20 

ppm/*C 

(Note  3) 

DUAL  SUPPLY: 

PM-7224A/E/G 

±S 

mV 

Zero  Code  Error 

PM-7224B/F/H 

±20 

VZSE 

SINGLE  SUPPLY: 

PM-7224A/E/G 

±10 

mV 

PM-7224B/F/H 

±20 

Zero  Code  Error 

Temperature  Coefficient 

TCV^ 

±10 

(■V/'C 

(Note  3) 
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Specifications  apply  for  DUAL  or  SINGLE  SUPPLY,  unless  otherwise  specified. 

ELECTRICAL  CHARACTERISTICS:  DUAL  SUPPLY:  VDD  =  +11.4V  to  +16.5V;  =  -5V±10%;  AGND= DGND  =  OV;  VREF= +2V 
to  (VDD  -  4V);  or  SINGLE  SUPPLY:  VDD  =  +15V  ±5%;  Vss  =  AGND  =  DGND  =  OV;  VHEF  =  +10V;  TA  =  -550C  to  +M5°C  apply  for 
PM-7224AX/BX;  TA = -25°C  to  +85°C  apply  for  PM-7224EX/FX;  TA = 0°C  to  +70°C  apply  for  PM-7224GP/HP,  unless  otherwise  noted. 
(Continued)   


PM-7224 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TVP 

MAX 

UNITS 

REFERENCE  INPUT 

Voltage  Range 
(Note  4) 

DUAL  SUPPLY  ONLY 

2 

<V0D-4) 

V 

Input  Resistance 

S 

kn 

Input  Capacitance 
(Note  3) 

CIN 

Digital  Inputs  =  all  t's 

100 

PF 

DIGITAL  INPUTS 

Digital  Input  High 

V.NH 

2.4 

V 

Digital  Input  Low 

V,NL 

0.8 

V 

Input  Current 

■in 

V,N  =  OVorVOD 

±1 

„A 

Input  Capacitance 
(Note  3) 

S 

pF 

input  Coding 

BINARY 

POWER  SUPPLIES 

Power  Supply 
Rejection  Ratio 

PSRR 

0.005% 

%/% 

Positive  Supply  Current 

TA  =  +2S-C 

4 

mA 

(Note  5) 

'do 

TA  =  Full  Temp  Range 

6 

Negative  Supply  Current 
(Note  5) 

'ss 

DUAL  SUPPLY  ONLY 
TA  =  +25"C 
TA  =  Full  Temp  Range 

3 
5 

mA 

DYNAMIC  PERFORMANCE 

V0UT  Slew  Rate 
(Note  3) 

SR 

2.5 

V/pS 

vout  Settling  Time 

Positive  or  Negative 

<s 

5 

«S 

(Note  3, 6) 

Digital  Feedthrough 
(Note  3) 

Q 

10 

nVs 

Minimum  Load 
Resistance 

RL(MIN) 

Vout  =  +'°V 

2 

kn 

SWITCHING  CHARACTERISTICS  (Note  3) 

Chip  Select/Load 
DAC  Pulse-Width 

tt 

90 

ns 

Write/Reset 

90 

ns 

Pulse-Width 

«2 

Chip  Select/Load 
DAC  to  Write  Setup  Time 

h 

0 

ns 

Chip  Select/Load 
DAC  to  Write  Hold  Time 

u 

0 

ns 

Data  Valid  to 

90 

ns 

Write  Setup  Time 

Data  Valid  to 

v> 

10 

ns 

Write  Hold  Time 

NOTES: 

1.  Includes  Full  Scale  Error.  Relative  Accuracy,  and  Zero  Code  Error.  4.  VD0- 4  volts  is  the  maximum  reference  voltage  lor  the  abovespecifications. 

2.  All  devices  guaranteed  monotonic  over  the  full  operating  temperature         5.  V(N  =  VINL  or  VINH;  outputs  unloaded. 

range.  6.  VREF  =  +10V;  to  where  output  settles  to  1/2  LSB. 

3.  Guaranteed  by  design  and  not  subject  to  production  test. 
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DICE  CHARACTERISTICS 


DIE  SIZE  0.094  X  0.099  inch,  9306  sq.  mils 
(2.39  X  2.52  mm,  6.0  sq.  mm) 


Specifications  apply  for  DUAL  or  SINGLE  SUPPLY,  unless  otherwise  specified. 


WAFER  TEST  LIMITS:  DUAL  SUPPLY:  VDD  = +11.4V  to  +16.5V;  Vss  = 

-5V  ±10%;  AGND  =  DGND  =  0V;  VREF 

=  +2Vto(VDD-4V). 

SINGLE  SUPPLY:  VDD 

=  +15V  ±5%;  Vss  =  AGND  =  DGND  =  0V;  VREF 

=  +10V;  unless  otherwise  noted. 

PM-7224GBC 

PARAMETER 

SYMBOL  CONDITIONS 

LIMIT 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

8 

Bits 

Tolal  Unadjusted  Error 
(Note  1) 

TUE 

±1 

LSB  MAX 

Relative  Accuracy 

INL 

±1 

LSB  MAX 

Differential  Nonlinearily 
(Note  2) 

DNL 

±1 

LSB  MAX 

Full  Scale  Error 

GFSE 

±1 

LSB  MAX 

Zero  Code  Error 

Vzse 

±20 

mV  MAX 

REFERENCE  INPUT 

Voltage  Range 
(Note  3) 

VnEF                   DUAL  SUPPLY  ONLY 

2  to  (VDD  -  4V) 

V 

Reference  Input 
Resistance 

RIN 

8 

kt!MIN 

DIGITAL  INPUTS 

Digital  Inputs  High 

V1NH 

2.4 

V  MIN 

Digital  Inputs  Low 

V,nl 

0.8 

VMAX 

Input  Current 

l,N                     V,N  =  0VorVDD 

±1 

,iA  MAX 

Input  Coding 

BINARY 

POWER  SUPPLIES 

Positive  Supply  Current 
(Note  4) 

4 

mA  MAX 

Negative  Supply  Current 
(Nate  4) 

lss                     DUAL  SUPPLY  ONLY 

3 

mA  MAX 

NOTES: 

1.  Includes  Full  Scale  Error,  Relalive  Accuracy,  and  Zero  Code  Error  3.  VDD- 4  volts  is  the  maximum  reference  vollage  lor  the  above  specifications. 

2.  All  dice  guaranteed  monotonic  over  the  full  operating  temperature  range.  4.  V,N  =  VINL  or  V,NH;  output  unloaded. 


Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed 
for  standard  product  dice  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


RELATIVE  ACCURACY  vs  VREF 
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ZERO  CODE  ERROR 
vs  TEMPERATURE 
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POWER  SUPPLY  CURRENT 
vs  TEMPERATURE 


01 


v0D-*w 
vu  =  -u 

1 

SV 
V 

iSV 

50      75     100  125 


TEMPERATURE  CC> 


11-187 


8/87,  Rev.  A1 


PM-7224  8-BIT  CMOS  D/A  CONVERTER  WITH  VOLTAGE  OUTPUT 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


BURN-IN  CIRCUIT 


PARAMETER  DEFINITIONS 
TOTAL  UNADJUSTED  ERROR 

This  specification  includes  Full-Scale-Error,  Relative  Accuracy, 
and  Zero-Code-Error.  Ideal  full  scale  output  is  VREF  -  1  LSB, 
and  1  LSB  is  VREF  X  [2~"). 

DIGITAL  FEEDTHROUGH 

Digital  feedthrough  are  the  switching  transients  coupled  to  the 
output  of  the  DAC  due  to  a  change  in  digital  input  code.  It  is 
expressed  in  nano-Volt-seconds  and  measured  with  VREF = OV. 

Refer  to  PMI 1986  Data  Book  Section  11  for  additional  digital- 
to-analog  converter  definitions. 


GENERAL  CIRCUIT  DESCRIPTION 
CONVERTER  SECTION 

The  PM-7224  contains  an  output  buffer  amplifier,  a  highly- 
stable,  thin-film,  R-2R  resistor  ladder  network,  8-bit  input  and 
DAC  registers,  and  interface  control  logic.  Also  included  are 
eight  single-pole  double-throw  NMOS  transistor  switches. 
These  transistors  were  designed  to  switch  between  VREF  and 
AGND  and  are  controlled  by  the  digital  input  code. 

A  simplified  circuit  of  the  R-2R  resistor  ladder  and  output  is 
illustrated  in  Figure  1.  The  ladder  is  shown  connected  to  the 
amplifier  in  the  voltage-mode  configuration.  The  advantages 
gained  in  operating  the  ladder  in  the  voltage  mode  are  two-fold: 
it  allows  the  DAC  to  be  operated  with  a  single  supply,  and  the 
ladder  resistance/capacitance  modulation  encountered  in  the 
current  mode  configuration  are  eliminated.  The  modulation 
(caused  by  the  varying  digital  code)  is  now  presented  to  the 
low-impedance  reference  voltage  source  (most  voltage  ref- 
erence output-impedances  are  low  enough  so  that  its  output 
voltage  will  not  be  affected  by  the  varying  digital  code).  The 


FIGURE  1:  Simplified  DAC  Circuit  Configuration.  (Switches  are 
shown  for  all  "1's"  on  the  digital  inputs.) 
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amplifier's  input  terminal  now  "sees"  a  constant  resistance/ 
capacitance  and  thus,  the  output  offset  voltage  modulation  is 
eliminated.  Also,  digital  glitches  fed  through  the  switch  capaci- 
tance to  the  output  will  be  greatly  reduced;  it  will  be  absorbed 
by  the  low  output-impedance  of  the  external  reference  resulting 
in  a  "cleaner"  output  voltage. 

Figure  1  also  shows  the  amplifier  configured  to  operate  as  a 
buffer  amplifier  resulting  in  no  signal  inversion  from  input  to 
output  (VREF  to  V0ut)-  Also,  note  that  analog  ground  (AGND)  is 
accessible  and  can  be  biased  above  digital  ground  (DGND)  for 
some  applications;  more  on  this  in  the  applications  section 
under  AGND  biasing. 

For  proper  operation,  maximum  VREF  should  be  limited  to  VDD 
minus  4  volts.  This  means  that  in  order  to  operate  the  DAC  with 
+10V  at  the  reference  input  terminal,  V0D  must  be  at  least  +14V. 

The  voltage  output  equation  is  given  by: 

V0ut  =  VrefXD/256 

where  D  is  the  digital  input  code  integer  number  that  is  between 
0  and  255. 

BUFFER  AMPLIFIER  SECTION 

The  R-2R  resistor  ladder  network  has  a  typical  resistance  of 
10kfl;  a  100kn  load  would  cause  a  23  LSB  gain  error.  Therefore, 
in  order  to  drive  a  2kfl  load,  the  R-2R  ladder  was  terminated 
with  a  stable  CMOS  buffer  amplifier.  The  amplifier  can  drive  10 
volts  across  a  2kfl  load  delivering  5mA,  and  can  easily  drive  a 
3300pF  capacitive  load.  The  PM-7224's  output  can  also  with- 
stand an  indefinite  short-circuit  to  AGND  to  typically  50mA. 
The  output  may  also  be  shorted  to  any  voltage  between  VDD 
and  Vss;  however,  care  must  be  taken  to  not  exceed  the  device 
maximum  power  dissipation. 

The  amplifier's  output  stage  is  an  intrinsic  NPN  bipolar  tran- 
sistor. It  is  derived  from  the  P~  well  and  the  substrate.  This 
transistor  provides  a  low-impedance  high-output  current  ca- 
pability using  only  a  small  part  of  the  chip  area.  The  emitter  of 
this  NPN  transistor  is  loaded  with  a'  400pA  NMOS  current- 
source  referenced  to  Vss-  This  current  is  sunk  into  the  negative 
supply  allowing  the  amplifier's  output  to  go  directly  to  ground. 

A  simplified  schematic  of  the  output  amplifier  is  shown  in 
Figure  2.  It  shows  the  current-source  connection  between  the 
NPN  output  transistor's  emitter  and  Vss.  Figure  3  depicts  a 
typical  plot  for  the  dual  and  single  supply  current  sink  capability 
of  the  DAC  versus  output  voltage.  Let's  take  a  closer  look  at 
what  happens  to  its  behavior  by  referring  to  Figures  2  and  3. 

It  can  be  seen  that  with  dual  supplies  the  current-source  is  still 
in  its  high  impedance  (saturation)  state  when  the  output 
reaches  0  volts.  This  is  due  to  the  5  volts  (Vss)  across  the 
current-source  that  is  sinking  the  400/iamps.  When  =  0 
volts,  however,  the  current  sink  capability  is  reduced  as  the 
output  voltage  approaches  0  volts;  the  current-source  is  coming 
out  of  its  saturation  region  and  starts  appearing  resistive. 

The  amplifier's  current-limiting  and  buffering  abilities  are 
achieved  with  an  NMOS  transistor  and  a  series  resistor,  see 


Figure  2.  The  transistor  operates  as  a  source  follower  driving 
the  resistor  and  output  transistor. 

The  amplifier's  internal  gain  stages  were  designed  so  that  they 
maintain  sufficient  gain  over  its  common  mode  range;  this 
results  in  good  offset  performance  over  the  specified  voltage 
range.  In  addition,  the  amplifier's  offset  voltage  is  laser-trimmed 
during  the  manufacturing  process;  this  eliminates  offset  trim- 
ming by  the  user  in  most  applications.  The  amplifier's  offset  is 
included  in  the  data  sheet  under  "total  unadjusted  error" 
specification. 

FIGURE  2:  Amplifier  Output  Stage 
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DIGITAL  SECTION 

The  digital  inputs  are  CMOS  inverters.  They  were  designed  to 
convert  TTL  and  5V  CMOS  input  logic  levels  into  CMOS  levels 
to  drive  the  internal  circuitry.  A  simple  internal  5V  regulator  is 
used  to  ensure  the  high  speed  timing  requirements. 
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The  PM-7224's  digital  inputs  are  TTL  and  CMOS  (5V)  com- 
patible between  the  V00  range  of +11.4V  to  +16.5V.  Asshown  in 
Figure4,  these  inputs  are  protected  from  electrostatic-discharge 
and  build-up  with  two  internal  distributed-diodes;  they  are 
connected  between  VDD  and  DGND.  Each  input  has  a  typical 
input  current  of  less  than  1nA. 

Figure  4  also  shows  the  equivalent  logic  circuit  for  the  digital 
data  input  register  structure.  This  circuit  drives  the  DAC 
register.  The  digital  controls  4>  and  4>  shown  are  controlled  by 
the  external  WR,  and  CS  signals. 


FIGURE  4:  Input  Register  Structure 


« 

™c4^j-j->~-<g>- 

IWUT  STATIC  |        ^Cl  INPUT 
PROTECTION  L_  _TXtJ  BUFFER 

LATCH 

DGND 

INTERFACE  CONTROL  LOGIC  SECTION 

Figure  5  shows  the  PM-7224's  input  control  logic  structure  with 
its  input  register  and  DAC  register,  also  shown  is  the  equivalent 
logic  circuitry.  The  WR  signal  is  required  when  loading  data  into 
either  register  and  is  used  in  conjunction  with  either  CS  or 
LDAC.  CS  loads  data  into  the  input  register,  and  LDAC  loads 
data  into  the  DAC  register.  Data  is  latched  in  the  input  register 
on  the  rising  edge  of  the  WR  pulse.  The  DAC's  analog  output 
voltage  is  determined  by  the  data  contained  in  the  DAC  register. 
See  Table  1. 


TABLE  1 


RESET 

LDAC 

WR 

CS 

FUNCTION 

H 

L 

L 

L 

Both  Registers  are  Transparent 

H 

X 

H 

X 

Both  Registers  are  Latched 

H 

H 

X 

H 

Both  Registers  are  Latched 

H 

H 

L 

L 

Input  Register  is  Transparent 

H 

H 

/ 

L 

Input  Register  is  Latched 

H 

L 

L 

H 

DAC  Register  is  Transparent 

H 

L 

I 

H 

DAC  Register  is  Latched 

L 

X 

X 

X 

Both  Registers  Loaded  with  all 
Zeros 

s 

H 

H 

H 

Both  Registers  Loaded  with  all 
Zeros  and  the  Output  Remains 
at  Zero 

I 

L 

L 

L 

Both  Registers  are  Transparent 

(output  follows  the  input) 
H  =  High  State:  L  =  Low  State:  X  =  Don't  Care 

Table  1  shows  that  the  DAC  is  transparent  when  WR,  CS,  and 
LDAC  are  low,  and  the  input  register  is  transparent  when  WR 
and  CS  only  are  low.  Also  shown  is  the  data  being  latched  into 
the  input  register  on  the  rising  edge  of  the  WR  signal. 

Also  provided  with  the  PM-7224  is  a  RESET  pin  as  shown  in 
Figure  5.  A  low  RESET  signal  will  reset  both  registers  to  zero.  If 


the  DAC  is  In  the  transparent  mode,  the  DAC  output  will  go  to  OV 
for  as  long  as  the  reset  line  remains  low.  If  the  DAC  is  in  the 
latched  mode,  the  output  will  go  to  OV  (and  remain  there)  on  the 
rising  edge  of  the  reset  signal. 

Figure  6  shows  the  PM-7224  write  timing  diagram. 
FIGURE  5:  Input  Control  Logic 


INPUT  DATA 


APPLICATIONS  INFORMATION 

POWER  SUPPLY 

The  PM-7224  data  sheet  is  specified  with  a  dual  or  single  power 
supply  condition.  The  dual  supply  specifications  are  specified 
with  a  positive  supply  (VDD)  range  of  +11.4V  to  +16.5V  and  a 
negative  supply  ( Vss)  of  -5V.  The  specified  reference  voltage 
(Vref)  under  these  conditions  range  from  +2V  to  V0d  —  4V.  For 
those  applications  requiring  +10  volts  at  the  output  (VREF  = 
+10V),  V0D  must  be  +14V  minimum  to  meet  data  sheet  limits. 

The  specified  VREF  for  the  single  supply  specifications  is  +10V. 
VREF  voltage  limitation  of  VDD  -  4V  for  dual  or  single  power 
supply  applications  must  be  observed.  This  will  ensure  that  the 
PM-7224's  multiplying  capabilities  are  preserved. 

Although  the  PM-7224  can  operate  well  with  either  a  single  or 
dual  power  supply,  improved  zero-code  error  can  be  achieved 
by  using  dual  supplies. 


FIGURE  6:  Write  Timing  Diagram 


P 


WBMML 


NOTES; 

INPUT  SIGNAL  RISE  AND  FALL  TIMES  ARE  MEASURED  FROM  10%  TO  90%  OF  Vqo 
t„  *  t,  -  20nt  OVER  THE  V„o  RANGE. 
MEASUREMENT  REFERENCE  LEVEL  IS: 

V|KH  *  V1HL 


11-190 


8/87,  Rev.  A1 


PM-7224  8-BIT  CMOS  D/A  CONVERTER  WITH  VOLTAGE  OUTPUT 


DYNAMIC  PERFORMANCE 

The  PM-7224's  settling  time  is  limited  by  the  internal  amplifier's 
slew  rate;  however,  it  sports  an  impressive  settling  time  of  5/is 
using  a  dual  or  single  power  supply.  Settling  time  is  not  affected 
by  the  DAC's  output  voltage  polarity,  positive  or  negative.  The 
PM-7224  also  has  minimum  signal  overshoot  or  ringing. 

AGND  BIASING 

Some  applications  may  require  a  DC  offset  voltage  level  at  the 
DAC's  output.  This  may  be  easily  accomplished  with  the 
PM-7224;  the  desired  DC  offset  voltage  can  be  applied  to  the 
AGND  pin  as  shown  in  Figure  7.  The  DAC's  TTL/CMOS 
compatibility  is  not  affected.  Note  that  VDD  and  V$s  must  be 
referenced  to  DGND. 

The  DAC's  output  voltage  expression  under  this  condition  is: 

Vout  =  AGND  bias  +  VIN  X  D/256 
where  AGND  bias  is  the  voltage  level  above  DGND  and  D  is  the 
digital  input  code  Integer  number  that  is  between  0  and  255. 

FIGURE  7:  AGND  Biasing  Scheme 


MULTIPLYING  OPERATION 

The  PM-7224  has  good  multiplying  capabilities  if  the  reference 
input  signal  level  is  kept  within  +2V  and  Vuo  -  4V,  with  VDo  of 
+16.5  V,  the  maximum  input  signal  level  is  +12.5V;  however,  it  is 
recommended  that  VDo  =  +15V  ±5%  and  the  AC  voltage  swing 
between  +2V  and  V0d  ~  4V.  The  signal  must  be  AC  coupled  and 
biased  up  with  a  voltage  divider  as  shown  in  Figure  8.  A  buffer 
amplifier  should  be  used  to  ensure  that  the  DAC's  VHEF  impe- 
dance does  not  load  the  resistor  divider,  R1  and  R2. 

FIGURE  8:  AC  Signal  Input  Scheme 
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The  VREF  small-signal  frequency  response  (— 3dB  bandwidth) 
for  the  PM-7224  is  typically  1.5MHz.  Its  small-signal  harmonic 
distortion  is  less  than  -57dB  at  1kHz  and  -55dB  at  100kHz. 

+5V  SINGLE  SUPPLY  OPERATION 

Although  a  +5V  performance  specification  table  is  not  listed,  the 
PM-7224  can  operate  well  with  only  a  single  +5V  supply  (see 
Figure  9).  This  will  then  limit  the  reference  input  voltage  level  to  a 
maximum  of +1 V;  the  VDD — 4V  limitation  must  still  be  observed. 

FIGURE  9:  Relative  Accuracy  With  Single  +5V  Operation 
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GENERAL  GROUND  MANAGEMENT 

Digital  transient  voltages  between  AGND  and  DGND  can  appear 
as  noise  at  the  PM-7224's  output.  It  is,  therefore,  recommended 
that  AGND  and  DGND  be  tied  together  at  the  device  socket; 
each  ground  is  then  brought  out  separately  to  their  respective 
common  ground  points.  A  word  of  caution  is  worth  mentioning 
here:  ground  loops  can  be  created  if  both  grounds  are  tied 
together  at  more  than  one  location,  i.e.,  at  the  device  socket  and 
back  at  the  power  supplies,  or  at  any  other  location.  These 
ground  loops  can  cause  noisy  digital  ground  currents  to  flow 
through  the  analog  ground  paths  and  destroy  its  integrity. 
Analog  ground  should  be  maintained  as  a  high  quality  ground. 

If  system  requirements  dictate  the  use  of  one  common  return 
line  for  each  ground,  then  the  DAC  should  be  placed  as  close  to 
the  power  supplies  as  possible.  Also,  for  those  systems  that 
require  both  grounds  be  separated,  two  Schottky  diodes  should 
be  tied  in  inverse  parallel  between  AGND  and  DGND  at  the 
device  socket. 

POWER  SUPPLY  DECOUPLING 

Power  supply  decoupling  capacitors  are  important  to  suppress 
oscillations  and  noise  transients  from  entering  the  system  and 
causing  system  errors.  Noise  transients  are  generated  from 
digital  switching  or  switching  power  supplies;  and  oscillations 
on  the  power  supply  lines  are  caused  by  lead  inductances 
combined  with  stray  capacitance. 

High  and  low  frequency  decoupling  capacitors  at  the  device 
socket  is  strongly  recommended;  a  0.01  /iF  ceramic  in  parallel 
with  a  1  to  10pF  tantalum  decoupling  capacitors  should  be 
used. 
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BASIC  APPLICATIONS 
UNIPOLAR  OPERATION 

Figure  10  shows  the  PM-7224  configured  to  operate  in  the 
unipolar  mode;  the  analog  output  voltage  is  of  a  single  positive 
polarity  only.  Table  2  shows  the  code  for  this  mode  of  operation. 

FIGURE  10:  Unipolar  Operation 


TABLE  2:  Unipolar  Code  Table  (Refer  to  Figure  10) 

DAC  DATA  INPUT 
MSB  LSB 

ANALOG  OUTPUT 

1    1  1 

1 

1  1 

1 

1 

+VREF 

(— ) 
V256/ 

1   0  0 

0 

0  0 

0 

1 

+Vref 

(—) 
\256/ 

1   0  0 

0 

0  0 

0 

0 

+Vref 

/128\  „+VrEf 
V256/  2 

0  1  1 

1 

1  1 

1 

1 

+Vref 

(— ) 
\256/ 

0  0  0 

0 

0  0 

0 

1 

+Vref 

(25ci) 

0  0  0 

0 

0  0 

0 

0 

OV 

It  shows  no  signal  inversion  between  +VREF  and  V0UT.  Also 
note  that  the  analog  output  voltage  is  equal  to  VREF  multiplied 
by  the  digital  input  code,  hence,  multiplying  DAC. 

The  expression  for  1  LSB  and  V0UT  is: 

1  LSB  =  Vref  X  2"8,  or  VREF  X  1/256 

and 

Vout  =  VrefXD/256 
where  D  is  the  digital  input  integer  between  0  and  255. 
BIPOLAR  OPERATION 

Figure  11  illustrates  the  bipolar  mode  of  operation  for  the 
PM-7224.  This  mode  allows  the  output  voltage  to  swing  plus  or 
minus  and  is  determined  by  the  digital  input  code;  see  Table  3 
for  R1  =  R2.  This  configuration  requires  an  external  amplifier 
and  two  resistors. 


The  output  voltage  expression  is  given  by: 

Vout  =  ((1  +  R2/R1)  X  D/256  X  VREF)  -  (R2/R1  X  Vref) 
where  D  is  the  digital  input  code  integer  between  0  and  255.  If 
R1  =  R2,  then  V0ut  becomes: 

Vout  =  (2  X  D/256  -  1)  X  VREF 

To  keep  gain  and  offset  errors  at  a  minimum,  R1  and  R2  should 
be  matched  to  ±0.1  %  and  track  over  the  operating  temperature 
range  of  interest. 

FIGURE  11:  Bipolar  Operation 


9  9 


TABLE  3: 

Bipolar  (Offset 
Figure  11) 

Binary)  Code  Table  (Refer  to 

DAC  DATA  INPUT 
MSB  LSB 

ANALOG  OUTPUT 

1    1  1 

1 

1 

1  1 

1 

10  0 

0 

0 

0  0 

1 

+v»»  (is) 

1   0  0 

0 

0 

0  0 

0 

OV 

0   1  1 

1 

1 

1  1 

1 

_Vref  im) 

0  0  0 

0 

0 

0  0 

1 

0   0  0 

0 

0 

0  0 

0 

-Vref  (^!)  =~Vref 

PROGRAMMABLE  OP  AMP  OFFSET  ADJUST 

The  PM-7224  can  be  used  for  op  amp  offset  trim  adjustments 
under  microprocessor  control.  Offsets  caused  by  temperature 
drifts  can  also  be  trimmed  by  the  microprocessor  during  a 
periodic  calibration  cycle. 

The  PM-7224  uses  the  input  offset  voltage  nulling  pins  normally 
provided  on  most  amplifiers  as  shown  in  Figure  12.  A  fixed  bias 
current  is  provided  to  pin  5  of  the  op  amps  offset  null  pin  with 
R2,  and  R1  (connected  to  the  DAC's  voltage  output  pin) 
provides  the  variable  current  to  pin  1. 
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FIGURE  12:  Op  Amp  Offset  Adjust  (See  Text) 
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For  a  plus  or  minus  (±)  offset  adjust  control,  the  current 
through  R1  must  equal  the  current  through  R2  when  the  PM- 
7224  is  at  half  scale,  binary  code  =  10000000. 

The  resistor  values  R1  and  R2  should  be  chosen  to  give  the 
required  offset  adjustment  range  desired.  Lower  values  provide 
a  larger  range;  however,  resolution  will  be  sacrificed.  Reversing 
the  op  amp  connections,  pin  1  and  S,  will  reverse  the  offset 
adjustment  direction. 

Some  op  amps  are  not  provided  with  offset  adjustment  pins.  In 
these  cases,  the  circuit  configuration  of  Figure  13  can  be  used. 
Again,  the  current  through  resistor  R4  must  equal  the  current 
through  R3  with  the  PM-7224  at  half  scale,  digital  code  = 
10000000.  With  the  circuit  components  shown,  the  maximum 
adjustment  range  is  ±5mV.  Incremental  adjustment  resolution 
is  39fiV  per  bit. 

MICROPROCESSOR  INTERFACING 

Interfacing  the  PM-7224  to  a  microprocessor  is  simplified  by 
virtue  of  its  loading  structure  simplicity.  Data  from  the  processor 
is  loaded  into  the  DAC  by  use  of  only  two  control  lines,  the  write 
strobe  (WR)  and  chip  select  (CS).  The  data  is  then  output  with 


FIGURE  13:  Alternate  Offset  Adjust  (See  Text) 


the  WR  and  LDAC  signal.  Figures  14  through  17  show  various 
popular  microprocessor  interface  configurations. 

FIGURE  14:  PM-7224  to  8085A  Interface  (Only  digital  interface 
portion  of  PM-7224  shown  for  clarity.) 
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FIGURE  15:  PM-7224  to  Z-80  Interface  (Only  digital  interface 
portion  of  PM-7224  shown  for  clarity.) 
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FIGURE  16:  PM-7224  to  6809  Interface  (Only  digital  interface       FIGURE  17:  PM-7224  to  68008  Microprocessor  (Only  digital 
portion  of  PM-7224  shown  for  clarity.)  interface  portion  of  PM-7224  shown  for  clarity.) 
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PM-7226 

QUAD  8-BIT  CMOS  D/A  CONVERTER 
WITH  VOLTAGE  OUTPUT 


FEATURES 

•  Four  Voltage  Output  DACs  on  a  Single  Chip 

•  Microprocessor  Compatible 

•  Adjustment-Free  ±1/2LSB  Total  Error 

•  Guaranteed  Monotoniclty 

•  Single  (+5V  to  +15V)  or  Dual  Supply 

•  Space  Saving  20-Pin  0.3  Inch  DIP 

•  TTL/CMOS  (5V)  Compatible 

•  Single  Specification  Table  for  Both  Dual  and  Single  Power 
Supply  Operation 

•  Fast  Data  Load,  tWR  =  SOns,  All  Temperatures 

APPLICATIONS 

•  Automatic  lest  Equipment 

•  Process/Industrial  Controls 

•  Energy  Controls 

•  Scientific  Instrumentation 

•  Medical  Equipment 

•  Multi-Channel  Microprocessor-Controlled: 

•  Variable  Resistors 

•  System  Calibration 

•  Op  Amp  Offset  and  Gain  Adjust 

GENERAL  DESCRIPTION 

The  PM-7226  contains  four  8-bit  voltage  output  CMOS  digital- 
to-analog  converters  on  a  single  chip.  Also  incorporated  into 
this  chip  are  four  input  latches  and  interface  control  logic. 

The  four  latches  are  under  control  of  one  write  and  two  address 
signals  and  are  fed  from  a  common  8-bit  data  bus.  It  allows  the 
PM-7226  to  be  packaged  into  a  narrow  space-saving  20-pin, 
300-mil  DIR  All  digital  inputs  are  TTL/CMOS  (5V)  compat- 
ible. Also,  each  DACs  input  latch  is  addressable  for  easy 
microprocessor  interface.  The  on-board  output  amplifiers  can 
each  drive  up  to  5mA  from  either  a  single  or  dual  supply. 

The  PM-7226's  compact  size,  low  power,  and  economical  cost- 
per-channel,  make  it  attractive  for  applications  requiring  multi- 

FUNCTIONAL  DIAGRAM 


pie  D/A  converters  without  sacrificing  circuit-board  space.  Sys- 
tem reliability  is  also  increased  due  to  reduced  parts  count. 

PMI's  advanced  oxide-isolated,  silicon-gate,  CMOS  process 
allows  the  PM-7226's  analog  and  digital  circuitry  to  be  manu- 
factured on  the  same  chip.  This,  coupled  with  PMI's  highly- 
stable  thin-film  R-2R  resistor  ladder,  aids  in  matching  and 
temperature  tracking  between  DACs. 

The  PM-7226  is  an  improved  replacement  for  the  AD7226. 
ORDERING  INFORMATION! 


TOTAL 
UNADJUSTED 
ERROR 

PACKAGE:  20-PIN 

MILITARY* 
TEMPERATURE 

INDUSTRIAL 
TEMPERATURE 

COMMERCIAL 
TEMPERATURE 

11/2  LSB 

PM7226AR 

PM7226ER 

PM7226GP 

±1  LSB 

PM7226BR 

PM7226FR 

PM7226HP 

±1  LSB 

PM7226HPCtt 

±1  LSB 

PM7226HStf 

*  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /683  after 

part  number.  Consult  factory  tor  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip.  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book.  Section  2. 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 

contact  your  local  sales  office. 
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PM-7226  QUAD  8-BIT  CMOS  D/A  CONVERTER  WITH  VOLTAGE  OUTPUT 


PIN  CONNECTIONS 


Va/rBfT 
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VburA[T 

33VOUIO 

Vis  [I 

33»M> 

Vtef(T 

aond[T 

13  Al 

DGKt>[T 

w]w5 

0B7(MSB)[7 

mJosoosb) 

DDtfT 

«]  DB1 

DB5[T 

TJ]  DB2 

DM  (To 

JJ]DB3 

20-PIN  HERMETIC  DIP 
(R-Sufflx) 

20-PIN  EPOXY  DIP 
(P-Suffix) 

20-PIN  SOL 
(S-Sulfix) 


VREF  I] 
AONO  7] 
DGNO  ^ 
DB7  <MSB)  7] 
OSS  3 


■nmimEniir 


3  3 
O  O 

>  >  : 


r*1|wl  fill  |i»T7 

a  s 


D»  "DO 

QF  AO 

[w  Al 

(J7  DBOILSBI 


PM-7226HPC 
20-PIN  PLCC 
(PC-Suffix) 


Specifications  apply  for  DUAL  or  SINGLE  SUPPLY,  unless  otherwise  specified. 

ELECTRICAL  CHARACTERISTICS:  DUAL  SUPPLY:  VDD= +11.4V  to +16.SV;  Vss= -SV±10%;  AGND  =  06ND = OV;  VBEF= +2Vto 
(VDD-  4V).  SINGLE  SUPPLY:  VDD= +1SV  ±5%;  VSs= AGND  =  DGND  =  OV;  Vref  =  +10V;  unless  otherwise  specified.  TA= -55°C  to 
+125°C  apply  for  PM-7226AR/BR;  TA  =  -25°C  to  +85°C  apply  for  PM-7226ER/FR;  TA  =  0°C  to  +70°C  apply  for 
PM-7226G P/HP/H PC/HS.  All  specifications  apply  for  DACs  A,  B,  C,  and  D. 


PM-7226 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

■  UNITS 

STATIC  ACCURACY 

Resolution 

N 

8 

Bits 

Total  Unadjusted  Error 

TUE 

PM-7226A/E/G 

±1/2 

LSB 

(Note  1) 

PM-7226B/F/H 

+  1 

Relative  Accuracy 

INL 

PM-7226A/E/G 
PM-7226B/F/H 

±1/2 

±1  ■ 

LSB 

Differential  Nonllneartty 

DNL 

PM-7226A/E/G 

±1/2 

LSB 

(Note  2) 

PM-7226B/F/H 

±1 

Full  Scale  Error 

GFSE 

PM-7226A/E/G 
PM-7226B/F/H 

±1/2 
±1 

LSB 

Full  Scale  Temperature  Coefficient 
(Note  4) 

TCGFS 

t 

±20 

ppm/°C 

DUAL  SUPPLY 

PM-7226A/E/G 

±5 

Zero  Code  Error 

VZSE 

PMr7226B/F/H 

±20 

mV 

SINGLE  SUPPLY 

PM-7226A/E/G 

±10 

PM-7226B/F/H 

±20 

Zero  Code  Error 
Temperature  Coefficient 

TCVZS 

DUAL  SUPPLY  ONLY 

±10 

(iWC 

(Note  4) 

REFERENCE  INPUT 

Voltage  Range  (Note  3) 

2 

(v0D-«v> 

V 

Input  Resistance 

RIN 

2 

ten 

input  Capacitance 

Digital  Inputs  =  all  O's 

65 

pF 

(Note  4) 

Digital  Inputs  =  all  1's 

300 
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PM-722S  QUAD  8-BIT  CMOS  D/A  CONVERTER  WITH  VOLTAGE  OUTPUT 


Specifications  apply  for  DUAL  or  SINGLE  SUPPLY,  unless  otherwise  specified. 

ELECTRICAL  CHARACTERISTICS:  DUALSUPPLY:  VDD = +1 1.4V to + 16.5V;  Vss=-5V±10%;AGND=DGND=0V;VREF=+2Vto 
(VDD-4V).  SINGLE  SUPPLY:  VDD  =  +15V  ±5%;  Vss=  AGND  =  DGND  =  OV;  VREF  = +10V;  unless  otherwise  specified.  TA=  -55°C  to 
+125"C  apply  for  PM-7226AR/BR;  TA  =  -25°C  to  +85°C  apply  for  PM-7226ER/FR;  TA  =  0°C  to  +70°C  apply  for 
PM-7226GP/HP/HPC/HS.  All  specifications  apply  for  DACs  A,  B,  C,  and  D.  (Continued) 


PM-7226 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DIGITAL  INPUTS 

Digital  Inputs  High 

V,NH 

2.4 

V 

Digital  Inputs  Low 

V,NL 

0.B 

V 

Input  Current 

I  IN 

VIN  =  OVorVDD 

+1 

«A 

lnpu\  Capacitance  (Note  4) 

C|N 

8 

pF 

Input  Coding 

BINARY 

POWER  SUPPLIES 

Positive  Supply  Current 
(Note  6) 

'do 

12 

mA 

Negative  Supply  Current 
(Note  6) 

lss 

DUAL  SUPPLY  ONLY 

10 

mA 

DYNAMIC  PERFORMANCE 

V0UT  Slew  Rate  (Note  4) 

SR 

2.S 

W<is 

vout  Settling  Time 

(Positive  or  Negative) 

'. 

5 

lis 

(Notes  4.  S) 

Digital  Crosstalk  (Note  4) 

Q 

10 

nVs 

Minimum  Load  Resistance 

VOUT=+10V 

2 

kit 

SWITCHING  CHARACTERISTICS  (Note  4) 

Address  to  Write  Set-Up  Time 

<AS 

0 

ns 

Address  to  Write  Hold  Time 

<AH 

0 

ns 

Data  Valid  to  Write  Set-Up  Time 

<DS 

90 

ns 

Data  Valid  to  Write  Hold  Time 

'dh 

10 

ns 

Write  Pulse  Width 

*wn 

90 

ns 

NOTES: 

1.  Includes  Full  Scale  Error,  Relative  Accuracy,  and  Zero  Code  Error.  4.  Guaranteed  by  design  and  not  subject  to  production  test. 

2.  All  devices  guaranteed  mono  tonic  over  the  full  operating  temperature         S.  VREF  =  +10V;  to  where  output  settles  to  1/2  LSB. 
range.  6.  V[N  =  VjNL  or  V,NH;  outputs  unloaded. 

3.  Vqq-4  volts  is  the  maximum  reference  voltage  for  the  above  specifications. 
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PM-7226  QUAD  8-BIT  CMOS  D/A  CONVERTER  WITH  VOLTAGE  OUTPUT 


DICE  CHARACTERISTICS 


HIE 


DIE  SIZE:  0.129  x  0.152,  19,608  sq.  mils 
(3.28  mm  X  3.86  mm,  12.65  sq.  mm) 


1.  V 

2.  V 


OUTB 
OUTA 


3-  Vss 

4-  VREF 

5.  AGND 

6.  DGND 

7.  DB7(MSB) 

8.  DB6 

9.  DB5 
10.  DB4 


11.  DB3 

12.  DB2 

13.  DB1 

14.  rjBO(LSB) 

15.  WR 

16.  A1 

17.  AO 

18.  VDD 
19-  V0UTD 
20.  V0UTC 


For  additional  DICE  ordering  Information,  refer 
to  1988  Data  Book,  Section  2. 


Specifications  apply  for  DUAL  or  SINGLE  SUPPLY,  unless  otherwise  specified. 

WAFER  TEST  LIMITS:  DUAL  SUPPLY:  VDD  =+11.4V  to  -M6.5V;  Vss  =  -5Vz10%;  AGND  =  DGND  =  0V;  VREF  =  +2V  to  (VDD- 4V). 
SINGLE  SUPPLY:  VDD  =  +15V  ±5%;  VSs  =  AGND  =  DGND  =  0V;  Vref  =  +10V;  unless  otherwise  specified.  TA  =  +25°C.  All 
specifications  apply  for  DACs  A,  B,  C,  and  D. 


PARAMETER 

SYMBOL 

CONDITIONS 

PM-7226GBC 
LIMIT 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

e 

Bits 

Total  Unadjusted  Error 
(Nolo  1) 

TUE 

11 

LSB  MAX 

Relative  Accuracy 

INL 

±1 

LSB  MAX 

Differential  Nonlinearity 
(Note  2) 

DNL 

11 

LSB  MAX 

Full  Scale  Error 

Gfse 

11 

LSB  MAX 

Zero  Code  Error 

VZSE 

±20 

mV  MAX 

REFERENCE  INPUT 

Voltage  Range  (Note  3) 

Vref 

210  <V0D-4V) 

V 

Input  Resistance 

2 

ktl  MIN 
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PM-722S  QUAD  8-BIT  CMOS  O/A  CONVERTER  WITH  VOLTAGE  OUTPUT 


Specifications  apply  for  DUAL  or  SINGLE  SUPPLY,  unless  otherwise  specified. 

WAFER  TEST  LIMITS:  DUALSUPPLY:  VDD=+11.4Vto  +  16.5V;  Vss=-5V+10%;AGND  =  DGND  =  0V;  VBEF=+2Vto(V0D-4V). 
SINGLE  SUPPLY:  VDD  =  +15V  ±5%;  V8S  =  AGND  =  DGND  =  OV;  VREF  =  +10V;  unless  otherwise  specified.  TA  =  +25°C.  All 
specifications  apply  for  DACs  A,  B,  C,  and  D.  (Continued) 


PM-7226GBC 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

DIGITAL  INPUTS 

Digital  Inputs  High 

V,NH 

2.4 

VMIN 

Digital  Inputs  Low 

V.NL 

0.8 

VMAX 

Input  Current 

'in 

V1N  =  0VorVoo 

+1 

lik  MAX 

Input  Coding 

BINARY 

POWER  SUPPLIES 

Positive  Supply  Current 
(Note  4) 

•do 

12 

mA  MAX 

Negative  Supply  Current 
(Note  4) 

'ss 

DUAL  SUPPLY  ONLY 

10 

mA  MAX 

NOTES: 

1.  Includes  Full  Scale  Error,  Relative  Accuracy,  and  Zero  Code  Error. 

2.  All  dice  guaranteed  monotonic  over  the  full  operating  temperature  range. 

3.  Vqq-4  volts  is  the  maximum  reference  voltage  lor  the  above  specifications. 

4.  V,N  =  V,Nl  =  V,NH:  outputs  unloaded. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methodsand  normal  yield  loss,  yield  after  packaging  is  not  guaranteed 
for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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PM-7226  QUAD  8-BIT  CMOS  D/A  CONVERTER  WITH  VOLTAQE  OUTPUT 


ABSOLUTE  MAXIMUM  RATINGS  (TA  =  +25°C,  unless 
otherwise  noted) 

VDD  to  AGND  or  DGND  -0.3V,  +17V 

Vgs'o  AGND  or  DGND   -7V.  VDD 

VDDtoVss  -0.3V,  +24V 

AGND  to  DGND  -0.3V,  VDd 

Digital  Input  Voltage  to  DGND  -0.3V,  VDd 

Vref  to  AGND  -0.3V.  VDD 

Voirrto  AGND  (Note  1)   Vss>Vdd 

Power  Dissipation  (Any  Package)  to  +75°C  SOOmW 

Derates  above  +75°C  6.6mW/°C 

Operating  Temperature 

Military,  AR/BR  -55°C  to  +125°C 

Industrial,  ER/FR  -25°C  to  +85°C 

Commercial,  GP/HP/HPC/HS  0°C  to  +70°C 


Dice  Junction  Temperature  +150°C 

Storage  Temperature  .'. . .  -65°C  to  +150°C 

Lead  Temperature  (Soldering.  10  sec)   +300°C 

NOTES: 

1.  Outputs  may  be  shorted  to  any  terminal  provided  the  package  power 
dissipation  is  not  exceeded,  typical  output  short  circuitcurrentto  AGND  is 
50mA. 

2.  The  digital  inputs  are  diode-protected;  however,  permanent  damage  may 
occur  on  unconnected  inputs  from  high-energy  electrostatic  fields.  Keep 
device  in  conductive  loam  at  all  times  until  ready  for  use. 

3.  Use  proper  anti-static  handling  procedures. 

4.  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  at  or  above  this  specification  is  not  Implied.  Exposure  to  above 
maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 
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PM-7226  QUAD  B-BIT  CMOS  D/A  CONVERTER  WITH  VOLTAGE  OUTPUT 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


CHANNEL-TO-CHANNEL 
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(DACs  A,  B,  C,  D 
SUPERIMPOSED) 


100 

an 


-DM 

•on 


— I  r 

v00--isv 

-Vjj  i  -bV 

«KE 
I.  -  -!i-C 


an 


m  m  Hg  ss  33  35  «w 


0       32      64       96     128     160    192     224  256 
DIGITAL  INPUT  CODE  {DECIMALI 


DIFFERENTIAL  NONLINEARITY 
vs  VREF 


a 


Vnn  -  '15V 


0         2         4  6         6        10        12  U 

VREF  IVQLTSI 


RELATIVE  ACCURACY 
vs  CODE  AT 
TA  =  -55°C,  +25°C,  +125°C 
(ALL  SUPERIMPOSED) 


•s 

— 

lav 

1        1        I         1  1 

0       32      64      96     128     160     192    224  266 
DIGITAL  INPUT  CODE  I  DECIMAL! 


ZERO  CODE  ERROR 
vs  TEMPERATURE 


RELATIVE  ACCURACY  vs  VB£F 


Vm'  -IV 

T*  1 

k 

■  



W 

,  (5 -■: 

10  12 


POWER  SUPPLY  CURRENT 
vs  TEMPERATURE 


-is    o    2S    m  ts 

ti»PE«tU«  I  CI 


1/5 

aC 

i 

> 

2 
O 
U 

o 
o 

< 
z 
< 

I 

O 
H 
—i 

eS 
o 
5 


OUTPUT  VOLTAGE  NOISE 
DENSITY  (ej  vs  FREQUENCY 


1  10  100  Ik  10, 


BROADBAND  NOISE 


TIME  (lmi/OIVI 


11-201 


10/87,  Rev.  B1 


-Ipmi> 


PM-7328  QUAD  8-BIT  CMOS  D/A  CONVERTER  WITH  VOLTAGE  OUTPUT 


PARAMETER  DEFINITIONS 
TOTAL  UNADJUSTED  ERROR 

This  specification  includes  Full-Scale-Error.  Relative  Accuracy, 
and  Zero-Code-Error.  Ideal  full  scale  output  is  VREF  -  1  LSB, 
andl  LSB  is  VREFx  (2""). 

DIGITAL  CROSSTALK 

Digital  Crosstalk  is  the  signal  coupled  to  the  output  of  one  DAC 
due  to  a  change  in  digital  input  code  from  other  DACs.  It  is 
specified  in  nano-Volt-seconds  and  measured  with  \lneF  =  OV. 

Refer  to  PMI 1988  Data  Book,  Section  11  for  additional  digital- 
to-analog  converter  definitions. 


GENERAL  CIRCUIT  DESCRIPTION 
CONVERTER  SECTION 

The  PM-7226  contains  four  output  amplifiers,  four  highly- 
stable,  thin-film,  R-2R  resistor  ladder  networks',  four  input  data 
latches,  and  interface  control  logic.  Also  included  are  thirty-two 
NMOS  single-pole,  double-throw  switches.  These  switches 
select  either  VREF  or  AGND  and  are  controlled  by  the  digital 
input  code. 

Figure  1  shows  a  simplified  circuit  for  the  R-2R  ladder  network. 
It  is  shown  employed  in  the  voltage  mode  configuration  and 
connected  to  an  amplifier.  The  advantages  gained  In  operating 
the  ladder  in  the  voltage  mode  are  two-fold:  it  allows  the  DAC  to 
be  operated  with  a  single  supply,  and  the  ladder  resistance/ 
capacitance  modulation  encountered  in  the  current  mode 
configuration  are  eliminated.  The  modulation  (caused  by  the 
varying  digital  code)  is  now  presented"  to  the  low-impedance 
reference  voltage  source  (most  voltage  reference  output- 
impedances  are  low  enough  so  that  its  output  voltage  will  not 
be  affected  by  the  varying  digital  code).  The  amplifier's  input 
terminal  now  "sees"  a  constant  resistance/capacitance,  thus 


FIGURE  1:  Simplified  circuit  configuration  for  one  DAC. 

(Switches  are  shown  for  all  "1's"  on  the  digital 
inputs.) 


the  output  offset  voltage  modulation  is  eliminated.  Also,  digital 
glitches  will  not  feed  through  the  switch  capacitance  to  the 
output;  instead,  it  will  be  absorbed  by  the  low  output-impedance 
of  the  external  reference  source,  thus,  resulting  in  a  "cleaner" 
output  voltage. 

Note  in  Figure  1  that  the  amplifier  is  configured  to  operate  as  a 
buffer  amplifier,  and  so,  no  signal  inversion  takes  place  from 
input  to  output  (Vref  to  V0ut)-  Also  note  that  analog  ground 
(AGND)  is  accessible  and  can  be  biased  above  digital  ground 
(DGND)  for  some  applications;  more  on  this  in  the  applications 
section  on  Page  11  under  AGND  biasing. 

For  proper  operation,  Vref  maximum  should  be  limited  to  Vdd 
minus  4  volts.  This  means  that  in  order  to  operate  the  DAC  with 
+10V  at  the  reference  input  terminal,  VDDmust  be  at  least +14V. 

The  PM-7226's  reference  input  terminal  is  common  to  the  four 
DACs.  This  puts  each  R-2R  ladder  resistance  in  parallel  and  its 
resistance  can  range  from  2k  f!  to  infinity;  the  value  depends  on 
the  digital  input  code.  The  capacitance  at  this  node  also  varies 
from  65pF  to  300pF,  and  is  code  dependent. 

The  voltage  output  equation  for  each  DAC  is  given  by: 

Vout=VrEfXD/256 

where  D  is  the  digital  input  code  integer  number  that  is  between 
0  and  255. 

BUFFER  AMPLIFIER  SECTION 

Each  R-2R  resistor  ladder  network  has  a  typical  resistance  of 
10kfl;  a  100kn  load  would  cause  the  gain  error  to  rise  to  23  LSB. 
Therefore,  in  order  to  drive  a  2kn  load,  the  R-2R  ladder  was 
buffered  with  a  stable  CMOS  amplifier  configured  to  operate  in 
the  unity  gain  mode.  The  amplifier  can  drive  10  volts  across  a 
2kfi  load  delivering  5mA,  and  can  easily  drive  a  3300pF 
capacitive  load.  The  PM-7226's  output  can  also  withstand  an 
indefinite  short-circuit  to  AGND  (typical  short-circuit  current  to 
AGND  is  50  mA).  The  output  may  also  be  shorted  to  any  voltage 
between  VDD  and  Vss;  however,  care  must  be  taken  to  not 
exceed  the  device  maximum  power  dissipation. 

FIGURE  2:  Amplifier  Output  Stage 
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PM-7226  QUAD  8-BIT  CMOS  D/A  CONVERTER  WITH  VOLTAGE  OUTPUT 


The  amplifier's  output  stage  uses  an  intrinsic  NPN  bipolar 
transistor.  This  transistor  provides  a  low-impedance,  high- 
output  current  capability  using  a  small  part  of  the  chip  area.  The 
transistor  is  derived  from  the  P~  well  and  the  substrate.  The 
emitter  of  this  NPN  transistor  is  loaded  with  a  450>A  NMOS 
current-source  referenced  to  Vss.  This  allows  450/iA  to  be  sunk 
to  the  negative  supply  allowing  the  amplifier's  output  to  go 
directly  to  ground. 

A  simplified  circuit  of  the  output  amplifier  is  shown  in  Figure  2. 
Note  how  the  current-source  is  connected  between  the  parasitic 
NPN  output  transistor's  emitter  and  Vss-  Figure  3  shows  a 
typical  plot  of  the  DAC's  current  sink  capability  versus  output 
voltage;  note  that  it  is  for  a  dual  and  single  supply  operation. 
Lefs  take  a  closer  look  at  what  happens  to  its  behavior  by 
referring  to  Figure  3. 

FIGURE  3:  DAC  Output  Current  Sink 
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With  a  dual  supply,  the  current-source  is  still  in  its  high 
impedance  (saturation)  state  when  the  output  is  at  0  volts.  This 
is  possible  because  5  volts  (Vss)  is  across  the  current-source 
and  is  sinking  450>amps.  When  Vss  =  0  volts,  however,  the 
current  sink  capability  is  reduced  as  the  output  voltage 
approaches  0  volts;  the  current-source  is  coming  out  of  its 
saturation  region  and  starts  appearing  resistive. 

The  amplifier's  current-limiting  and  buffering  abilities  are 
achieved  by  using  an  NMOS  transistor  and  a  series  resistor.  The 
transistor  is  configured  as  a  source  follower  and  is  driving  the 
resistor  and  NPN  output  transistor.  This  is  also  shown  in  Figure 
2. 

The  amplifier's  internal  gain  stages  were  designed  so  that  they 
maintain  good  gain  over  its  common  mode  range;  the  objective 
was  to  maintain  good  offset  performance  over  the  specified 
voltage  range.  The  amplifiers  offset  voltage  is  laser-trimmed 
during  the  manufacturing  process;  this  eliminates  offset 
trimming  by  the  user  in  most  applications.  The  effect  of 
amplifier  offset  is  included  in  the  data  sheet  under  "total 
unadjusted  error"  specification. 


DIGITAL  SECTION 

The  digital  inputs  are  CMOS  inverters.  They  were  designed 
such  that  TTL  and  CMOS  (5V)  input  levels  are  converted  into 
internal  CMOS  logic  levels;  they  are  used  to  drive  the  internal 
circuitry.  A  simple  5V  regulator  is  used  to  ensure  the  high  speed 
timing. 

The  PM-7226's  digital  inputs  are  TTL  and  CMOS  (5V)  compatible 
between  the  VDD  range  of  +11.4V  to  +16.5V.  The  inputs  are 
protected  from  electrostatic-discharge  and  build-up  with  two 
internal  distributed-diodes;  they  are  connected  from  VDD  and 
DGND  to  each  CMOS  input  gate.  Each  input  has  a  typical  input 
current  of  less  than  1  nA.  A  simplified  input  protection  scheme  is 
shown  in  Figure  4. 

FIGURE  4:  One  Digital  Input  Structure 
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Figure  4  also  shows  an  equivalent  logic  circuit  for  one  digital 
input  structure.  This  logic  circuit  drives  the  ladder  switches 
shown  in  Figure  5,  they  also  drive  the  control  logic  circuitry.  The 
digital  controls  8  and  6  shown  are  internally  generated  from  the 
external  WR,  A1,  and  AO  signals.  The  logic  combination  of  AO 
and  A1  decide  which  DAC  is  selected. 

FIGURE  S:  Simplified  N-Channel  Voltage  Steering  Switches 
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INTERFACE  CONTROL  LOGIC  SECTION 

Figure  6  shows  the  PM-7226's  input  control  logic,  and  Table  1 
the  DAC  control  table.  The  address  lines  AO  and  A1  determines 
which  DAC  will  accept  the  input  data.  The  WR  input  determines 
whether  the  selected  DAC  is  transparent  (output  follows  the 
input),  latched,  or  no  operation. 

FIGURE  6:  Input  Control  Logic 


FIGURE  7:  Write  Cycle  Timing  Diagram 


O1 


TABLE  1:  DAC  Control  Table 


LOGIC  CONTROL 


PM-7226 


WR 

A1 

AO 

OPERATION 

H 

X 

X 

No  Operation 
Device  Not  Selected 

L 

L 

L 

DAC  A  Transparent 

s 

L 

L 

DAC  A  Latched 

L 

L 

H 

DAC  B  Transparent 

I 

L 

H 

DAC  B  Latched 

L 

H 

L 

DAC  C  Transparent 

I 

H 

L 

DAC  C  Latched 

L 

H 

H 

DAC  D  Transparent 

I 

H 

H 

DAC  D  Latched 

L  =  Low  State,  H 

=  High  State,  X 

=  Don't  Care 

Figure  7  shows  the  PM-7226's  write  timing  diagram.  It  shows 
that  the  selected  DAC  is  transparent  when  the  WR  signal  is  low. 
Some  bus  systems  do  not  always  have  data  valid  for  the  entire 
period  during  which  the  WR  signal  is  low.  This  allows  invalid 
data  to  briefly  appear  at  the  DAC's  digital  inputs  and  cause 
unwanted  glitches  at  the  output.  Retiming  the  write  pulse  (WR) 
so  that  it  only  occurs  when  data  is  valid  will  eliminate  this 
problem. 
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1.  All  INPUT  SIGNAL  RISE  AND  FALL  TIMES  ARE  MEASURED 
FROM  THE  10%  TO  90%  OF  Vnn-  20m  OVER  THE 
VDD  RANGE! 

2.  TIMING  REFERENCE  LEVEL  IS  FROM: 
VINH  «  VINL 


APPLICATIONS  INFORMATION 
POWER  SUPPLY 

The  PM-7226  data  sheet  is  specified  with  a  dual  and  single 
power  supply  conditions.  The  dual  supply  specifications  are 
specified  with  a  positive  supply  (VDD)  range  of  +11.4V  to 
+16.5V,  and  a  negative  supply  (Vgs)  of  -5V.  The  specified 
reference  voltage  (VREF)  under  these  conditions  range  from 
+2V  to  Vdd  -  4V.  For  those  applications  requiring  +10  volts  at 
the  output  (VREf = +10V),  VdD  must  be  +14V  minimum  to  meet 
data  sheet  limits. 

The  specified  VREF  for  the  single  supply  specifications  is  +10V. 
The  VREF  voltage  range  for  both  dual  and  single  power  supply 
applications  must  be  observed  if  the  PM-7226's  multiplying 
capabilities  are  to  be  preserved. 

Although  the  PM-7226  can  operate  with  either  a  single  or  dual 
power  supply,  improved  zero-code  error  can  be  obtained  by 
using  dual  supplies. 

DYNAMIC  PERFORMANCE 

The  PM-7226's  settling  time  is  limited  by  the  internal  amplifier's 
slew-rate  as  shown  in  Figure  8.  Depicted  is  the  dynamic 
response  for  a  positive  full-scale  output  voltage  swing.  Figure  9 
shows  the  expanded  view  with  no  evidence  of  signal  overshoot 
or  ringing;,  note  that  the  typical  settling  time  is  1.85p8.  An 
expanded  view  of  the  negative  full-scale  output  voltage  swing  is 
shown  in  Figure  10.  It  also  shows  overshoot  or  ringing  at  a 
minimum,  and  the  typical  settling  time  is  1.9ps. 

A  special  test  fixture  was  used  for  the  photographs  of  Figures  9 
and  10.  The  10V swing  would  have  overloaded  theoscilloscope's 
input  resulting  in  erroneous  indications. 
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FIGURE  8:  Dynamic  Response 


FIGURE  11:  AGND  Biasing  Scheme 
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FIGURE  9:  Positive  Swing  Settling  Time  (1.85^s) 
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FIGURE  12:  Relative  Accuracy  vs  VREF 
(AGND  =  OV,  +2V,  +5V) 


FIGURE  10:  Negative  Swing  Settling  Time  (1.9/as) 


AGND  BIASING 

Some  applications  may  require  the  DAC's  output  voltage  level 
to  be  oHset  above  ground.  This  is  easily  accomplished  with  the 
PM-7226;  (he  desired  DC  offset  voltage  can  be  applied  to  the 
AGND  pin.  Raising  AGND  above  DGND  affects  all  four  DACs 
because  AGND  is  common  to  them.  The  digital  input  voltage 
levels  are  not  affected.  Figure  11  shows  the  circuit  configuration 
and  Figure  12  shows  the  relative  accuracy  with  AGND  biased  at 


U  i  1 

DP  ■ 

DJfl 

037 

Ul 

o.» 

■  OV 

ox 

■-■v 

|  H 

-  ■  J  ■ 

0.12 

■v  M 

n' 

'''J 

■ 

1 

00* 

■•■■< 

-ov 

■  i 

s  n 

1 

V„EF  IVDLTSj 


OV,  +2V,  and  +5V.  The  graph  shows  both  a  dual  and  single 
supply  operation  with  VDD  at  +15V.  It  is  important  to  remember 
that  other  parameters  degrade  more  pronouncely  than  relative 
accuracy.  Note,  VDD  and  Vss  must  be  referenced  to  DGND. 

The  DAC's  output  voltage  expression  under  this  condition  is: 

Vout  =  AGND  bias  +  V,N  X  D/256 
where  AGND  bias  is  the  voltage  level  above  DGND  and  D  is  the 
digital  input  code  integer  number  that  is  between  0  and  255. 

MULTIPLYING  OPERATION 

Good  multiplying  capabilities  are  realized  with  the  PM-7226  if 
the  reference  signal  level  is  kept  within  +2V  and  VDd  —  4V.  The 
maximum  input  signal  level  is  +12.5V  for  a  VDD  supply  voltage 
of  +  16.5V;  however,  it  is  recommended  that  VDD  =  +15V  ±  5% 
and  the  AC  voltage  swing  between  +2V  and  +11V.  The  signal 
must  be  AC  coupled  and  biased  up  with  a  voltage  divider  as 
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FIGURE  13:  AC  Signal  Input  Scheme 
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shown  in  Figure  13.  A  buffer  amplifier  should  be  used  to  ensure 
that  the  DAC's  VREF  impedance  (remember,  the  R-2R  ladder 
input  resistance  varies  from  2kfl  to  infinity)  does  not  load  the 
resistor  divider. 

The  Vref  small-signal  frequency  response  (-3dB  bandwidth) 
for  the  PM-7226  is  typically  1.5  MHz.  Its  small-signal  harmonic 
distortion  is  less  than  -57dB  at  1kHz  and  -55dB  at  100kHz. 

+5V  SINGLE  SUPPLY  OPERATION 

Although  a  +5V  performance  specification  table  is  not  listed, 
the  PM-7226  can  operate  well  with  only  a  single  +5V  supply  (see 
Figure  14).  All  performance  parameters  are  degraded;  however, 
DNL  remains  within  the  specified  ±1  LSB  ensuring  monotonic 
operation. 

Using  the  PM-7226  with  a  single  +5V  supply  will  limit  the 
reference  input  voltage  level  to  a  maximum  of  +1 V.  The  VDd- 
4V  limitation  must  still  be  observed. 

FIGURE  14:  Relative  Accuracy  with  Single  +5V  Operation 
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GENERAL  GROUND  MANAGEMENT 

Ground  management  implies  the  placement  of  a  system's 
analog  and  digital  ground  currents.  Analog  and  digital  ground 
returns  are  a  source  of  system  errors  and  must  be  addressed. 
Remember,  the  analog  signal  is  only  as  good  as  the  integrity  of 
its  analog  ground. 

Different  ground  management  techniques  are  used  depending 
on  the  size  and  type  of  overall  system.  Proper  grounding 
techniques  require  tying  the  analog  and  digital  grounds  together 
at  the  DAC's  socket,  and  each  ground  return  line  be  brought  out 
separately  to  their  respective  power  supply  grounds.  Tying  the 
grounds  together  at  the  device  socket  and  at  the  power 
supplies,  or  at  more  than  one  location,  can  create  ground  loops. 
This  causes  noisy  digital  ground  currents  to  flow  through  the 
analog  ground  paths  destroying  the  analog's  ground  integrity. 
Voltage  differences  of  millivolts  (and  hundreds  of  millivolts  in 
some  systems)  can  be  found  in  these  ground  paths. 

Other  sources  of  system  errors  can  be  introduced  by  the 
product  of  ground  noise  currents  and  ground  bus  impedances. 
Using  large  conductors  or  ground  planes  between  the  converter 
and  power  supplies  will  minimize  the  ground  Impedances  and 
thus,  reduce  system  errors. 

If  system  requirements  dictate  the  use  of  common  return  lines 
to  the  power  supplies  for  both  the  analog  and  digital  grounds, 
the  converter  should  then  be  placed  as  close  to  the  power 
supplies  as  possible. 

POWER  SUPPLY  DECOUPLING 

Power  supply  decoupling  capacitors  are  important  to  suppress 
oscillations  and  noise  transients  from  entering  the  system. 
Noise  transients  are  generated  from  digital  switching  or  switch- 
ing power  supplies;  and  oscillations  on  the  power  supply  lines 
are  caused  by  lead  inductances  combined  with  stray  capaci- 
tance. These  transients  and  oscillations  can  also  cause  system 
errors. 

Bypassing  the  PM-7226  at  the  socket  with  only  high  frequency 
decoupling  capacitors  may  not  remove  these  oscillations.  An 
LC  tank  circuit  can  be  formed  by  the  stray  power  lead 
inductance  and  capacitance.  These  reactive  components  can 
allow  oscillations  to  occur  during  a  digital  current  step.  It  is 
necessary,  then,  to  remove  or  lower  the  tank's  resonant 
frequency.  The  easiest  method  Is  to  parallel  the  high  frequency 
decoupling  capacitor  with  a  low  frequency  capacitor. 

The  high  frequency  decoupling  capacitors  should  be  ceramic 
and  in  the  range  of  0.01 /iF;  the  low  frequency  decoupling 
capacitors  should  be  tantalum  and  between  1  to  10pF  as  close 
as  possible  to  the  device  socket. 

BASIC  APPLICATIONS 
UNIPOLAR  OPERATION 

Figure  15  shows  the  PM-7226  configured  in  the  unipolar  mode 
of  operation;  the  analog  output  voltage  Is  of  a  single  positive 
polarity  only.  Table  2  shows  the  code  for  this  mode  of  operation. 
The  table  shows  that  there  is  no  signal  inversion  between 
+VREFand  Vqut-  Note  that  the  analog  output  voltage  is  equal  to 
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VREF  multiplied  by  the  digital  input  code  (hence,  multiplying 
DAC). 

The  expression  for  1  LSB  and  V0UT  is: 

1  LSB  =  VREF  X  2^,  or  VREF  X 1/256 

and 

Vout  =  VrEfX  0/256, 
where  D  is  the  digital  input  integer  between  0  and  255. 

FIGURE  15:  Unipolar  Operation 
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TABLE  2:  Unipolar  Code  Table  (Refer  to  Figure  15) 

DAC  DATA  INPUT 

MSB 

LSB 

ANALOG  OUTPUT 
(DACA,B,C,orD) 

1111 

1  1  1 

1 

+Vref 

(— \ 
USB! 

10   0  0 

0    0  0 

1 

+Vref 

\2S6) 

10   0  0 

0   0  0 

0 

+Vref 

/128\  +VREF 
1256/  2 

0  111 

1  1  1 

1 

+VREF 

(—) 
\2S6/ 

0   0   0  0 

0    0  0 

1 

+Vref 

1256) 

0   0    0  0 

0    0  0 

0 

OV 

BIPOLAR  OPERATION 

Figure  16  illustrates  the  PM-7226  in  the  bipolar  mode  of 
operation.  This  mode  allows  the  output  voltage  to  swing  plus  or 
minus  and  is  determined  by  the  digital  input  code;  this  can  be 
seen  in  Table  3.  This  configuration  requires  an  external  amplifier 
and  two  resistors  for  each  channel  requiring  bipolar  operation. 


The  output  voltage  expression  is  given  by: 

Vout  =  ((1  +  R2/R1)  X  D/256  X  VREF)  -  (R2/R1  X  VREF) 
where  D  is  the  digital  input  code  integer  between  0  and  255. 
If  R1  =  R2,  then  Vqut  becomes: 

Vout  -  (2  X  D/256  - 1)  X  VREF 

To  keep  gain  and  offset  errors  at  a  minimum,  R1  and  R2  should 
be  matched  to  ±0.1%  and  track  over  the  operating  temperature 
range  of  interest. 

TABLE  3:  Bipolar  (Offset  Binary)  Code  Table  (Refer  to  Figure  16) 


DAC  DATA  INPUT 
MSB  LSB 


ANALOG  OUTPUT 
(DAC  A,  B,  C,  or  D) 


11111111 


—  (1) 


1    0   0   0   0   0   0  1 


+Mi5b) 


1    0   0   0   0   0   0  0 


OV 


0  1111111 


-Vref  (g) 


0   0   0   0   0   0   0  1 


-v, 


REF 


V128/ 


00000000 


FIGURE  16:  Bipolar  Operation 
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FIGURE  17:  High  Compliance,  Digitally-Controlled,  Current  Source 
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HIGH-COMPLIANCE  BIPOLAR  PRECISION  CURRENT- 
SOURCE 

Figure  17  shows  the  PM-7226  controlling  a  high-compliance, 
bipolar  precision  current-source  using  PMI's  AMP-05  instru- 
mentation amplifier.  The  AMP-05's  reference  and  sense  pins 
become  differential  inputs,  and  the  "old"  inputs  now  monitor 
the  voltage  across  a  precision  current-sense  resistor.  Res  in 
Figure  17.  Voltage  gain  is  set  at  unity,  so  the  transfer  function  is 
simply:  I0ut  =  (Vouta  ~  VoutbKRcS'  Using  a  'OOfl  resistor  for 
Res  limits  the  output  current  to  ±10mA  with  a  ±1 V  input. 

Potentiometer  R1  trims  the  output  current  to  zero  with  the  two 
inputs  at  OV.  Fine  gain  adjustment  may  be  accomplished  by 
trimming  R2  or  R3. 

PROGRAMMABLE  OP  AMP  OFFSET  ADJUST 

The  PM-7226  can  be  used  for  op  amp  offset  trimming  adjust- 
ments under  microprocessor  control.  Offsets  caused  by 
temperature  drifts  can  be  trimmed  by  the  microprocessor 
during  a  periodic  calibration  cycle. 

The  PM-7226  uses  the  input  offset  voltage  nulling  pins  normally 
provided  on  most  amplifiers  asshown  in  Figure  18.  A  fixed  bias 
current  is  provided  to  pin  5  of  the  op  amps  offset  null  pin  with 
R2,  and  R1  (connected  to  the  DAC's  voltage  output  pin) 
provides  the  variable  current  to  pin  1. 


FIGURE  18:  OP  AMP  Offset  Adjust  (See  Text) 
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FIGURE  19:  Alternate  Offset  Adjust  (See  Text) 
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In  order  to  have  a  plus  or  minus  (±)  offset  adjust  control,  the 
current  through  R1  must  equal  the  current  through  R2  when  the 
PM-7226  Is  at  half  scale,  binary  code  =  10000000. 

The  resistor  values  (R1,  R2)  should  be  chosen  to  give  the 
required  offset  adjustment  range  desired.  Lower  values  provide 
a  larger  range;  however,  resolution  will  be  sacrificed.  Reversing 
connections  at  pins  1  and  5  (of  the  op  amp)  will  reverse  the 
offset  adjustment  direction. 

Some  op  amps  are  not  provided  with  offset  adjustment  pins,  in 
these  cases,  the  circuit  configuration  of  Figure  19  can  be  used, 
Again,  the  current  through  resistor  R4  must  equal  the  current 
through  R3  with  the  PM-7226  at  half  scale,  digital  code  = 


10000000.  With  the  circuit  components  shown,  the  maximum 
adjustment  range  is  ±5mV.  Incremental  adjustment  resolution 
is  39/iV  per  bit. 

STAIRCASE  WINDOW  COMPARATOR 

Many  applications  need  to  determine  whether  voltage  levels  are 
within  predetermined  limits.  Some  requirements  are  for  non- 
overlapping  windows  and  others  for  overlapping  windows. 
Both  circuit  configurations  are  shown  in  Figures  20  and  21, 
respectively. 

The  non-overlapping  circuit  uses  one  PM-7226  and  ten  com- 
parators; this  allows  for  five  voltage  windows.  These  windows 
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FIGURE  20:  Non-Overlapping  Window  Comparator 
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range  between  VREF  and  analog  ground.  Figure  20  shows  that 
the  first  window  is  between  VREp  and  Vquta-  Vquta  is  also  the 
upper  limit  of  window  2,  the  lower  limit  being  V0utb>  etc.  These 
limits  (window  size)  can  be  microprocessor  controlled.  The 
relationship  VREF  >  Vjest  >  AGND  apply. 
More  versatility  can  be  obtained  by  connecting  the  output  of 
DAC  D  (Vquto)  t0  Vref;  ttlis  allows  VREF  (which  is  common  to 
all  four  DACs)  to  be  under  microprocessor  control  (see 
"Programmable  DAC  Reference  Voltage"  below).  This,  however, 
reduces  the  windows  to  four.  Overlapping  windows  (Figure  21 ) 
will  reduce  the  windows  to  three. 


PROGRAMMABLE  DAC  REFERENCE-VOLTAGE 

With  the  PM-7226's  flexibility,  one  of  the  internal  DACs  can  be 
used  to  control  VREF  for  all  of  the  DACs,  and  under  micropro- 
cessor control. 

The  circuit  configuration  is  shown  in  Figure  22.  The  relationship 
of  V^ef  ,0  Vin  Is  dependent  upon  the  digital  code  and  the  ratio 
of  R1  and  R2,  and  is  given  by: 

Vref=  [  (1  +  R)/(R  x  D/256  + 1)]  X  V|N 
where  R  =  R2/R1  (Figure  22) 
D  =  digital  input  code 

Table  4  shows  VREF  for  various  ratios  of  R1  and  R2. 
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FIGURE  21:  Overlapping  Window  Comparator 
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FIGURE  22:  Programmable  DAC  Reference 


TABLE  4:  VREF  versus  R1,  R2  (see  Figure  22) 


—  v0UT D 


Vss  AGND  DGND 


TO  OTHER 
COMPONENTS 


R1,  R2 

DIGITAL  INPUT  CODE 

VREF 

R1  =  R2 

00000000  (0/256) 

2V,N 

R1  =R2 

10000000  (128/256) 

1.3VIN 

R1  =R2 

11111111  (255/256) 

vIN 

R2  =  3R1 

00000000  (0/256) 

4VIN 

R2  =  3R1 

10000000  (128/256) 

1.6VIN 

R2  =  3R1 

11111111  (255/256) 

V.N 

This  application  works  best  with  dual  supplies.  This  is  due  to 
the  DAC's  output-current  sink  capability  as  V0irr  approaches 
0V. 

3-PHASE  SINEWAVE  GENERATION 

The  PM-7226  is  well  suited  for  3-phase  sinewave  generation 
and  with  amplitude  control.  These  sinewaves  can  be  used  to 
control  a  shaft's  rotational  angle  in  small  3-phase  synchro 
motors;  some  applications  are  antennas,  robotics,  and  process 
controls.  Other  waveforms  (such  as  triangular)  may  also  be 
generated.  The  concept  revolves  around  a  PROM,  counter,  and 
a  clock  (or  a  microprocessor). 
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PM-7226  QUAD  8-BIT  CMOS  D/A  CONVERTER  WITH  VOLTAGE  OUTPUT 


FIGURE  23:  3-Phase  Sinewave  Generator  Circuit  (Using  Counter) 


CLK 
PRESET 


PROM 
(SINEWAVE  LOOK-UP 


O- TYPE  o 
EDGE-TRIGGERED 
FLIP-FLOP  0 


VREF  PM-7226 

'  PM-7226 
VQUTA 

Vqutb 


SINEWAVE  OUTPUTS 


FIGURE  24:  3-Phase  Sinewave  Generator  (Under  Microprocessor  Control) 


FIGURE  24:  3-PHASE  SINEWAVE  GENERATOR  (UNDER  MICROPROCESSOR  CONTROL) 


MICROPROCESSOR 


087 
OBO 


ADDRESS  BUS 


SINEWAVE  PROM 


ADDRESS  DECODE 


> 


VOUTO 


v0UTA 


"out  a 


-ol 


SINEWAVE  OUTPUTS 


The  sinewave  codes  are  stored  in  a  PROM  in  sets  of  three.  Each 
set  is  120°  apart  and  has  a  1.4°  resolution  (360° /256).  These 
codes  will  use  768  memory  address  spaces  (256  X  3). 

Figure  23  shows  the  circuit  using  a  counter,  flip-flop,  and  a 
PROM;  note  that  a  clock  is  used  to  control  the  circuit.  The 
counter  counts  through  the  PROM'saddresses  until  the  counter 


has  stepped  through  the  PROM's  full  look-up  table,  this 
completes  a  full  cycle.  The  counter  then  resets  and  begins  the 
cycle  again  when  the  last  address  data  has  been  loaded  into  the 
PM-7226. 

Sinewave  generation  can  also  be  under  microprocessor  control, 
see  Figure  24.  The  processor's  software  runs  3  phases  to  three 
DACs.  Each  phase  is  drawn  from  the  PROM's  look-up  table. 
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PM-7226  QUAD  8-8IT  CMOS  O/A  CONVERTER  WITH  VOLTAGE  OUTPUT 


Any  combination  of  wave  shapes  may  be  simultaneously 
generated.  It  only  requires  the  functions  to  be  programmed  into 
the  PROM  on  an  interlace  basis. 

The  output  amplitudes  can  also  be  microprocessor  controlled; 
see  previous  section  on  "PROGRAMMABLE  DAC  REFERENCE 
VOLTAGE". 

MICROPROCESSOR  INTERFACING 

Interfacing  the  PM-7226  to  a  microprocessor  is  simplified  by 
virtue  of  its  loading  structure  simplicity.  Data  is  loaded  Into  the 
DAC  by  use  of  only  three  control  lines,  the  write  strobe  (WR) 
and  two  DAC  selection  control  signals  (AO,  A1). 

Figures  25  through  29  show  various  popular  microprocessor 
interface  configurations. 

FIGURE  25:  PM-7226  to  8085A  INTERFACE  (Simplified 
circuit,  only  lines  of  interests  are  shown.) 


D7/AD7 
O0/AD0 


ADORESS  BUS 


ADDRESS 
DECODE 
LOOIC 


A 


8212 
ADDRESS 
LATCH 


7T 


3 


DATA  BUS/ADDRESS 


DB7 
OBO 


FIGURE  27:  PM-7226  to  6809  INTERFACE  (Simplified  circuit, 
only  lines  of  interest  are  shown.) 


1£ 


Jy  D97 
DBO 


FIGURE  28:  PM-7226  to  6502  INTERFACE  (Simplified  circuit, 
only  lines  of  interest  are  shown.) 
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FIGURE  26:  PM-7226  to  Z-80  INTERFACE  (Simplified  circuit, 
only  lines  of  interests  are  shown.) 
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FIGURE  29:  PM-7226  to  68000  INTERFACE  (Simplified 
circuit,  only  lines  of  interest  are  shown.) 
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Precision  MonoJithics  Inc. 


PM-7524 

CMOS  8-BIT  BUFFERED  MULTIPLYING 
D/A  CONVERTER 


FEATURES 

•  ±1/8  LSB  Maximum  Nonlinearlty  Over  Temperature 

•  ±0.002  LSB  Maximum  Zero-Scale  Error  (Ilkg  10nA) 

•  ±1  LSB  Maximum  Gain  Error  Over  Temperature 

•  Microprocessor  Compatible 

•  Improved  Resistance  to  ESD 

•  Latch-up  Resistant;  No  Schottky  Diodes  Required 

•  SmW  @  +5V  Maximum  Power  Consumption 

APPLICATIONS 

•  Microprocessor  Controlled  Circuits 

•  Precision  AGC  Circuits 

•  Bus  Structured  Instruments 

•  Function  Generators 

•  Digitally  Controlled  Attenuators  and  Power  Supplies 
ORDERING  INFORMATION t 


CROSS  REFERENCE 


NON- 
LINEARITY 
V0D  =  +1SV 

TEMPERATURE  CC) 

CAIN 
ERROR 

MILITARY* 
-55  TO  +125 

INDUSTRIAL 
-25  TO  +85 

COMMERCIAL 
OTO+70 

±1/8  LSB 
±1/4  LSB 
±1/4  LSB 
±1/4  LSB 

±1  LSB 
±1.5  LSB 
±1.5  LSB 
±1.5  LSB 

PM7524AO 
PM7524BO 

PM7524EQ 
PM7524FQ 

PM7524GP 
PM7524HP 
PM7524HPCH 
PM7524HStt 

*  For  devices  processed  in  total  compliance  to  MlL-STD-883,  add  /8B3  after 

part  number.  Consult  factory  lor  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see 

1988  Data  Book,  Section  2. 
tt  Foravailabllltyand  burn-in  information  on  SOand  PLCC  packages,  contact 

your  local  sales  office. 

GENERAL  DESCRIPTION 

The  PM-7524  is  an  8-bit  monolithic  multiplying  digital-to- 
analog  converter  with  input  latches.  It  is  compatible  with  all 
popular  8-bit  microprocessors  including  the  6800, 8080, 8085, 
and  Z80.  Its  load  cycle  is  similar  to  that  of  a  RAM's  write  cycle. 

PMI's  tightly  controlled  thin-film  resistor  processing  provides 
1/8  LSB  linearity  without  laser  trimming.  The  design  incorpo- 
rates a  matching  MOS  transistor  switch  in  series  with  the  R-2R 
ladder  terminating  resistor  and  output  op  amp's  feedback 
resistor.  This  allows  the  DAC  to  achieve  an  excellent  gain 
tempco  and  improved  power  supply  rejection. 

The  PM-7524  exhibits  excellent  performance  on  a  single  +5V  to 
+15V  power  supply.  It  is  TTL  compatible  at  +5V  and  dissipates 
less  than  50mW;  using  0VorVDD  at  the  digital  inputs,  the  device 
dissipates  less  than  50pWat  +5V  and  150pW  at  +15V.  At  +15V  it 
is  CMOS  compatible. 

PMI's  improved  latch-up  resistant  design  eliminates  the  need 
for  external  protective  Schottky  diodes. 

The  PM-7524  is  manufactured  using  thin-film  resistors  on  an 
advanced  oxide-isolated  silicon-gate  CMOS  process. 


TEMPERATURE 

PMI 

ADI 

RANGE 

PM7524AQ 

AD7524UD 

PM7524BO 

AD7524TD 

MILITARY 

PM7524BO 

AD7524SD 

PM7524EO 

A07524CO 

PM7524FQ 

AD7524BD 

INDUSTRIAL 

PM7524FO 

AD7524AO 

PM7524GP 

A07524LN 

PM7524HP 

AD7524KN 

COMMERCIAL 

PM7524HP 

AD7524JN 

PIN  CONNECTIONS 

lOUTlLT  • 

IdUTlLT 

33  v„„ 

OKOfT 

m]  Vm 

B7(MSB)[T 

ij]  wn 

B«[T 

m]  Ci 

asfT 

u]  SO  (LSB) 

B4  [7 

to]  B1 

03  [T 

JJb: 

16-PIN  EPOXY  DIP 

s  s 


(P-Sufflx) 
16-PIN  HERMETIC  DIP 
(Q-Suffix) 
16-PIN  SO 
(S-Suffix) 


'  LiJlilLUl2ll!li\ 

ON0  «]  |m  Voo 

7  (MSB)  7]  [w  wn 

NC  3  (u  NC 

B8  JJ  [«  C8 

85  T]  fji  BO(LSS) 

S   O   H  3  O 

20-PIN  PLCC 
(PC-Suffix) 


FUNCTIONAL  DIAGRAM 


BUS  INTERFACE  LOGIC 
AND 
DATA  LATCHES 


— e?  


6  6 

OB7 IMSS)  DB6 


-O'OUT  2 
-O'OUT  1 
-0HF8 


□ATA  INPUTS 
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PM-7S24  CMOS  8-BIT  BUFFERED  MULTIPLYING  O/A  CONVERTER 


ABSOLUTE  MAXIMUM  RATINGS  (TA  =  +25°C,  unless 
otherwise  noted) 

VDD  (to  GND)    -0.3V,  +17V 

VREF(toGND)   ±25V 

Rra  (to  GND)   ±25V 

Digital  Input  Voltage  to  GND   -0.3V  to  VDD 

Output  Voltage  (Pin  1,  Pin  2)   -0.3V  to  VDD 

Power  Dissipation  (Package) 
Ceramic  (Suffix  Q) 

To  +75°C   450mW 

Derates  Above  +75°C  By   6mW/°C 

Plastic  (Suffix  P,  PC,  S) 

To  +70°C   670mW 

Derates  Above  +70°C  By  8.3mW/°C 

Operating  Temperature  Range 

Military  (AQ,  BQ  Versions)  -55°C  to  +125°C 

Industrial  (EQ,  FQ  Versions)  -25°C  to  +8S°C 

Commercial  (GP,  HR  HPC,  HS  Versions)  0°C  to  +70°C 


Dice  Junction  Temperature  +150°C 

Storage  Temperature    -65°C  to +1S0°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 

CAUTION: 

1.  Do  not  apply  voltages  higher  than  Vqq  or  less  than  GND  potential  on  any 
terminal  except  VREF  (Pin  15)  and  RFB  (Pin  16). 

2.  The  digital  control  Inputs  are  zener  protected,  however,  permanent 
damage  may  occur  on  unconnected  units  from  high  energy  electrostatic 
fields.  Keep  units  in  conductive  foam  at  ail  times  until  ready  to  use. 

3.  Use  proper  anti-static  handling  procedures. 

4.  Absolute  Maximum  Ratings  apply  to  both  packaged  devices  and  DICE. 
Stresses  above  those  listed  under  Absolute  Maximum  Ratings  may  cause 
permanent  damage  to  the  device. 


ELECTRICAL  CHARACTERISTICS  at  VD0  =  +5V  and  +15V;  VREF  =  +10V;  V0Uti  =  V0ut2  =  0V;  Limits  apply  to  the  Full 
Temperature  Range  for  each  grade  shown:  TA  =  -55°C  to  +125°C  apply  for  PM-7524AQ/BQ/ARC/BRC;  TA  =  -25°C  to  +85°C  apply 
for  PM-7524EQ/FQ;  TA  =  0°C  to  +70°C  apply  for  PM-7524GP/HP/HPC/HS;  unless  otherwise  noted. 


PM-7524 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

8 

Bits 

VDD  =  +5V 

PM-7524A/E/G 

±0.1 

%FSR 

(±1/4) 

(LSB) 

PM-7524B/F/H 

±0.2 

%FSR 

Relative  Accuracy 

INL 

(±1/2) 

(LSB) 

(Notes  1, 2) 

VD0=+15V 

PM-7S24A/E/G 

±0.05 

%FSR 

(±1/8) 

(LSB) 

PM-7524B/F/H 

±0.1 

%FSR 

(±1/4) 

(LSB) 

VD0=+5V 

PM-7524A/E/G 

±0.4 

%FSR 

(±1) 

(LSB) 

PM-7524B/F/H 

±0.8 

%FSR 

Gain  Error 

(±2) 

(LSB) 

(Note  3) 

GFSE 

V00=+15V 

TA = +25°C 

±0.4 

%FSR 

(±D 

(LSB) 

TA  =  Full  Temp.  Range 

±0.6 

%FSR 

(±15) 

(LSB) 

Gain  T.C. 
(Notes  4. 5) 

TCGFS 

±0.001 

%FSR/"C 

DC  Power  Supply  Rejection 

(AGainAlV00) 

PSR 

0.002 

0.01 

%FSR/% 

(Notes  3. 6) 

Output  Leakage  Current 

('OUTI.  '0UT2l 

(Notes  7, 8) 

'lkg 

TA  =  +25"C.  V0D  =  +  5V.  +  15V 
TA  =  Full  Temp.  Range 

V0D  =  +5V 

VD0  =  +15V 

10 

200 
100 

nA 

REFERENCE  INPUT 

Input  Resistance 

(Pin  1510  GND) 

7 

11 

15 

kll 

(Note  11) 
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PM-7524  CMOS  8-BIT  BUFFERED  MULTIPLYING  D/A  CONVERTER 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V  and  +15V;  VhcF  =  +10V;  V0UTi  =  VOUT2  =  OV;  Umits  apply  to  the  Full 
Temperature  Range  for  each  grade  shown:  TA  =  -55°C  to  +125°C  apply  for  PM-7524AQ/BQ/ARC/BRC;  TA = -25°C  to  +85°C  apply 
for  PM-7524EQ/FQ;  TA  =  0°C  to  +70°C  apply  for  PM-7524GP/HP/HPC/HS;  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-7524 

TYP  MAX 

UNITS 

POWER  SUPPLY 

X  =  V„.orV,H 

-  1 

mA 

Supply  Current 
(Digital  Inputs  =  X) 

■od 

X  =  OVorVDD 
TA  =  25-C 

TA  =  Full  Temp.  Range 

-  10 

-  25 

fA 

ANALOG  OUTPUTS 

Output  Capacitance 

□B0-DB7  =  VDD  (Note  12) 
Couti  (Pi"  1) 
CouT2  (Pin  2) 

-  120 

—  30 

pF 

(Note  4) 

Co 

DB0-DB7  =  OV  (Note  13) 
COUT1 
COUT2 

-  30 

-  120 

pF 

DIGITAL  INPUTS 

Digital  Inputs 
High 

V,H 

VDD  =  +5V 
VDD  =  +15V 

+2.4 
+13.5 

V 

Digital  Inputs 
Low 

VlL 

v0D  =  +sv 

VDD=+15V 

-  +0.8 

—  +1.5 

V 

Input  Current 
(V1N  =  OVorVOD) 

I.N 

TA  =  25°C 

TA  =  Full  Temp.  Range 

—  ±1 

-  ±10 

fA 

Input  Capacitance 
(V,N  =  OV) 
(Note  4) 

CEN 

DB0-DB7 
WR,  CS 

-  5 

-  20 

pF 

SWITCHING  CHARACTERISTICS 

(Notes  4. 14) 

Chip  Select  to 
Write  Setup  Time 

Vpo  =  +SV 

TA  =  +25-C 

TA  =  Full  Temp.  Range 
PM-7524A/B 
PM-7524E/F/G/H 

170 

240 
220 

nA 

Own  -  'cs) 
(Note  14) 

Ics 

VDD  =  +15V 

TA  =  +2S°C 

TA  =  Full  Temp.  Range 
PM-7S24A/B 
PM-7S24E/F/G/H 

100 

150 
130 

nA 

Chip  Select  to 
Write  Hold  Time 

*CH 

0 

ns 

Write  Pulse  Widlh 

VDD  =  +5V 
TA  =  +25°C 
TA  =  Futl  Temp.  Range 
PM-7S24A/B 
PM-7524E/F/G/H 

150 

220 
200 

ns 

(tcH2<vm.«CHa»> 

VDD  =  +15V 

TA  =  +25°C 

TA  =  Full  Temp.  Range 
PM-7524A/B 
PM-7524E/F/G/H 

100 

150 
130 

ns 
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PM-7524  CMOS  8-BIT  BUFFERED  MULTIPLYING  D/A  CONVERTER 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V  and  +15V;  VREF  =  +10V;  V0uti  =  V0UT2  =  OV;  Limits  apply  to  the  Full 
Temperature  Range  for  each  grade  shown:  TA  =  -55°C  to  +125°C  apply  for  PM-7524AQ/BQ/ARC/BRC;  TA = -25°C  to  +85°C  apply 
for  PM-7524EQ/FQ;  TA  =  0°C  to  +70°C  apply  for  PM-7524GP/HP/HPC/HS;  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-7524 
TYP 

MAX 

UNITS 

Voo  =  +5V 
TA  =  +25»V 
TA  =  Full  Temp.  Range 

135 
170 

ns 

Data  Setup  Time 

>OS 

VDD  =  +1SV 

TA  =  +25°C 

TA  =>  Full  Temp.  Range 
PM-7524A/B 
PM-7524E/F/G/H 

60 

100 
80 

ns 

Data  Hold  Time 

•dh 

10 

ns 

DYNAMIC  PERFORMANCE 

VDD  =  +SV 

TA  =  +25'C  —  —  150 

Propagation  Delay  ta  =  Full  Temp.  Range  ns 

(From  Digital  Input  PM-7524A/B  -  200 

to  90*  ot  Final  tP0  PM-7524E/F/G/H   175  

Analog  Output  Current)  VDQ  ~  +15V 

(Notes  4. 9)  TA  =  +25*C  —  —  65 

TA  =  Full  Temp.  Range  08 

PM-7524A/B  —  —  80 


VDD  =  +5V 

Output  Current  TA  =  +25"C  —  —  300 

Settling  Time  TA  =  Full  Temp.  Range  —  -  350 

(T0  1/2LSB)  *»  V00  =  +1SV 

(Notes  4. 9. 15)  TA  =  +25»C  -  -  200 
 TA  =  Full  Temp.  Range                                        —           —  250 


AC  Feedthrough 

■ouri-'ovrc  FT  —  -        0.25  *FSR 

(Note  4)  


Digital  Charge 
Injection 
(Note  16) 


VDD  =  +5V 
TA  =  +25°C 

V0D  =  +15V 
TA  =  +25»C 


nV/s 


NOTES: 

1.  Guaranteed  monotonic  overfull  temperature  range  and  at  VD0-  +5Vand 
+15V. 

2.  FSR  (Full  Scale  Range)  =  VREF~1LSB. 

3.  Using  Internal  feedback  resistor. 

4.  Guaranteed  by  design  and  not  production  tested. 

5.  Gain  TC  measured  from  +25*C  to  TMIN  or  (rom  +25*C  to  T^uu,. 

6.  AVDD  =  ±10*.     

7.  D80-DB7  =  0V;  WR_=  CS_=  0V;  VREF  =  ±10V,  for  l0UT1. 

8.  DB0-DB7  =  VDD;  WR  =  CS  =  0V;  VREF  =  ±10V.  for  l0UTa. 


S.  I0UT,  load  =  100n:  CEXT  -  13pF;  WR  =  CS  =  0V;  DB0-DB7  -  OV  to  VDD  or 
VDDtoOV.    _ 

10.  VREf  =  ±10V.  f  =  100kHz;  DB0-DB7  =  0V;  WR  =  CS  =  0V. 

11.  Temperature  coefficient  approximately  equals  +50ppm/"C. 

12.  DB0-DB7  =  VD0j_WR  =  CS  =  0V. 

13.  OB0-DB7  =  0V;WR  =  CS  =  0V. 

14.  See  Timing  Diagram. 

15.  Extrapolated:  t3  (1/2  LSB)  =  tpD  +  6.2r.  where  r  =  the  measured  first  time 
constant  of  the  final  RC  decay. 

16.  VREF  =  0V;  Digital  Inputs  =  0V  to  VDD. 
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 p^rj|^  PM-7524  CMOS  B-BIT  BUFFERED  MULTIPLYING  D/A  CONVERTER 

DICE  CHARACTERISTICS 


DIE  SIZE  0.070  X  0.076  Inch,  5320  sq.  mils 
(1.78  X  1.93  mm,  3.43  sq.  mm) 


WAFER  TEST  LIMITS  at  VDD  = 

+5V  and  +15V;  VREF  =  +10V;  V0UTi 

=  VOuT2  =  0V;TA  =  +25°C. 

PM-7524G 

PARAMETER 

SYMBOL  CONDITIONS 

LIMIT 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

8 

Bits  MIN 

VDD  =  +5V 

±0.2 

%FSR 

Relative  Accuracy 

INL 

(±1/2) 

(LSB) 

MAX 

(Notes  1,  2) 

VDD=+15V 

±0.1 
(±1/4) 

%FSR 
(LSB) 

VDt)  =  +5V 

±08 

%FSR 

Gain  Error 

(±2) 

(LSB) 

MAX 

(Note  3) 

GFSE 

VD0=+15V 

±0.4 
(±1) 

■KFSR 
(LSB) 

DC  Power  Supply 


Rejection  Ratio 
(iGain/iVDD) 

PSRR 

0.01 

%FSW%  MAX 

(Notes  3.  4) 

Output  Leakage 

Current 
Coutv  'ouT2) 

!LKG 

10 

nA  MAX 

(Notes  5. 6) 

REFERENCE  INPUT 

Input  Resistance 

(Note  7) 

7/15 

kllMIN/MAX 

DIGITAL  INPUTS 

Digital  Inputs 
High 

V,h 

VDD  =  +5V 
VDD  =  +15V 

+2.4 
+13.5 

VMIN 

Digital  Inputs 
Low 

V0D  =  +5V 
VDD  =  +15V 

+0.B 
+1.5 

VMAX 

Input  Current 
(VIN  =  0V  or  Vqq) 

l|N 

±1 

*A 

POWER  SUPPLY 

Supply  Current 

X  =  VILorVIH 

1 

mA 

(Digital  Inputs  =  X) 

'do 

X  =  0V  or  VDD 

10 

JiA 

NOTES: 

1.  Guaranteed  monotonic  over  full  temperature  range  and  at  VDD  =  +5V  and  4.  >}VDD  =  ±10%. 

+15V.  5.  DB0-DB7  =  0V;  WR_=  CS_=0V;  VREf  =  ±10V,  lor  l0UT1. 

2.  FSR  (Full  Scale  Range)  =  VnEF  -  1  LSB.  6.  DB0-DB7  =  VDD;  WR  =  CS  =  0V;  VHEF  =  ±10V.  lor  lOUTJ. 

3.  Using  internal  feedback  resistor.  7.  Temperature  coefficient  approximately  equals +50ppm/°C. 


Electrical  tests  are  performed  at  water  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed 
tor  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


11-218 


8/87,  Rev.  C 


PM-7524  CMOS  8-BIT  BUFFERED  MULTIPLYING  D/A  CONVERTER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


RELATIVE  ACCURACY 
va  REFERENCE  VOLTAGE 


loan 

±0.780 
10-628 

I      I  I 
TA-+2S*C 

H 

wit 

15V- 

±0800 

±un 

±0280 
±0.128 

Jl- 

0 

g  ±o.» 


GAIN  ERROR 
va  REFERENCE  VOLTAGE 


Tj 

■  +2 

Vbo 

-« 

V — 

loo 

"+1 

IV 

-8-4-2     0  2 
Vnr  (VOLTS) 


-10   -t    -»  -4 


RELATIVE  ACCURACY 
vs  DIGITAL  INPUT  CODE 


0.378 
0.280 


- 1  1  1  

T«-+2S,C 
—  VOD-+BVAND+18V 
Vr„-+WV 


-0275 
-OS00 


1*1,  (VOLTS) 


32     04     90     128     160     182    224  258 
DIGITAL  INPUT  COOS  (DECIMAL) 


SUPPLY  CURRENT  SUPPLY  CURRENT 

vs  TEMPERATURE  vs  TEMPERATURE 


-75    -80    -28      0      25      SO      78     100     128  -78    -80    -28      0      28     50      78     TOO  128 

TEMPERATURE  CC)  TEMPERATURE  PC) 
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BURN-IN  CIRCUIT 


NOTES: 

1.  CI  -  C2  -  4.7»iF  TANTALUM  50V  EVERY  10th  DEVICE. 

2.  C3  •  C4  -  0.01(iF  CERAMIC  50V  EVERV  10th  DEVICE. 


DEFINITIONS 
RESOLUTION 

The  resolution  of  a  OAC  is  the  number  of  states  (2n)  that  the 
full-scale  range  (FSR)  is  divided  (or  resolved)  into,  where  n  is 
equal  to  the  number  of  bits.  Resolution  in  no  way  implies 
linearity. 

RELATIVE  ACCURACY 

Relative  accuracy  or  end-point  nonlinearity  is  a  measure  of 
the  maximum  deviation  from  a  straight  line  passing  through 
the  end-points  of  the  DAC  transfer  function.  It  is  measured 
after  adjusting  for  ideal  zero  and  full-scale  and  is  expressed 
in  %  or  ppm  of  full-scale  range  or  (sub)  multiples  of  1  LSB. 

PROPAGATION  DELAY 

The  time  for  the  output  current  to  reach  90%  of  its  final  value 
from  a  given  digital  input  signal. 

SETTLING  TIME 

Time  required  for  the  output  function  of  the  DAC  to  settle  to 
within  1/2  LSB  for  a  given  digital  input  stimulus,  i.e.,  zero  to 
full  scale. 

GAIN 

Ratio  of  the  DAC's  external  operational  amplifier  output  vol- 
tage to  the  VREF  input  voltage  when  using  the  DAC's  internal 
feedback  resistor. 

GAIN  ERROR 

Gain  error  or  full-scale  error  is  a  measure  of  the  output  error 
between  an  ideal  DAC  and  the  actual  device  output.  Ideal 
output  is  equal  to  VREF  -  1  LSB. 

FEEDTHROUGH  ERROR 

Error  caused  by  capacitive  coupling  from  VREp  to  output  with 
all  switches  off. 


OUTPUT  CAPACITANCE 

Capacitance  from  I  out  i  and  Iout2  terminals  to  ground. 
OUTPUT  LEAKAGE  CURRENT 

Current  which  appears  on  I  out  i  terminal  with  all  digital 
inputs  low  or  on  I  out  2  terminal  when  all  inputs  are  high. 

CIRCUIT  DESCRIPTION 
CIRCUIT  INFORMATION 

The  PM-7524  is  an  8-bit  multiplying  CMOS  digital-to-analog 
converter  with  on-board  data  latches.  It  is  fabricated  using  a 
highly  stable  thin-film  R-2R  resistor  ladder  network  and  eight 
N-channel  current  switches.  A  voltage  or  current  reference 
and  an  operational  amplifier  are  all  that  is  required  in  the 
majority  of  applications. 

Figure  1  shows  a  simplified  circuit  of  the  PM-7524  converter. 
The  R-2R  ladder,  current  steering  switches,  and  interface 
logic  are  shown.  The  switches  are  binarily  weighted  and 
switch  the  ladder  current  between  Iout  1  and  louT2  bus  lines; 
this  switching  allows  a  constant  current  to  be  maintained  in 
each  resistor  leg  regardless  of  the  switch  state. 

The  simplified  circuit  of  Figure  1  also  shows  the  matching 
switches  in  series  with  the  ladder  terminating  and  Rpb  (feed- 
back) resistors.  These  switches  are  designed  to  temperature- 
track  the  ladder  current-steering  switches  and  improve  power 
supply  rejection.  Both  switches  are  MOS  transistors  that  have 
their  gate  turn-on  voltage  derived  from  VDD  supply.  This  means 
the  terminating  and  feedback  resistors  are  open-circuit  when 
Vdo  power  is  off.  If  Rrb  is  used  as  part  of  an  op  amp's  feedback 
element,  and  the  op  amp's  supply  comes  on  before  the  DAC,  the 
op  amp's  output  will  go  to  the  rails.  It  remains  in  this  open-loop 
condition  until  the  DAC's  VDD  is  applied.  In  applications  where 
the  op  amp's  supply  must  come  on  before  the  DAC,  a  voltage 
clamp  or  external  feedback  resistor  may  be  necessary. 

FIGURE  1:  PM-7524  Functional  Diagram 


1  1 

DBT(MSS)  DM  DBS  080 ILS8) 
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EQUIVALENT  CIRCUIT  ANALYSIS 

Figure  2  shows  an  equivalent  circuit  for  the  PM-7524  with  all 
digital  inputs  LOW.  The  Iout  1  and  I  out  2  leakage  current 
source  is  the  combination  of  surface  and  junction  leakages  to 
the  substrate.  The  1/256  current  source  represents  the  con- 
stant 1-bit  current  drain  through  the  ladder  termination  resis- 
tor. The  situation  is  reversed  with  all  digital  inputs  HIGH, 
i.e.,  the  current  output  is  now  switched  to  the  Iout  i  terminal. 
The  output  capacitance  is  dependent  upon  the  digital  input 
code,  and  is  therefore  modulated  between  the  low  and  high 
values. 

FIGURE  2:  PM-7524  Equivalent  Circuit 
(Ail  Digital  Inputs  LOW) 


'REF 

— -  R*10U> 

o — V/v  f 


X 


I  (OJ  'leakage   -p  ,a*F 


INTERFACE  LOGIC 

MODE  SELECTION   

The  mode  selection  is  controlled  by  the  CS  and  WR  inputs. 

WRITE  MODE   

The  PM-7524  is  in  the  WRITE  mode  when  both  the  CS  and  WR 
are  both  LOW;  the  input  latches  are  transparent  and  the  output 
immediately  follows  the  data  input  logic.  See  the  MODE 
SELECTION  TABLE. 

MODE  SELECTION  TABLE 


CS 

WW 

MODE 

DAC  RESPONSE 

L 

L 

WRITE 

DAC  responds  to  data  bus 
(DBO— DB7)  inputs  (trans- 
parent) 

H 

X 

HOLD 

Data  bus  (DBO— DB7)  is 
locked  out 

X 

H 

HOLD 

DAC  holds  last  data  present 
when  WR  or  CS  assumes  a 
HIGH  state 

L  =  Low  State,  H  =  High  State,  X  =  Don't  Care. 


HOLD  MODE 

The  MODE  SELECTION  TABLE  shows  the  output  results  when 
either  CS  or  WR  is  HIGH.  The  output  holds  the  value  corre- 
sponding to  the  last  digital  inputs  prior  to  CS  or  WR  assuming 
the  HIGH  state. 

WRITE  CYCLE  TIMING  DIAGRAM 


notes 

1.  ail  input  signal  rise  and  fall  times 
measured  from10*  to  h%0fv0o.vdo 
■  «v,  ^  ■  v  am  vk,  ■  <t  m  l  •  i,  •  40m. 

2.  TIMING  MEASUREMENT  REFERENCE  LEVEL 

2 

>■  to»  *  few  IS  APPROXIMATE  LT  CONSTANT  AT 
ttSm  MM  AT  ♦ETC.  Voo  ■  -SV  AND  L,  " 
ITOn*  MI  N.  THE  PM-7S24  [SSPECtFIEOFOR 
A  MINIMUM  to,  OF  10ns,  HOWEVER,  04 
APPLICATIONS  WHERE  to  >  10ro,  fe»  MAY 
RE  REDUCES  UP  TO  THE  IBIIT  lot  •  <*» 


Supply  current  (lDD)  versus  Logic  input  voltage  (V,N)  is  shown  in 
Figure  3.  This  plot  shows  the  supply  current  for  both  Vqd  =  +5V 
and  vDD  =  +15V. 

FIGURE  3:  Supply  Current  vs  Logic  Level 


BOO 
600 
400 


0        3       10       12  14 

V.N  (VOLTS! 
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APPLICATIONS 

FIGURE  4:  Unipolar  Binary  Operation 
(2-Quadrant  Multiplication) 


TABLE  2:  Bipolar  (Offset  Binary)  Code  Table 


Vref  "do 
0 


J 


NOTES: 

1.  Rl  AND  R2  USED  ONLY  IF  GAtN 
ADJUSTMENT  IS  REQUIRED. 

2.  CI  PHASE  COMPENSATION  ItOpF  -  15pF> 
MAY  BE  REQUIRED  WHEN  USINO  HIGH 
SPEED  AMPLIFIERS  TO  PREVENT 
RINGING  OR  OSCILLATION. 


TABLE  1:  Unipolar  Binary  Code  Table 

DIGITAL  INPUT 
MSB  LSB 

ANALOG  OUTPUT 

1111 

1111 

-Vref  I 

255  \ 

256  ) 

10  0  0 

0  0  0  1 

-Vref  I 

129  \ 
256  ) 

10  0  0 

0  0  0  0 

-Vref  ( 

128  \  VREF 
256  )      "  2 

0  111 

1111 

-Vref  I 

127  \ 
256  I 

0  0  0  0 

0  0  0  1 

-Vref  ( 

"25T) 

0  0  0  0 

0  0  0  0 

-Vref  ( 

NOTE 

ilsb  =  (r8)  (VREF) 


DIGITAL  INPUT 
MSB  LSB 

ANALOG  OUTPUT 

1111 

1111 

+Vref 

/  127  \ 
(^28~) 

10  0  0 

0  0  0  1 

+Vref 

(l28~) 

10  0  0 

0  0  0  0 

0 

0  111 

1111 

-Vref 

("128") 

0  0  0  0 

0  0  0  1 

-Vref 

("H") 

0  0  0  0 

0  0  0  0 

-Vref 

/J2B_\ 
\  128  ) 

ILSB  =  (2"7)  (Vref)  =  (Vref) 
FIGURE  6:  PM-7524/8085A  Interface 


8-BIT 
LATCH 

DECODE 
LOQIC 

\ 

3. 

WH  PM-7S24 

DB0-OB7 


> 


ADDRESS/DATA  BUS 


(Vref> 


FIGURE  5:  Bipolar  (4-Quadrant)  Operation 


110V 
(AC  OR  DC) 

Vref  Voo 

Q  O 


«5C 
wRC 


3V0UT 


NOTES: 

1.  ADJUST  R 1  FOR  Vqut-OV  AT  CODE  TOO0000O. 

2.  CI  PHASE  COMPENSATION  {10  -  16pF|  MAY  BE 
REQUIRED  IF  A1  IS  A  HIGH  SPEED  AMPLIFIER. 
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FIGURE  7:  PM-7524/MC6800  Interface 


FIGURE  9:  Divider 

(Digitally  Controlled  Gain) 


FIGURE  8:  Power  Generation  Connection 


? 

IS 

4 

14 

11 

PM-7624 
91 

12 

13 

"WTrT  1 


CIRCUIT  EQUATIONS 

Vn  -  —  (¥mt)  (D"),  It  AN  ODD  INTEGER 
V,  -  +  IVnirJ  (0»h  n  AN  f  VEH INTEGER 

WHERE: 

_  _  OB7  ,  DM  ,  DBO 

0  -  ir  +  ir  +  ~sr 

AND 

D8n  -  1w0 


INPUT  D        cs  vm 

rial  I 


— OvOUT 


EQUATIONS 
-V|„ 


DB7  .  OBI  .  DBO 


O  -  00000000,  Av  ■ 
D  ™  00000001,  A*  ■  —  2M 


il  (OP  AMP) 


Hi 


O 
<J 

O 

O 
-) 

t 

< 

> 

o 

-I 

PS 
o 

I— H 

Q 
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PM-7528 

DUAL  8 -BIT  BUFFERED 
MULTIPLYING  CMOS  D/A  CONVERTER 


FEATURES 

•  On-Chlp  Latches  For  Both  DACs 

•  +5V  To  +15V  Single  Supply  Operation 

•  DACs  Matched  To  1% 

•  Four-Quadrant  Multiplication 

•  TTL/CMOS  Compatible 

•  8-Bit  Endpolnt  Linearity  (±1/2  LSB) 

•  Full  Temperature  Operation 

•  Low  Power  Consumption 

•  Microprocessor  Compatible 

•  Improved  ESD  Resistance 

•  Automatically  Insertable  Cerdip  and  Plastic  Packages 

•  Available  in  Surface  Mount  SO,  PLCC  and  LCC  Packages 

APPLICATIONS 

•  Digital  Gain/Attenuation  Control 

•  Digital  Control  Of  Filter  Parameters 

•  Digitally-Controlled  Audio  Circuits 

•  X-Y  Graphics 

•  Digital/Synchro  Conversion 

•  Robotics 

•  Ideal  For  Battery-Operated  Equipment 
CROSS  REFERENCE 


ORDERING  INFORMATION! 


TEMPERATURE 

PMI 

AOI 

RANGE 

PM7528AR 

AD7528UD 

PM752BBR 

AD7528TD 

MILITARY 

PM752BBR 

AD752BSD 

PM7528ER 

A07S28CO 

PM7528FR 

A07S28BQ 

INDUSTRIAL 

PM7528FR 

AD7S28AQ 

PM7528GP 

A07S28LN 

PM7528HP 

AD7528KN 

PM7528HP 

A07S23JN 

COMMERCIAL 

PM7528HPC 

AD7528KP 

PM7S28HPC 

AD7528JP 

FUNCTIONAL  DIAGRAM 

IB7  ' 


LATCH 

DAC  A 

t 

>M-7S28 

+ 

3 

LATCH 

DAC  B 

AGND 
Bfl>8 


PACKAGE:  20-PIN 


MILITARY' 

INDUSTRIAL 

COMMERCIAL 

RELATIVE 

GAIN 

TEMPERATURE 

TEMPERATURE 

TEMPERATURE 

ACCURACY 

ERROR 

-55"CTO+12S"C 

-25»CTO+85"C 

ETC  TO  +70°C 

±1/2  LSB 

±1  LSB 

PM7528AR 

PM7S26ER 

PM7528GP 

±1/2  LSB 

±1  LSB 

PM7528ARC/883 

±1/2  LSB 

±2  LSB 

PM7526BR 

PM7528FR 

PM7528HP 

±1/2  LSB 

±2  LSB 

PM7528BRC/883 

PM7528HPCtt 

+1/2  LSB 

±2  LSB 

PM7528HStt 

*  For  devices  processed  in  total  compliance  to  MlL-STD-883.  add  /B83  after 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book,  Section  2. 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 
contact  your  local  sales  office. 

GENERAL  DESCRIPTION 

The  PM-7528  contains  two  8-bit  multiplying  digital-to-analog 
converters.  Excellent  DAC-to-DAC  matching  and  tracking 
results  from  monolithic  construction.  The  PM-7528  consists  of 
two  thin-film  R-2R  resistor-ladder  networks,  tracking  span  re- 
sistors, two  data  latches,  one  input  buffer,  and  control  logic. 
Operation  from  a  5  to  15  volt  single  power  supply  dissipates 
only  20mWof  power  in  a  space  saving  20-pin  0.3"  wide  DIP.  The 
PM-7528  features  circuitry  designed  to  protect  against  damage 
from  electrostatic  discharges. 

Digital  input  data  is  directed  into  one  of  the  DAC  data  latches 
determined  by  the  DAC  selection  control  line  DAC  A/DAC  B. 
The8-bit  wide  input  data  path  provides  TTL/CMOS  compatibility. 
The  data  load  cycle  is  similar  to  the  write  cycle  of  a  random 
access  memory.  The  PM-7528  is  bus  compatible  with  most  8-bit 
microprocessors,  including  the  6800, 8080,  8085,  and  Z80. 


PIN  CONNECTIONS 


AGND  (T  • 

~m]  OUT  B 

OUT  A  fT 

75]  RFBe 

Hf8AfT 

VREF  *  E 

«JVDD 

OCNOE 

u]  am 

DTSTAVOAC  B  LT 

{MSB)  DB7  E 

]7|  DBC(LSB) 

DBA  LT 

JJ]  t>Bl 

DBS  fT 

22}  DB2 

DB4  Qo 

JtJ  OB3 

20-PIN  EPOXY  DIP 
(P-Suffix) 

20-PIN  HERMETIC  DIP 
(R-Suffix) 

20-PIN  SOL 
(S-Suffix) 


at  o  S  §  at 

f_ LdLdLilHlsTs 

Vref*  II  Di  vMfo 

PLCC  PACKAGE         ogno  JJ  (77  V[)0 

(PC-Suffix)       Birx/DACa  JJ  [»  5tn 

IMSB]  DB7  JJ  Qt  CS 

DM  JJ  [h  DBS  ILSBI 


LCC  PACKAGE 
(RC-Suffix) 
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ABSOLUTE  MAXIMUM  RATINGS 

(TA=  +25°C,  unless  otherwise  noted.) 

Vdq  to  AGND    0V.+17V 

Vqq  to  DGND   OV, +17V 

AGNDtoDGND   OV,  VDD 

Digital  Input  Voltage  to  DGND  -0.3V,  +15V 

Vpin  2.  Vrin  20  to  AGND   -0.3V,  +15V 

Vref  A.  Vref  B  to  AGND    ±25V 

VrfbA,  VRFBBto  AGND    ±25V 

Power  Dissipation  (Any  Package)  to  +75"C    450mW 

Derate  Above  +75°C  by    6mW/0C 

Operating  Temperature  Range 

AR,  ARC,  BR,  BRC  Versions  -55°C  to  +125°C 

ER,  FR  Versions   -25°C  to  +85°C 

GP,  HP,  HPC,  HS  Versions  0°C  to+70°C 


Dice  Junction  Temperature   +150°C 

Storage  Temperature   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)    +300°C 

CAUTION: 

1.  Do  not  apply  voltages  higher  than  VDD  or  less  than  GND  potential  on  any 
terminal  except  VREF. 

2.  The  digital  control  inputs  are  zener-protected;  however,  permanent  damage 
may  occuron  unprotected  units  from  high-energy  electrostatic  fields.  Keep 
units  in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Do  not  insert  this  device  into  powered  sockets:  remove  power  before 
insertion  or  removal. 

4.  U3e  proper  anti-static  handling  procedures. 

5.  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device. 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V  or  +15V,  VREF  A  =  VHEF  B  =  +10V,  OUT  A  =  OUT  B  =  OV;  TA  =  -55"C  to 
+125°C  apply  for  PM-7528AR/ARC/BR/BRC;  TA  =  -25"C  to  +85"C  apply  for  PM-7528ER/FR;  TA  =  0°C  to  +70"C  apply  for 
PM-7528GP/HP/HPC/HS,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-7528 

TYP  MAX 

UNITS 

STATIC  ACCURACY 

(Mote  1) 

Resolution 

N 

S 

Bits 

Relative  Accuracy 
(Note  2) 

NL 

±1/2 

LSB 

Differential  Nonlinearily 
(Note  3) 

DNL 

±1 

LSB 

TA  =  +25°C 

PM7528A/E/G 
PM7S28B/F/H 

±1 
±2 

Full  Scale  Gain  Error 
(Note  4) 

GFSE 

VD0  =  +5V 

TA  =  Full  Temp.  Range 

PM7528A/E/G 
PM7528B/F/H 

±3 
±4 

LSB 

Vqd =  +15V 

TA  =  Full  Temp.  Range 

PM7S28A/E/G 
PM7526B/F/H 

±1 
±3 

Gain  Temperature 
Coefficient 

(AGain/ATemperature) 
(Notes  4, 10) 

TCGFS 

V00  =  +SV 
VDD  =  +15V 

±0.007 
+0.0035 

*/°C 

TA  =  +25«C 

S 

±50 

Output  Leakage  Current 
Out  A  (Pin  2)/Out  B  (Pin  20) 

'lkg 

VD0  =  +SV 

TA  =  Full  Temp.  Range 

±400 

nA 

(Note  S) 

V0D  =  +1SV 

TA  =  Full  Temp.  Range 

+200 

Input  Resistance 
(Vref A.  VREF  B) 
(Note  6) 

RREF 

S 

15 

kfl 

VREFA/VnEFB 
(Input  Resistance  Match) 

4VREFA.B 

0.1 

±1 
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ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V  or  +15V,  VREF  A  =  VREf  B  =  +10V,  OUT  A  =  OUT  B  =  OV;  TA  =  -55°C  to 
+125°C  apply  for  PM-7528AR/ARC/BR/BRC;  TA  =  -25°C  to  +85°C  apply  for  PM-7528ER/FR;  TA  =  0°C  to  +70°C  apply  for 
PM-7528GP/HP/HPC/HS,  unless  otherwise  noted.  (Continued) 


DM  7C4B 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DIGITAL  INPUTS 

(Note  9) 

Digital  Input  High 

VD0  =  +SV 

2.4 

V 

(Note  8) 

VINH 

V0D  =  +15V 

13.5 

Digital  Input  Low 

VDD  =  +5V 

0.8 

V 

(Note  8) 

V.NL 

VOD  =  +15V 

1.5 

Input  Current 

TA  =  +25°C 

.001 

±1 

fA 

(Note  7) 

llN 

TA  —  Full  Temp.  Range 

±10 

Input  Capacitance 
(Note  10) 

C(N 

DB0-DB7 

WR,  CS,  DAC  A/DAC  B 

10 
15 

pF 

SWITCHING  CHARACTERISTICS  at  Vorj 

I  =  +5V 

(Notes  10, 11) 

Chip  Select  to 

tcs 

TA  =  +25°C 

200 

ns 

Write  Set-Up  Time 

TA  =  Full  Temp.  Range 

230 

- 

- 

Chip  Select  to 

TA  =  +25°C 

20 

ns 

Write  Hold  Time 

*CH 

TA  =  Full  Temp.  Range 

30 

- 

- 

DAC  Select  to 

<AS 

TA  =  +25*C 

200 

ns 

Write  Set-Up  Time 

TA  —  Full  Temp.  Range 

230 

DAC  Select  to 

TA  =  +25"C 

20 

Write  Hold  Time 

<AH 

TA  =  Full  Temp.  Range 

30 

ns 

Data  Valid  to 

TA  =  +25°C 

110 

ns 

Write  Set-Up  Time 

Ids 

TA  ~  Full  Temp.  Range 

130 

Data  Valid  to 
Write  Hold  Time 

•oh 

0 

- 

- 

ns 

Write  Pulse  Width 

•wr 

TA  =  +25"C 

TA  =  Full  Temp.  Range 

180 
200 

ns 

SWITCHING  CHARACTERISTICS  at  V0D  =  +15V 

(Notes  10, 11) 

Chip  Select  to 

>cs 

TA  =  +25°C 

60 

ns 

Write  Set-Up  Time 

TA  —  Full  Temp.  Range 

80 

Chip  Select  to 

'ch 

TA  =  +25"C 

10 

ns 

Write  Hold  Time 

TA  =  Full  Temp.  Range 

15 

- 

- 

DAC  Select  to 

TA  =  +25°C 

60 

ns 

Write  Set-Up  Time 

<AS 

TA  =  Full  Temp.  Range 

80 

DAC  Select  to 

TA  =  +25"C 

10 

Write  Hold  Time 

<AM 

TA  =  Full  Temp.  Range 

15 

ns 

Data  Valid  to 

TA  =  +25»C 

50 

ns 

Write  Set-Up  Time 

tos 

TA  =  Full  Temp.  Range 

70 

Data  Valid  to 

•oh 

10 

ns 

Write  Hold  Time 

Write  Pulse  Width 

TA  =  +25"C 

TA  =  Full  Temp.  Range 

60 
80 

ns 
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ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V  or  +15V,  VREF  A  =  VREF  B  =  +10V,  OUT  A  =  OUT  B  =  OV;  TA  =  -55°C  to 
+125°C  apply  for  PM-7528AR/ARC/BR/BRC;  TA  =  -25°C  to  +85°C  apply  lor  PM-7528ER/FR;  TA  =  u°C  to  +70°C  apply  for 
PM-7528GP/HP/HPC/HS,  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-7528 
TYP 

MAX 

UNITS 

POWER  SUPPLY 
(Note  12) 

Supply  Current 

All  Digital  Inputs  VINL  or  VINH 

1 

mA 

(Note  21) 

'do 

All  Digital  Inputs  OV  or  V0D 

100 

dA 

AC  PERFORMANCE  CHARACTERISTICS 
(Note  13) 

DC  Supply  Rejection  Ratio 
(AGain/AVDD) 
(Note  14) 

PSRR 

Voo  =  +5V 
TA=  +25°C 
TA  =  Full  Temp.  Range 

- 

- 

0.02 
0.04 

VDD  =  +15V 
TA  =  +25"C 
TA  =  Full  Temp.  Range 

- 

- 

0.01 
0.02 

Propagation  Delay 

>PD 

VDD  =  +5V 
TA  =  +25°C 
TA  =  Full  Temp.  Range 

- 

- 

220 
270 

ns 

(Notes  15. 16. 17) 

VDD  =  +15V 
TA  =  +25°C 
TA  =  Full  Temp.  Range 

- 

- 

60 
100 

Current  SettHng  Time 

t, 

VDD  =  +5V 
TA  =  +25'C 
TA  =  Full  Temp.  Range 

350 
400 

ns 

(Notes  16, 17. 22) 

VDD  =  +15V 
TA  =  +25"C 
TA  =  Full  Temp.  Range 

180 
200 

Digital  Charge  Injection 
(Note  16) 

0 

TA  =  +25°C 
VDD=+5V 
V0D=+15V 

160 
440 

nVs 

Output  Capacitance 

COUT  A 

Cout  B 

DAC  Latches  Loaded 
with  O0CO0OOO 

50 
50 

PF 

COUT  A 
Cout  B 

DAC  Latches  Loaded 
with  11111111 

120 
120 

AC  Feedthrough 

FTA 

V„EF  A  to  OUT  A; 

TA  =  +25°C 

TA  =  Full  Temp.  Range 

-70 

-65 

dB 

(Note  19) 

ft0 

VREF  B  to  OUT  B; 

TA  =  +25°C 

TA  =  Full  Temp.  Range 

-70 
-65 
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ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V  or  +15V,  VREF  A  =  VflEF  B  =  +10V,  OUT  A  =  OUT  B  =  OV;  TA  =  -55°C  to 
+125°C  apply  (or  PM-7528AR/ARC/BR/BRC;  TA  =  -25°C  to  +85°C  apply  for  PM-7528ER/FR;  TA  =  0°C  to  +70"C  apply  for 
PM-7528GP/HP/HPC/HS,  unless  otherwise  noted.  (Continued) 


PM-7528 

PARAMETER  SYMBOL 

CONDITIONS 

MIN         TYP  MAX 

UNITS 

AC  PERFORMANCE  CHARACTERISTICS 

(Note  13) 

VREF  A  to  OUT  B; 
vref  A  =  20V  p^,  Sinewave 
CCI^  @  f  =  100kHz 

VREFB  =  0V. 

Channel-lo-Channel   TA  =  +25°C  

Isolation  (Note  20)  Vref  B  to  OUT  A; 

VREF  B  =  20VM,  Sinewave 
CCIAB  @  I  =  100kHz 


VREFA  =  0V. 
TA  =  +25»C 


For  Code  Transition  From  00000000  to  1 1 1 1 1 1 11 . 

Digital  Crosstalk 

O 

TA  =  +25"C 
VDD  =  +SV 
V00  =  +15V 

30 
60 

nVs 

Harmonic  Distortion 

THD 

VIN  =  6Vrms@f  =  1kHz. 
TA  =  +25"C 

-85 

dB 

NOTES: 

1.  Specifications  apply  to  both  DAC  A  and  DAC  B. 

2.  This  is  an  endpainl  linearity  specification. 

3.  All  grades  guaranteed  to  be  monotonic  over  the  lull  operating 
temperature  range. 

4.  Measured  using  internal  RFB  A  and  RFe  B.  Both  DAC  latches  loaded  with 
11111111.  Gain  error  is  adjustable  using  circuits  of  Figures  5  and  6. 

5.  DAC  loaded  with  00000000. 

6.  Input  resistance  TC  =  +50ppm/°C;  typical  input  resistance  =  llkft. 

7.  V,N  =  0VorV0D.  

8.  For  all  data  bits  DB0-DB7.  WR.  CS.  DAC  A/DAC  B. 

9.  Logic  inputs  are  MOS  gates.  Typical  input  current  {+25°C)  is  less  than 
1nA. 

10.    Guaranteed  and  not  tested. 


11.  See  timing  diagram. 

12.  See  Figure  3. 

13.  These  characteristics  are  for  design  guidance  only  and  are  not  subject 
to  test. 

14.  <W0D  =  ±5%. 

15.  From  digital  input  to  90%  of  final  analog-output  current. 

16.  Vref  Aj=  VREF  B  =  +  10V:  OUT  A,  OUT  B  load  =  100n.  Cext  =  13pF. 

17.  WR.  CS  =  0V,  DB0-DB7  =  0V  to  V00  or  VD0  to  0V. 

18.  For  code  transition  00000000  to  11111111. 

19.  VnEF  A.  VREF  B  =  20Vp.p  Sinewave  @  f  =  100kHz. 

20.  Both  DAC  latches  loaded  with  11111111. 

21.  I00  =  500fiA  at  TA  =  Full  Temp.  Range. 

22.  Extrapolated:  t,  (1/2  LSB)  =  tpD  +  6.2r,  where  r  =  the  measured  first  time 
constant  of  the  linal  RC  decay. 
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DICE  CHARACTERISTICS 


1.  ANALOG  GROUND  (AGND) 

2.  OUTPUT  A  (OUT  A) 

3.  DAC  A  FEEDBACK  RESISTOR  (RF0A) 

4.  DAC  A  REFERENCE  INPUT  (VHEFA) 

5.  DIGITAL  GROUND  (DGND) 

6.  DIGITAL  SELECTION  (DAC  A/DAC  B) 

7.  DIGITAL  INPUT  DB7  (MSB) 

8.  DIGITAL  INPUT  DB6 

9.  DIGITAL  INPUT  DB5 

10.  DIGITAL  INPUT  DB4 


11.  DIGITAL  INPUT  DB3 

12.  DIGITAL  INPUT  DB2 

13.  DIGITAL  INPUT  DB1 

14.  DIGITAL  INPUT  DBO  (LSB) 

15.  CHIP  SELECT  (CS) 
IS.  WRITE  (WR) 

17.  POSITIVE  POWER  SUPPLY  (V0D) 

18.  DAC  B  REFERENCE  INPUT  (Vn£fB) 

19.  DAC  B  FEEDBACK  RESISTOR  (RFBB) 

20.  OUTPUT  B  (OUT  B) 


DIE  SIZE  0.086  X  0.092  Inch,  7,192  sq.  mils 
(2.184  X  2.337  mm,  5.105  sq.  mm) 


For  additional  DICE  ordering  Information,  reler 
to  1988  Data  Book,  Section  2. 
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WAFER  TEST  LIMITS  at  VDD  =  +5V  or  +15V,  VnEF  A  =  VREF  B  =  +10V,  OUT  A  =  OUT  B  =  0V;  TA  =  25°C,  unless  otherwise  noted. 


PM-7528G 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Relative  Accuracy 

NL 

Endpoint  Linearity  Error 

±'A 

LSB  MAX 

Differential  Nonlinearity 

DNL 

±1 

LSB  MAX 

Gain  Error 

GFSE 

DAC  Latches  Loaded  with  1 1 1 1 1 1 1 1 

+2 

LSB  MAX 

Output  Leakage 

'iKG 

DAC  Latches  Loaded  with  0000Q000 
Pad  2  and  20 

±50 

nAMAX 

Input  Resistance 

RREF 

Pad  4  and  16 

8/15 

KOMIN/ 
KOMAX 

VREFA/VflEFB  Input 
Resistance  Match 

JVB£PA.B 

±1 

%MAX 

Digital  Input 

2.4 

High 

VlH 

V0D  =  15V 

135 

VM1N 

Digital  Input 
Low 

V,L 

VDD  -  5V 
VDD  =  15V 

08 

1.5 

VMAX 

Input  Current 

'in 

VIN  =  0VorVDD 

±1 

>/A  MAX 

Supply  Current 

'do 

All  Digital  Inputs  V,NS  or  VINH 
All  Digital  Inputs  0V  or  VDD 

1 

0.1 

mA  MAX 

DC  Supply  Rejection 
lAGain/.WDD) 

PSP.P, 

V0D  =  ±5% 

0.02 

%/%  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not  guaranteed  for 

standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V  or  +15V.  VREF  A 

=  VREF  B  =  +10V,  OUT  A  =  OUT  B 

=  0V;TA  =  25°C, 

unless  otherwise  noted.  (Note  13) 

PM-7528G 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

UNITS 

Digital  Input  Capacitance 

C|N 

6 

pF 

Output  Capacitance 

CoutB 

DAC  Latches  Loaded  with  00000000 

22 
22 

pF 

£0UT  A 

CoulB 

DAC  Latches  Loaded  with  1 1 1 1 1 1 1 1 

40 
40 

pF 

Propagation  Delay 

VDD  -  15V 

70 

ns 

(Notes  15. 16.  17) 

<PD 

Vdd  -  5V 

150 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


TOTAL  UNADJUSTED  ERROR 
vs  DIGITAL  INPUT 
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TEST  CIRCUIT 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


VOLTAGE  SWITCHING  MODE  CHARACTERISTICS 
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PARAMETER  DEFINITIONS 
RELATIVE  ACCURACY 

Relative  accuracy,  or  endpoint  nonlinearity,  is  a  measure  of  the 
maximum  deviation  from  a  straight  line  passing  through  the 
endpoints  of  the  DAC  transfer  function.  It  is  measured  after 
adjusting  for  zero  and  full  scale,  and  is  normally  expressed  In 
LSB's  or  as  a  percentage  of  full  scale  reading. 

DIFFERENTIAL  NONLINEARITY 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1  LSB  change  between  any  two  adjacent 
codes.Aspecifieddifferential  nonlinearity  of  ±1  LSB  maximum 
over  the  operating  temperature  range  ensures  monotonicity. 

GAIN  ERROR 

Gain  error,  or  full-scale  error,  is  a  measure  of  the  output  error 
between  an  ideal  DAC  and  the  actual  device  output.  The  ideal 
full-scale  output  is  VREF  minus  1  LSB.  Gain  error  of  both  DAC's 
in  the  PM-7528  is  adjustable  to  zero  with  external  resistance. 

OUTPUT  CAPACITANCE 

Capacitance  from  OUT  A  or  OUT  B  to  AGND. 

DIGITAL  CHARGE  INJECTION 

The  amount  of  charge  injected  from  the  digital  inputs  to  the 
analog  output  when  the  inputs  change  states.  This  is  normally 
specified  as  the  area  of  the  glitch  in  either  pAsecs  or  nvsecs, 
depending  upon  whether  the  glitch  is  measured  as  a  current  or 
voltage  signal.  Digital  charge  injection  is  measured  with  VREF  A, 
VREF  B  =  AGND. 

PROPAGATION  DELAY 

This  is  a  measure  of  the  internal  delays  of  the  circuit.  It  is 
defined  as  the  time  from  a  digital  input  change  to  the  analog 
output  current  reaching  90%  of  its  final  value. 

CHANNEL-TO-CHANNEL  ISOLATION 

The  portion  of  input  signal  from  one  DAC's  reference  input 
which  appears  at  the  output  of  the  other  DAC,  expressed  as 
a  ratio  in  dB. 

DIGITAL  CROSSTALK 

The  glitch  energy  transferred  to  the  output  of  one  converter, 
due  to  a  change  in  digital  input  code  to  the  other  converter, 
specified  in  nVsec. 


AC  FEEDTHROUGH 

AC  signal  due  to  capacitive  coupling  from  VREF  to  output  with 
all  switches  "off." 

INTERFACE  LOGIC  INFORMATION 
DAC  SELECTION 

Both  DAC  latches  share  a  common  8-bit  input  port.  The  control 
input  DAC  A/DAC  B  selects  which  DAC  can  accept  data  from 
the  input  port. 

MODE  SELECTION   

The  Inputs  CS  and  WR  control  the  operating  mode  of  the 
selected  DAC.  See  Mode  Selection  Table  below. 

WRITEMODE  

When  CS  and  WR  are  both  low,  the  selected  DAC  is  in  the  write 
mode.  The  input  data  latches  of  the  selected  DAC  are  trans- 
parent and  its  analog  output  responds  to  the  data  on  the  data  bit 
lines  DB0-DB7. 

HOLD  MODE 

The  selected  DAC  latch  retains  the  data  which  was  present  on 
the  data  lines  just  priorto  CSor  WRassuming  a  high  state.  Both 
analog  outputs  remain  at  the  values  corresponding  to  the  data 
in  their  respective  latches. 

MODE  SELECTION  TABLE 


DAC  A/DAC  B 

CS 

WR 

DAC  A 

DAC  B 

L 

L 

L 

WRITE 

HOLD 

H 

L 

L 

HOLD 

WRITE 

X 

H 

X 

HOLD 

HOLD 

X 

X 

H 

HOLD 

HOLD 

L  =  Low  State     H  =  High  State      X  =  Don't  Care 

CIRCUIT  INFORMATION— D/A  SECTION 

The  PM-7528  contains  two  identical  8-bit  multiplying  digital-to- 
analog  converters,  DAC  A  and  DAC  B.  Each  DAC  includes  a 
stable  thin-film  R-2R  resistor  ladder  and  eight  NMOS  current 
steering  switches.  Figure  1  shows  a  simplified  equivalent  circuit 


WRITE  CYCLE  TIMING  DIAGRAM 


DATA  IN  IDB0-DB7) 


-ICS- 


y 

-+- 


X1= 
2k. 


DATA  IN  STABLE 


-'OH 


X 


■  VDD 


NOTES: 

1.  ALL  INPUT  SIGNAL  RISE  AND  FALL 
TIMES  MEASURED  PROM  10%  TO  00% 
OFV0D. 

Vdd  ■  +5V,  \  •  t(  •  20nt; 

VDD  "  *'8v-  V  "  *f  "  *>"*■ 

2.  TIMING  MEASUREMENT  REFERENCE 
LEVEL  IS  VtH*Vg 
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of  either  DAC.  The  inverted  R-2R  ladder  takes  a  voltage  or 
current  reference  and  divides  it  in  a  binary  manner  among  the 
eight  current  steering  switches.  The  number  of  switches 
selected  to  the  output  (OUT)  add  their  currents  together 
forming  an  analog  output  current  representation  of  the  switch 
selection.  The  DAC  OUT  and  analog  ground  (AGND)  should  be 
maintained  at  the  same  voltage  for  proper  operation.  The 
internal  feedback  resistor  (RFB)  has  a  normally  closed  switch  in 
series  as  shown  in  Figure  1.  This  switch  improves  linearity 
performance  over  temperature  and  power  supply  rejection; 
however  when  the  circuit  is  not  powered  up  the  switch  assumes 
an  open  state. 

FIGURE  1:  Simplified  functional  circuit  for  DAC  A  or  DAC  B. 


DAC  OATA  LATCHES 
AND  OBI  VERS 


EQUIVALENT  CIRCUIT  ANALYSIS 

The  equivalent  circuit  of  DAC  A  shown  in  Figure  2  is  similar  to 
DAC  B.  DAC  A  and  DAC  B  both  share  the  analog  ground  pin  1 
(AGND).  With  all  digital  inputs  high,  the  reference  current  flows 
to  OUT  A.  A  small  leakage  current  Oleakage)  "ows  across 
internal  junctions,  doubling  every  10°C.  The  R-2R  ladder 
termination  resistor  generates  a  constant  1/256  current  which  is 
1  LSB  of  the  reference  current  (Iref)-  Cout  is  the  parallel 
combination  of  the  NMOS  current  steering  switches.  The  value 
of  Cout  depends  on  the  number  of  switches  connected  to  the 
output.  The  range  of  C0ut  is  50pF  to  120pF  maximum.  The 
equivalent  output  resistance  Ro  varies  with  input  code  from 
0.8R  to  3R,  where  R  is  the  nominal  ladder  resistor  of  the  R-2R 
ladder. 

FIGURE  2:  PM-7528  DAC  A  equivalent  circuit.  Ail  digital  inputs 
high. 


CIRCUIT  INFORMATION— DIGITAL  SECTION 

The  digital  inputs  provide  TTL  input  compatibility  (V|NH  =  2.4, 
V,NL  =  0.8V)  when  the  PM-7528  operates  with  VDD  of  +5V.  The 
digital  inputs  effect  the  amount  of  quiescent  supply  current  as 
shown  in  Figure  3.  Peak  supply  current  occurs  as  the  digital 
input  (V|N)  passes  through  the  transition  voltage.  Maintaining 
the  digital  input  voltages  as  close  as  possible  to  the  supplies 
(V°dd  and  DGND)  minimizes  supply  current  consumption. 
When  operating  the  PM-7528  from  CMOS  logic  the  digital 
inputs  are  driven  very  close  to  the  supply  rails,  minimizing 
power  consumption. 

Digital  input  protection  from  electrostatic  discharge  and  electro- 
static buildup  occurs  in  the  input  network  shown  in  Figure  4. 

FIGURE  3:  Typical  plots  of  supply  current,  Iqd  vs  logic  input 
voltage  (V(N),  for  VDD  =  +5V.  +10V.  and  +15V 
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FIGURE  4:  Simplified  equivalent  gate-input  protection  circuit.  One  of  eight  current  switches,  and  its  associated  internal  CMOS- 
drive-clrcuitry,  is  shown. 
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APPLICATIONS  INFORMATION 

The  most  common  application  of  this  DAC  is  voltage  output 
operation.  Unipolar  output  operation  provides  a  0  to  10  volt 
output  swing  when  connected,  as  shown  in  Figure  5.  The 
maximum  output  voltage  polarity  is  the  inverse  of  the  input 
reference  voltage,  since  the  op  amp  inverts  the  input  currents. 

The  transfer  equation  for  unipolar  operation  is  Vout  =  -Vin  x 
D/256,  where  D  is  the  decimal  value  of  the  data  bit  inputs  DBO 
thru  DB7  and  V|N  is  the  reference  input  voltage.  The  transfer 
equation  highlights  another  popular  application  of  CMOS 
DAC's,  multiplication.  The  output  voltage  is  the  product  of  the 
reference  voltage  and  the  digital  input  code.  The  reference 
input  voltage  can  be  any  value  in  the  range  of  ±25  volts  for  both 

FIGURE  5:  Dual  DAC  Unipolar  Binary  Operation  (2  Quadrant  Multiplication).  See  Table  1. 


DC  or  AC  signals.  The  circuit  in  Figure  5  performs  two-quadrant 
multiplication.  Table  1  provides  exampleanalog  outputs  for  the 
given  digital  input  codes. 

For  bipolar  output  operation  connect  the  PM-7528  as  shown  in 
Figure  6.  This  circuit  configuration  provides  an  offset  current, 
derived  from  the  reference,  to  enable  the  output  op  amp  to 
swing  in  both  polarities.  The  digital  input  coding  becomes 
offset  binary.  Table  2  provides  some  example  analog  outputs  for 
various  digital  inputs  (D).  The  transfer  equation  for  bipolar 
operation  is  Vout  =  VIN  X  (D/128  -  1),  where  D  is  the  decimal 
value  of  the  data  bit  inputs  DBO  thru  DB7.  This  circuit  provides 
full  four-quadrant  multiplication  able  to  accept  both  polarities 
on  all  inputs  as  well  as  the  circuit  output. 
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TABLE  1:  Unipolar  Binary  Code  Table.  See  Figure  S. 


TABLE  2:  Bipolar  (Offset  Binary)  Code  Table.  See  Figure  6. 


DAC  LATCH  CONTENTS 
MSB  LSB 

ANALOG  OUTPUT 
(DAC  A  or  DAC  B) 

DAC  LATCH  CONTENTS 
MSB  LSB 

ANALOG  OUTPUT 
(DAC  A  or  DAC  B) 

11111111 

MS) 

11111111 

+V,N 

( 12a) 

1000000  1 

MS) 

1000000  1 

+V|N 

(lis) 

10000000 

MS)-* 

10000000 

0 

0  1111111 

MS) 

0  1111111 

-V|N 

(lis) 

00000001 

Mas) 

00000001 

-V,N 

(lis) 

00000000 

Ms)-' 

00000000 

"V,N 

\  128  ^ 

NOTE:  1  LSB  =  (2-8)(VIN)  =  ^(V,N) 


NOTE:  1  LSB  =  (2-7)(V|N)=^(V,N) 


FIGURE  6:  Dual  DAC  Bipolar  Operation  (4  Quadrant  Multiplication).  See  Table  2. 
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NOTES: 
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SEE  TABLE  IN  FIGURE  S  FOR  RECOMMENDED  VALUES. 

ADJUST  R1  FOR  V0UT  A  -  0V  WITH  CODE  10000OO0  IN  DAC  A  LATCH. 

ADJUST  03  FOR  VquJ  q  "  <>v  WITH  CODE  10000000  EN  OAC  B  LATCH. 
1  MATCHING  ANO  TRACKING  IS  ESSENTIAL  FOR  RESISTOR  PAIRS 

R9.R7  ANO  R9,  RIO. 
*  CI,  C2  PHASE  COMPENSATION  (lOpF-lSpF)  MAY  BE  REQUIRED  tF  A1/A3 

IS  A  HIGH-SPEED  AMPLIFIER. 
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APPLICATION  HINTS 

To  ensure  system  performance  consistent  with  PM-7528  specifi- 
cations, careful  attention  must  be  given  to  the  following  points: 

1.  GENERAL  GROUND  MANAGEMENT:  AC  or  transient 
voltages  between  the  PM-7528  AGND  and  DGND  can 
cause  noise  injection  into  the  analog  output.  The  simplest 
method  of  ensuring  that  voltages  at  AGND  and  DGND  are 
equal,  is  to  tie  AGND  and  DGND  together  at  the  PM-7528. 
In  more  complex  systems  where  the  AGND-DGND  con- 
nection is  on  the  back-plane,  it  is  recommended  that  diodes 
(1N914  or  equivalent)  be  connected  in  inverse  parallel 
between  the  PM-7528  AGND  and  DGND  pins. 

2.  OUTPUT  AMPLIFIER  OFFSET:  CMOS  DACs  exhibit  a 
code-dependent  output  resistance  which  in  turn  causes  a 
code-dependent  amplifier  noise  gain.  The  effect  is  a  code- 
dependent  differential  nonlinearity  term  at  the  amplifier 
output  with  a  maximum  magnitude  of  0.67  Vos  (Vos  is 
amplifier  input-offset  voltage).  This  differential  nonlinearity 
term  adds  to  the  R/2R  differential  nonlinearity.  To  maintain 
monotonic  operation,  it  Is  recommended  that  amplifier  V0s 
benogreaterthan  10%of  1  LSB  over  the  temperature  range 
of  interest. 

3.  HIGH-FREQUENCY  CONSIDERATIONS:  The  output 
capacitance  of  a  CMOS  DAC  works  in  conjunction  with  the 
amplifier  feedback  resistance  to  add  a  pole  to  the  open-loop 
response;  this  can  cause  ringing  or  oscillation.  Stability  can 
be  restored  by  adding  a  phase-compensation  capacitor  in 
parallel  with  the  feedback  resistor. 

4.  DYNAMIC  PERFORMANCE:  The  dynamic  performance  of 
the  two  DACs  in  the  PM-7528  will  depend  upon  the  gain  and 
phase  characteristics  of  the  output  amplifiers,  together  with 
the  optimum  choice  of  the  PC  board  layout  and  decoupling 
components. 

5.  CIRCUIT  LAYOUT  SUGGESTIONS:  Analog  and  digital 
ground  traces  should  be  routed  between  package  pins  to 
isolate  the  digital  inputs  from  the  analog  circuitry.  Analog 
ground  traces  should  also  be  placed  between  pins  17-18, 
18-19,  3-4,  4-5  to  minimize  reference  feedthrough  to  the 
output  in  multiplying  applications.  A  power  supply  bypass 
capacitor  (0.1/jF)  is  recommended  across  VDD  to  DGND. 

SINGLE  SUPPLY  OPERATION,  VOLTAGE  SWITCHING 

With  the  PM-7528  connected  in  the  voltage  switching  mode  of 
operation,  Figure  7,  only  one  power  supply  is  necessary.  There 
is  no  voltage  inversion  between  the  reference  input  polarity  and 
the  output  in  the  voltage  switching  mode. 

Two  characteristic  curves  in  the  typical  performance  character- 
istics section  were  generated  using  this  voltage  switching  mode 
of  operation.  The  first  graph,  linearity  error  versus  input 
reference  voltage,  shows  that  to  maintain  a  ±  1/2  LSB  maximum 
linearity  error,  VBEFshould  be  less  than  1.5  volts  for  Vdd= 5  volts 
or  less  than  6  volts  for  VDrj  =  15  volts.  The  gain-phase  response 
graph  shows  a  dominant  pole  response  for  single  supply 
applications  where  the  reference  input  is  an  AC  signal.  In  this 
application  the  reference  input  should  remain  between  1.5  volts 
and  ground  when  VDd  =  5  volts.  Additionally  settling  time 
measures  400  to  500  nano  seconds  for  a  digital  input  change  of 
255  toO  when  VDD=5V. 


The  output  terminal  in  the  voltage  switching  mode  has  a 
constant  output  resistance  (~ 11 K  n)  independent  of  the  digital 
input  code.  The  output  should  be  buffered  with  a  voltage 
follower  when  driving  low  impedance  loads. 

FIGURE  7:  PM-7528  in  Single  Supply,  voltage 
Switching  Mode 


-OV0UT 


SINGLE  SUPPLY,  CURRENT  SWITCHING 

An  alternate  single-supply  operating  mode  of  the  PM-7528 
results  when  offsetting  the  analog  ground.  Figure  8  shows  the 
method  of  connection.  The  advantage  of  this  connection 
method  is  the  ability  to  set  the  output  voltage  swing  in  the 
center  of  the  supply  voltage.  This  allows  use  of  lower  cost  op 
amps  that  would  not  work  in  single-supply  voltage-switching 
applications. 

The  transfer  equation  in  this  mode  of  operation  is; 

Vout(D)  =  D/256  (AGND  -  VREF)  +  AGND 

where  D  is  the  whole  number  binary  input 

A  popular  connection  in  the  current-steering  single-supply 
mode  consists  of  a  2.5  volt  reference  connected  to  AGND,  the 
VrEF  input  grounded,  Voo connected  to  5  volts  and  the  external 
(V+)  op  amp  tied  to  12  volts.  This  hookup  results  in  the 
following  transfer  equation; 

V0ut(D)=  2.5(1  +  D/256) 

where  V0Ut  (255)  =  2.5  (1  +  255/256)  =  5V 
Vout  (0)  =  2.5V 

To  maintain  best  linearity  keep  AGND  equal  to  or  less  than  2.5 
volts  when  Vqo  is  5  volts. 


FIGURE  8:  PM-7528  in  Single  Supply,  Current-Steering  Mode 
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PROGRAMMABLE  WINDOW  COMPARATOR 

A  programmable  window-comparator  in  Figure  9  will  determine 
if  voltage  inputs  applied  to  the  DAC  feedback  resistors  are 
within  limits  programmed  into  the  PM-7528  data  latches.  The 


input  signal  range  depends  on  the  reference  and  polarity,  that  is 
the  test  input  range  is  0  to  minus  VREF.  The  A  and  B  data  latches 
are  programmed  with  the  upper  and  lower  test  limits.  A  signal 
within  the  programmed  limits  will  drive  the  output  to  logic  high. 


FIGURE  9:  Digitally  Programmable  Window  Comparator  (Upper  and  Lower  Limit  Detector). 
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FIGURE  10:  PM-7528  Dual  DAC  to  6800  CPU  Interface. 
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FIGURE  11:  PM-7528  Dual  DAC  to  8085  CPU  Interface. 


ADDRESS  BUS 


1£ 


3 


ADDRESS 
DECODE 
LOGIC 


>•— —  DAC  A/DAC  B 

y~\  «  |paca) 


PM-752B' 
I DAC  B  ) 


DBO 
DB7 


AODR/DATA  BUS 


•  ANALOG  CIRCUITRY  HAS  SEEN  OMITTED  FOR  CLARITY. 
••  A  ■  DECODED  752B  ADDR  DAC  A 
A  *  1  ■  DECODED  7528  AOOR  DAC  B 

NOTE: 

8D85  INSTRUCTION  SKLD  (STOHE  H  &  L  DIRECT)  CAN  UPDATE 
BOTH  DACS  WITH  DATA  FROM  H  AND  L  REGISTERS  . 


11-237 


8/87,  Rev.  C 


-miy 


PM-7S28  DUAL  8-BIT  BUFFERED  MULTIPLYING  CMOS  D/A  CONVERTER 


DIGITALLY  CONTROLLED  SIGNAL  ATTENUATOR 

Figure  12  shows  the  PM-7528  configured  as  a  two-channel 
programmable  attenuator.  Applications  include  stereo,  audio, 
and  telephone  signal-level  control  applications.  In  order  to 


generate  logarithmic  attenuation,  Table  4  was  generated  based 

on  the  equation: 

,    ,„„       /  -Attenuation  (dB)  \ 
Digital  Input  =  256  x  exp  ^  ^ — - — -J 


FIGURE  12:  Digitally-Controlled  Dual  Telephone  Attenuator. 
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TABLE  4:  Attenuation  vs.  DAC  A,  DAC  B  Code  for  the  Circuit  of  Figure  12 


ATTN.  dB 

DAC  INPUT  CODE 

CODE  IN 
DECIMAL 

ATTN.  dB 

DAC  INPUT  CODE 

CODE  IN 
DECIMAL 

0 

11111111 

255 

8.0 

0  1100110 

102 

0.5 

11110010 

242 

8.5 

01100000 

96 

1.0 

11100100 

228 

9.0 

010  11011 

91 

1.5 

11010111 

215 

9.5 

0  10  10110 

86 

2.0 

110  01011 

203 

10.0 

01  010001 

81 

2.5 

11000000 

192 

10.5 

01001100 

76 

3.0 

10110101 

181 

11.0 

01001000 

72 

3.5 

1010  10  11 

171 

11.5 

01000100 

68 

4.0 

10  100010 

162 

12.0 

01000000 

64 

4.5 

1001 1000 

152 

12.5 

00111101 

61 

5.0 

10010000 

144 

13.0 

001 1 1 001 

57 

5.5 

10001 000 

136 

13.5 

00110110 

54 

6.0 

10000000 

128 

14.0 

00110011 

51 

6.5 

01111001 

121 

14.5 

001 1 0000 

48 

7.0 

01110010 

114 

15.0 

00101110 

46 

7.5 

0  110  1100 

108 

15.5 

00101011 

43 
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CMOS  LOW  COST  10-BIT  MULTIPLYING 
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Precision  Monolith  ics  Inc. 


FEATURES 

•  10-Bit  Resolution 

•  Full  Four-Quadrant  Multiplication 

•  Nonlinearity:  1/2  or  1  LSB 

•  TTL/CMOS  Compatible 

•  Improved  Gain  Error  and  Linearity  Error  from  +5V  to  +15V 

•  Low  Power  Consumption 

•  Low  Feedthrough  Error 

•  Low  Cost 

•  AD7520  and  AD7533  Replacement 

•  Full  Temperature  Operation 

•  Improved  ESD  Protection 

APPLICATIONS 

•  Digital/Synchro  Conversion 

•  Programmable  Gain  Amplifiers 

•  Ratiometric  A/D  Conversion 

•  Function  Generator 

•  CRT  Graphics  Generator 

•  Digitally-Controlled  Attenuator 

•  Digitally- Controlled  Power  Supplies 

•  Digital  Filters 

•  Linear  Automatic  Gain  Control 


ORDERING  INFORMATION! 


PACKAGE:  16-PIN 

NONLINEARITY 

MILITARY*  INDUSTRIAL 
TEMPERATURE  TEMPERATURE 
-55"C  to  +1WC  -25*Cto+B5*C 

COMMERCIAL 
TEMPERATURE 
0°Cto+70°C 

±0.1*  (±1  LSB) 
+0.05%  (±1/2  LSB) 

PM7533BQ  PM7533FQ 
PM7533AQ  PM7533EQ 

PM7S33HP 
PM7533GP 

*  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after 
part  number.  Consult  factory  lor  883  data  sheet. 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book,  Section  2. 


CROSS  REFERENCE 


TEMPERATURE 

PMI 

AOI 

RANGE 

PM7533AO 

AD7533UD 

PM7533BQ 

AD7533TD 

MILITARY 

PM7533BQ 

A07S33SO 

PM7533EO 

AD7533CD 

PM7533FO 

AD7533BD 

INDUSTRIAL 

PM7533FO 

AD7S33AD 

PM7533GP 

AD7533LN 

PM7533HP 

AD7533KN 

COMMERCIAL 

PM7533HP 

AD7533JN 

GENERAL  DESCRIPTION 

The  PM-7533  is  a  10-bit  4-quadrant  multiplying  DAC.  It  is 
manufactured  using  thin  film  on  an  oxide-isolated,  silicon- 
gate,  monolithic  CMOS  wafer  fabrication  process.  PMI's 
advanced  thin-film  resistor  processing  provides  true  10-bit 
linearity  and  excellent  long-term  stability  without  laser 
trimming. 

The  PM-7533  is  pin  and  function  equivalent  to  the  AD7520 
and  AD7533. 

The  PMI  PM-7533  applications  flexibility  allows  direct  inter- 
face to  TTL  or  CMOS  circuitry  and  operation  from  +5V  to 
+15V  power  supplies.  Output  scaling  is  provided  by  the  inter- 
nal feedback  resistor  and  an  external  op  amp;  both  positive 
and  negative  reference  voltages  can  be  accommodated. 

PIN  CONNECTIONS 


'OUTI  Ll  • 

]«]  R FEEDBACK 

'0UT2  (Z 

«]  VREF 

GND  [T 

«]  V0D 

BIT  1  (MSB)  fT 

3?]  BIT  10  (LSB) 

BIT  2  fT 

w]  BIT  8 

BIT  3  fT 

11]  BIT  8 

BIT4  fT 

75]  BIT  7 

BITS  [T 

TJ  BIT  6 

16-PIN  EPOXY  DIP 
(P-Suffix) 

16-PIN  HERMETIC  DIP 
(O-Suffix) 


FUNCTIONAL  DIAGRAM 


T  lOkll 
I— ArV— O 


-O  "0UT2 
■O  l0UT1 

FEEDBACK 


DIGITAL  INPUTS  (DTI  rTTL /CMOS  COMPATIBLE) 
(SWITCHES  SHOWN  FOR  OIGITAL  INPUTS  "HIGH"! 
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ABSOLUTE  MAXIMUM  RATINGS  (TA  =  +25°C,  unless 


otherwise  noted) 

VDD(toGND)   -0.3V,  +17V 

VREF  (to  GND)  +25V 

RFB  (to  GND)   ±2SV 

Digital  Input  Voltage  Range    -0.3V  to  Vod 

Output  Voltage  (Pin  1.  Pin  2)    -0.3VtoVOo 

Power  Dissipation  (Package) 
Ceramic  (Suffix  Q) 

To  +70°C   450mW 

Derates  Above  +75°C  By   6mW/"C 

Plastic  (Suffix  P) 

To  +70°C   670mW 

Derates  Above  +70°C  By   8.3mW/°C 

Operating  Temperature  Range 

Military  (AQ,  BQ  Versions)    -55°C  to +125°C 

Industrial  (EQ,  FQ  Versions)  -25°C  to  +85°C 

Commercial  (GP,  HP  versions)    0"C  to  +70°C 


Dice  Junction  Temperature   +150°C 

Storage  Temperature    -65"C  to  +150"C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 

CAUTION 

1.  Do  not  apply  voltages  higher  than  VDD  or  less  than  GND  potential  on  any 
terminal  except  VREF  (Pin  15)  and  RFB  (Pin  16). 

2.  The  digital  control  inputs  are  zener  protected,  however,  permanent 
damage  may  occur  on  unconnected  units  Irom  high  energy  electrostatic 
fields.  Keep  units  in  conductive  loam  at  all  times  until  ready  to  use. 

3.  Use  proper  anti-static  handling  procedures. 

4.  Absolute  Maximum  Ratings  apply  to  both  packaged  devices  and  DICE. 
Stresses  above  those  listed  under  Absolute  Maximum  Ratings  may  cause 
permanent  damage  to  the  device. 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +1SV,  Vref  =  +10V.  AGND  =  DGND  =  0V.  V0Uti  =  VOUT2  =  0V.  TA  =  -55°C 
to  +125°C  apply  for  PM-7533AQ/BQ,  TA  =  -25°C  to  +85°C  apply  for  PM-7533EQ/FQ.  TA  =  0°C  to  +70°C  apply  for 
PM-7533GP/HP,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

PM-7S33A/E/G 
MIN     TYP  MAX 

PM-7S33B/F/H 
MIN     TYP  MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

10 

10 

Bits 

Relative  Accuracy 
(Note  1) 

INL 

±0.05 
(±1/2) 

±0.1 
(±1) 

%FSR 
(LSB) 

Differential  Nonlfnearity 
(Note  12) 

DNL 

±0.1 
(±1) 

±0.1 
(±1) 

%FSR 
LSB 

Gain  Error 
(Notes  2. 3) 

GFSE 

TA=+25'C 

TA=  Full  Temp.  Range 

±1.4 
(±14) 

±1.5 
(±15) 

±1.4 

(±w> 

±1.5 
(±15) 

%FS 
(LSB) 

%FS 
(LSB) 

Power  Supply  Rejection 
AGain/AVOD(Note4) 

PSRR 

TA  =  +2S"C 

TA=  Full  Temp.  Range 

0.005 
0.008 

0.005 
0.008 

%/% 

Output  Leakage  Current 
'outi  (Pin  1)  (Note  6) 

'lkgi 

TA  =  +25"C 

TA  -  Full  Temp.  Range 

±50 
±200 

±50 
±200 

nA 

Output  Leakage  Current 
'ouT2(Pi"2)(No'»7) 

'LKG2 

TA  =  +25"C 

TA  =  Full  Temp.  Range 

±50 
±200 

±50 
±200 

nA 

DYNAMIC  ACCURACY 

Output  Current 
Settling  Time  (Notes  5, 6) 

>S 

TA  =  +25*C  (Note  10) 
TA  =  Full  Temp.  Range 

600 
800 

600 
800 

ns 

Feedthrough  Error 
(Notes  5. 10) 

FT 

TA  =  +25"C 

TA  =  Full  Temp.  Range 

±0.05 
±0.1 

±0.05 
±0.1 

WFSR 

REFERENCE  INPUT 

Reference  Input 
Resistance 
(Pin  15)  (Note  11) 

R|N 

5 

20 

5 

20 

kfl 

ANALOG  OUTPUTS 

Output  Capacitance 
(Note  5) 

Couti 
C0UT2 

Digital  Inputs  =  V[NH 

100 
35 

220 
60 

pF 

Output  Capacitance 
(Note  5) 

COUTt 
COUT2 

Digital  Inputs  -  VINL 

60 
100 

120 
165 

pF 
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ELECTRICAL  CHARACTERISTICS  at  VDD  =  +15V,  VREF  =  +10V,  AGND  =  DGND  =  OV,  V0Uti  =  V0UT2  =  OV,  TA  =  -55°C 
to  +125°C  apply  for  PM-7533AQ/BQ,  TA  =  -25°C  to  +85°C  apply  for  PM-7533EQ/FQ,  TA  =  0°C  to  +70°C  apply  for 
PM-7533GP/HP,  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

PM-7533A/E/G 
MIN     TYP  MAX 

PM-7533B/F/H 
MIN     TYP  MAX 

UNITS 

DIGITAL  INPUTS 

Digital  Input  High 

VlNH 

2.4 

2.4 

V 

Digital  Input  Low 

V,NL 

0.8 

0.8 

V 

Input  Leakage 
Current 

l|N 

V,N  =  0VandVDD 

±1 

+1 

fA 

Input  Capacitance 
(Note  S) 

CIN 

10 

10 

PF 

POWER  REQUIREMENTS 

Power  Supply  Voltage 

V0D 

+15  ±10% 

+15  ±10% 

V 

Power  Supply 
Voltage  Range 

PSR 

Accuracy  Is  not  guaranteed 
over  thla  range 

+5 

+16 

+5 

+16 

V 

Supply  Current 

'OD 

Digital  Inputs  =  VINL  or  VlNH 

2 

2 

mA 

NOTES: 

1.  "FSR"  is  full-scale  range. 

2.  Full-scale  (FS)  =  -(VREF|  /*023  \  ;  Digital  Inputs  =  VINH. 


3.  Maximum  gain  change  Irom  TA  =  +2S°C  to  TMIN  or  TMAX  is  ±0.1%  FSR. 

4.  Digital  inputs  =  V,NH.  V00  =  +14V  to  +17V. 

5.  Guaranteed  and  not  tested. 

6.  Digital  inputs  -  VjNL. 

7.  Digital  inputs  =  VjNH. 

S.  Settles  to  0.05%  FSR;  Rload=  10011;  digital  inputs  =  V,NH  to  V!NL  or  V,NLto 

V,NH- 

9.  AC  parameters  sample  tested  to  ensure  spec  compliance. 

10.  Digital  input  =  V,NL:  VBEF  =  20VP.P.  I  =  100kHz  Slnewave. 

11.  Absolute  temperature  coetficient  is  approximately  +50ppm/°C. 
12  All  grades  guaranteed  monotonia 


11-241 


8/87,  Rev.  A2 


pmiV 


PM-7533  CMOS  LOW  COST  10-BIT  MULTIPLYING  D/A  CONVERTER 


DICE  CHARACTERISTICS 


1. 

CURRENT  OUTPUT  1 

2. 

CURRENT  OUTPUT  2 

if 

3. 

GROUND 

4. 

DIGITAL  INPUT  BIT  1  (MOST  SIGNIFICANT  BIT) 

LJ 

5. 

DIGITAL  INPUT  BIT  2 

r , 

6. 

DIGITAL  INPUT  BIT  3 

7. 

DIGITAL  INPUT  BIT  4 

6. 

DIGITAL  INPUT  BIT  5 

9. 

DIGITAL  INPUT  BIT  6 

10. 

DIGITAL  INPUT  BIT  7 

CD 

11. 

DIGITAL  INPUT  BIT  8 

12. 

DIGITAL  INPUT  BIT  9 

13. 

DIGITAL  INPUT  BIT  10  (LEAST  SIGNIFICANT  BIT) 

14. 

POSITIVE  POWER  SUPPLY 

15. 

REFERENCE  INPUT  VOLTAGE 

16. 

INTERNAL  FEEDBACK  RESISTOR 

DIE  SIZE  0.102  X  0.100  inch,  10,200  sq.  mils 
(2.591  X  2.540  mm,  6.58  sq.  mm) 


For  additional  DICE  ordering  Information,  refer 
to  19BB  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  VDD 

=  +15V.  Vref 

=  +10V.  AGND  =  DGND  =  0V,  V0UTt 

=  V0UT2  =  0V,  TA  = 

+25°C,  unless  otherwise 

noted. 

PM-7533G 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

10 

Bits  MIN 

Relative  Accuracy 

INL 

+0.1 

^  FSR  MAM 

(Notes  1.  2) 

(±1) 

IL5B) 

Deferential  Nonlinearity 
(Note  10) 

DNL 

+  0.1 
(±1) 

(L3B) 

Gain  Error 
(Notes  2.  3.  4) 

GFSE 

+  1.4 
(±M) 

USB] 

Power  Supply  Rejection 
JGain/jiV0D  (Notes  2.  5.  6] 

PSR 

0.005 

%/%  MAX 

Output  Leakage  Current 
1 0UT,  (Notes  2.  7) 

'iKGl 

±50 

nA  MAX 

Output  Leakage  Current 
l0UT2  (Notes  2.  8) 

'lkG2 

±50 

nA  MAX 

REFERENCE  INPUT 

Relerence  Input 
Resistance  (Notes  2.  9) 

RIN 

5/20 

ktl  MIN/MAX 
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WAFER  TEST  LIMITS  at  VDD  =  +15V.  VBEF  =  +10V,  AGND  =  DGND  =  OV,  V0UT1 : 
noted.  (Continued) 


Vqut2  =  OV,  TA  =  +25°C,  unless  otherwise 


PARAMETER 

SYMBOL 

CONDITIONS 

PM-7533G 

LIMIT 

UNITS 

DIGITAL  INPUTS 

Digital  Input  High 
(Note  2) 

V,NH 

2.4 

VMIN 

Digital  Input  Low 
INote  2) 

V,NL 

0.8 

VMAX 

Input  Leakage  Current 
(Note  2) 

'IN 

V|N  =  0VandVDO 

±1 

,iA  MAX 

POWER  REQUIREMENTS 

Power  Supply  Voltage 

Vdd 

+15  +1C* 

VMAX 

Supply  Current  (Note  2) 

'OD 

Digital  Inputs  -  VNL  or  VINH 

2 

mAMAX 

NOTES: 

1.  "FSR"  Is  lull-scale  range. 

2.  DICE  final  electrical  tests  ere:  relative  accuracy,  gain  error,  output  leakage 
current.  V,NH,  VINL.  PSR.  RiN.l,N  and  lDD at  +25°C. 

3.  Full-scale  (FS)  =  -(VREF)  |H»3  \  ;  Digital  inputs  =  V,NH. 

V  1024/ 

4.  Maximum  gain  change  from  TA  =  +25°C  to  TMIN  or  TMAX  Is  ±0.1%  FSR. 


5.  DIgilol  inputs  =  V|NH.  VDD  «■  +14V  to  +17V. 

6.  Guaranteed  and  not  tested. 

7.  Digital  inputs  =  VtNL. 

8.  Digital  inputs  13  VINH. 

9.  Absolute  temperature  coefficient  is  approximately  +300ppm/°C. 
10.  Guaranteed  monotonic. 


Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  venations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


BURN-IN  CIRCUIT 


"Rtf  O— -AV- 


-HP 


1 


NOTES: 

1.  ct  -  C2  -  4.7*F  Tantalum  sov  everv  loth  device. 

2.  C3  •  C4  ■  O.OljiF  CERAMtC  fiOV  EVERY  10th  OEVtCE. 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


RELATIVE  ACCURACY 
(NONLINEARITY)  vsVREF 
i  r 

+25*C 

"+BVTO+16V 


RELATIVE  ACCURACY 
(NONLINEARITY)  vs 
DIGITAL  CODE 


GAIN  ERROR  vs 
SUPPLY  VOLTAGE 


266  SI2  760 

DIGITAL  CO0E  (OECIMAU 


VDD  (VOITSI 


GAIN  ERROR  vs  VREF 


RELATIVE  ACCURACY 
(NONLINEARITY)  vs 
DIGITAL  CODE 


1 

TA  -  »25*C 
VDD-*1SV 

VHEF'+1 

LINEARITY  ERROR  vs 
SUPPLY  VOLTAGE 


\ 

250  512  76S 

DIGITAL  CODE  (OECIMAU 


V00  IvOLTSI 


VREF  FREQUENCY 
RESPONSE 

-rrni 


LOGIC  INPUT  THRESHOLD 
VOLTAGE  vs 
SUPPLY  VOLTAGE  (VDD) 


1 

TA  -  >25'C 
-VMf  -.10V  

1 

WINH  '--"^V 

 i  X 

| 

FREQUENCY  (MH<) 


10  IS 
VDD(VOLTSI 
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DEFINITIONS 

RESOLUTION 

The  resolution  of  a  DAC  is  the  number  of  states  (2n)  that  the 
full-scale  range  (FSR)  is  divided  (or  resolved)  into,  where  n  is 
equal  to  the  number  of  bits.  Resolution  in  no  way  implies 
linearity. 

RELATIVE  ACCURACY 

Relative  accuracy  or  end-point  (nonlinearity)  isa  measure  of 
the  maximum  deviation  from  a  straight  line  passing  through 
the  end-points  of  the  DAC  transfer  function.  It  is  measured 
after  adjusting  for  ideal  zero  and  full-scale  and  is  expressed 
in  %  or  ppm  of  full-scale  range  or  (sub)  multiples  of  1  LSB. 

SETTLING  TIME 

Time  required  for  the  output  function  of  the  DAC  to  settle  to 
within  1/2  LSB  for  a  given  digital  input  stimulus,  i.e.,  zero  to 
full  scale. 
GAIN 

Ratio  of  the  DAC's  external  operational  amplifier  output 
voltage  to  the  VREF  input  voltage  when  using  the  DAC's 
internal  feedback  resistor. 

GAIN  ERROR 

Gain  error  or  full-scale  error  is  a  measure  of  the  output  error 
between  an  ideal  DAC  and  the  actual  device  output. 

FEEDTHROUGH  ERROR 

Error  caused  by  capacitive  coupling  from  VREFto  output  with 
all  switches  off. 

OUTPUT  CAPACITANCE 

Capacitance  from  Iouti  and  'out2  terminals  to  ground. 
OUTPUT  LEAKAGE  CURRENT 

Current  which  appears  on  Iouti  terminal  with  all  digital 
inputs  low  or  on  Iout2  terminal  when  all  inputs  are  high. 

CIRCUIT  DESCRIPTION 

The  PM-7533  is  a  10-bit  multiplying  D/A  converter.  Itconsists 
of  a  silicon-chrome  thin-film  R-2R  resistor  ladder  network 
and  ten  pairs  of  NMOS  current  steering  switches,  all  on  a 
monolithic  chip.  The  NMOS  current  steering  switches  are 
controlled  by  CMOS  inverters.  Most  applications  require  the 
addition  of  only  an  operational  amplifier  and  a  current  or 
voltage  reference. 

FIGURE  2:  CMOS  Switch 


An  inverted  R-2R  ladder  network  in  a  simplified  D/A  con- 
verter circuit  is  shown  in  Figure  1 .  The  current  through  each 
ladder  leg  is  switched  between  Iouti  and  'out2  under  the 
control  of  the  digital  inputs.  This  allows  a  constant  current  to 
be  maintained  in  each  ladder  leg  regardless  of  the  digital- 
input  switch  states. 

The  design  incorporates  a  matching  MOS  transistor  in  series 
with  the  feedback  and  terminating  resistors.  These  MOS 
transistors,  shown  as  switches  in  Figure  1,  provide  improved 
gain  and  linearity  performance  over  the  operating  tempera- 
ture range.  The  resulting  typical  gain  temperature  coefficient 
is  2ppm/°C. 

FIGURE  1:  Simplified  DAC  Circuit 


DIGITAL  INPUTS  IDlL/TILfCMOS  COMPATIBLE! 
(SWITCHES  SHOWN  'OR  DIGITAL  INPUTS  "HIGH"! 


Figure  2  shows  one  of  ten  digital  input  CMOS  inverters 
driving  an  NMOS  switch.  The  size  of  devices  1,  2,  and  3  are 
optimized  to  make  the  digital  inputs  DTL/TTL/CMOS  com- 
patible over  the  full  military  temperature  range.  The  input 
stage  drives  the  two  inverters  (4,  5)  and  (6,  7),  which  drives 
the  two  NMOS  switches  (8  and  9).  The  switch  "ON"  resis- 
tances are  binarily-scaled  so  that  the  voltage  drop  across 
each  switch  is  the  same;  that  is,  switch  S1  in  Figure  1  (8  and  9 
of  Figure  2)  was  designed  for  an  "ON"  resistance  of  20  ohms, 
switch  S2for40ohms,  etc.  With  a  10V  reference  input,  switch 
S1  current  is  0.5mA,  switch  S2  is  0.25mA,  etc.  This  will 
maintain  a  constant  10mV  drop  across  each  switch.  It  is 
essential  that  each  switch  voltage  drop  be  equal  so  that  the 
D/A  converter  accuracy  is  maintained. 
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EQUIVALENT  CIRCUIT  ANALYSIS 

Figures  3  and  4  show  equivalent  circuits  of  the  DAC  with  all 
digital  inputs  high  and  low  respectively.  With  all  digital  inputs 
in  the  high  state  as  shown  in  Figure  3,  the  reference  current  is 
switched  to  the  loim  terminal,  and  the  Iout2  terminal  is 
open-circuited.  Only  the  output  capacitance,  surface, 
leakages,  and  junction  leakages  appear  at  the  l0uT2terminal. 
The  1/1024  current  source  is  a  constant  1-bit  current  drain 
through  the  termination  resistor  of  the  R-2R  ladder  network. 
The  I 

leakage  current  source  represents  a  combination  of 
surface  and  junction  leakages  to  the  substrate.  The  "ON" 
capacitance  of  the  output  NMOS  switch  is  higher  on  the 
loim  terminal  when  all  digital  inputs  are  high  (MOS  tran- 
sistor gate  capacitance  increases  with  applied  gate  voltage). 

FIGURE  3:  Equivalent  DAC  Circuit 
(All  digital  inputs  HIGH). 


-°  "feedback 


-o  Iquti 


|  Q  'leakage  t 


-0'0UT2 


r 


FIGURE  4:  Equivalent  DAC  Circuit 
(All  digital  inputs  LOW). 


r 


-O'OUTZ 


When  the  conditions  are  reversed  with  all  digital  inputs  low  as 
shown  in  Figure  4,  the  Iouti  terminal  is  open-circuited  and 
the  current  is  directed  towards  the  Iqut2  terminal. 

APPLICATIONS  INFORMATION 

Figure  5  shows  a  simple  unipolar  circuit  using  the  PM-7533. 
Resistors  R1  and  R2  are  used  to  trim  for  full  scale.  Full-scale 
output  voltage  =  -VREF  X  (1023/1024)  with  all  digital  inputs 
high.  Full  scale  can  also  be  adjusted  using  VREF  thereby 
eliminating  resistorsRI  and  R2.  In  many  applications,  R1  and 
R2  are  not  required.  Zero-scale  output  voltage  (with  all 
digital  inputs  low)  should  be  adjusted  to  less  than  10%  of  1 
LSB  using  the  op  amp  offset  adj  ust.  This  will  help  to  keep  the 
nonlinearity  errors  to  a  minimum.  Capacitor  C1  provides 
phase  compensation  and  helps  prevent  overshoot  and  ringing 
when  using  high-speed  op  amps. 

The  circuit  of  Figure  5  can  be  used  either  as  a  fixed  reference 
digital-to-analog  converter,  or  can  be  used  with  an  AC  signal 
at  the  Vref  terminal.  Used  with  a  fixed  reference  voltage,  the 
output  voltage  range  will  be  from  zero  to  -VREF,  (the  op  amp 
inverts  the  voltage).  The  circuit  behaves  as  an  attenuator 
when  used  with  an  AC  VREF  signal.  The  input  voltage  range  is 
±20V,  but  this  voltage  will  be  limited  by  the  op  amp  voltage 
range.  The  digital-input-code  versus  analog-output-voltage 
is  shown  is  Table  1.  The  transfer  function  is: 


V0 


-  _w      /  A1  j.  A2  -l        A10  \ 


where  A, . . .  A10  assumes  a  value  of  1  for  an  ON  bit  and  0  for 
an  OFF  bit. 

FIGURE  5:  Unipolar  Binary  Operation 
(2-Quadrant  Multiplication) 


'«F  PM-7533 


"=T  ANALOG 
COMMON 


NOTES: 

1.  fll  AND  R2  USED  ONLY  IF  GAIN  ADJUSTMENT  IS  REQUIRED. 

2.  CI  MAY  BE  REQUIRED  WHEN  USING  HIGH  SPEED  OP  AMPS. 
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TABLE  1:  Unipolar  Binary  Code  Table 


DIGITAL  INPUT  NOMINAL  ANALOG  OUTPUT 

MSB  LSB      (Vqut  as  shown  In  Figure  S) 


1111111111 


-Vref 


/1023\ 
\1024j 


1  000000001 


-Vref 


/  513 
\1024 


) 


1  0  0  0  0  0  0  0  0  0       -VREF   (-^J  = 


0  111111111 


-Vref 


(—) 
\1024/ 


0000000001 


"Vref 


(1024) 


0000000000  -Vref 


(—) 
\1024/ 


NOTES: 

1.  Nominal  fuN  scale  for  the  circuit  of  Figure  S  is  given  by 

2.  Nominal  LSB  magnitude  for  the  circuit  of  Figure  5  is  given  by 


LSB  =  V,,Ef  ^-j±TjorVREF(2  ") 


Figure  6  shows  a  simple  bipolar  output  circuit  using  the 
PM-7533  and  a  PMI  OP-215  dual  op  amp.  The  circuit  uses 
olfset  binary  coding  and  a  fixed  DC  voltage  for  VREF. 
Digitally-controlled  attenuation  of  an  AC  signal  occurs  when 
the  signal  is  used  as  the  signal  source  at  Vref-  Negative 
output  full-scale  is  adjusted  by  setting  the  digital  inputs  to  all 
zeros  and  adjusting  the  value  of  the  Vref  voltage  or  R5.  The 
zero-scale  output  voltage  is  adjusted  while  the  digital  inputs 

FIGURE  6:  Bipolar  Operation  (4-Quadrant  Multiplication) 


are  set  to  1000000000  and  adjusting  R1  for  a  zero  output 
voltage  (less  than  10%  of  1  LSB).  Resistors  R3,  R4  and  R5 
must  be  selected  for  matching  and  tracking  in  order  to  keep 
offset  and  full  scale  errors  to  a  minimum.  Resistors  R1  and  R2 
temperature  coefficients  must  be  taken  into  account  if  they 
are  used.  C1  phase  compensation  capacitor  may  not  be 
needed  and  should  be  selected  empirically.  The  digital  input 
code  versus  analog  output  voltage  is  shown  in  Table  2. 

TABLE  2:  Bipolar  (Offset  Binary)  Code  Table 


DIGITAL  INPUT 
MSB  LSB 

NOMINAL  ANALOG  OUTPUT 
(Vqut  as  shown  In  Figure  6) 

1111111111 

+Vref 

m 

1  000000001 

+Vref 

(ft) 

1  000000000 

0 

0  111111111 

-Vref 

0000000001 

-Vref 

0000000000 

-Vref 

NOTES: 

1.  Nominal  full  scale  for  the  circuit  of  Figure  6  is  given  by 
FSR 


-MB)- 

2.  Nominal  LSB  magnitude  for  the  circuit  of  Figure  6  is  given  by 
LSB  =  Vref  (£). 


o 
u 

o 
o 

3 


o 
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o 
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The  PM-7533  may  be  used  in  the  voltage  output  operation  as 
shown  in  Figure  7.  This  circuit  configuration  will  lend  itself  to 
single-supply  operation  because  signal  inversion  does  not 
occur.  The  output  should  be  buffered  due  to  its  high  output 
resistance  (10kfl)  to  prevent  loading  errors.  The  reference 
voltage  should  be  kept  to  +1.5  volts  maximum  to  keep 
nonlinearity  errors  to  less  than  1  LSB  as  shown  in  Figure  8. 

By  connecting  the  DAC  in  the  feedback  of  an  op  amp  as 
shown  in  Figure  9,  the  circuit  behaves  as  a  programmable 
gain  amplifier  (analog/digital  divider).  The  transfer  function  is: 


FIGURE  8:  Voltage  Mode 


V0  = 


/_  -Jm  \ 

+         Asp  / 

\21      22  210  / 


where  A,  . . .  A10  assumes  a  value  of  1  or  0. 


FIGURE  7:  Voltage  Output  Operation 


V0D  "  ♦« 

/ 

2S6  S12  768 

DIGITAL  CODE  (DECIMAL) 


♦6V 

S«  tfoUT.  ""-»» 

Vref 

— O  VOUT  "  XVR£F 

1 — VouTJ 

OIOITAL  f 
INPUT  (D|  } 

NOTES: 

1.  VR£F  <  +1.5V  TO  KEEP  NONLINEAAITV  ERRORS  <  1  LSB. 

2.  «oUT  *  ICkn  THIS  HIQH  OUTPUT  RESISTANCE  SHOULD 
BE  BUFFERED  TO  PREVENT  LOAOINQ  ERRORS. 

3.  TH1SCIRCUITWILL  LEND  ITSELF  TO  SINGLE  SUPPLY 
OPERATION. 

FIGURE  9:  Programmable  Gain  Amplifier 
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IPMI)  PM-7541 

S  CMOS  12-BIT  MONOLITHIC  MULTIPLYING 

D/A  CONVERTER 


Precision  Mnnol 


FEATURES 

•  Full  Four-Quadrant  Multiplication 

•  12-Bit  Endpolnt  Linearity  (±1/2  LSB) 

•  Pretrfmmed  Gain 

•  TTL/CMOS  Compatible 

•  Low  Power  Consumption 

•  Low  Feedthrough  Error 

•  Direct  Replacement  for  AD7521  and  AD7541 

•  Superior  Power  Supply  Rejection  from  +5V  to  +15V 

•  Low  Gain  and  Linearity  Tempcos  (TYP  2ppm  of  FSR/°C) 

•  Latch-Up  Resistant 

APPLICATIONS 

•  Digital/Synchro  Conversion 

•  Programmable  Amplifiers 

•  Ratlometrlc  A/D  Conversion 

•  Function  Generator 

•  CRT  Graphics  Generator 

•  Digitally-Controlled  Attenuator 

•  Digitally-Controlled  Power  Supplies 

•  Digital  Filters 


CROSS  REFERENCE 


TEMPERATURE 

PMI 

ADI 

RANGE 

PM7541AX 

AD7541TD 

MILITARY 

PM7541BX 

AD7541SD 

PM7541EX 
PM7541FX 

A07541BD 
AD7541AD 

INDUSTRIAL 

PM7541GP 
PM7541HP 

AD7541KN 
AD7541JN 

COMMERCIAL 

GENERAL  DESCRIPTION 

The  PMI  PM-7541  is  a  12-bit,  4-quadrant  multiplying  digital-to- 
analog  converter.  It  is  manufactured  using  an  advanced  oxide- 
isolated,  silicon-gate,  monolithic  CMOS  technology. 

Laser-trimmed  thin-film  resistors  on  CMOS  circuitry  provide 
true  12-bit  linearity  and  excellent  absolute  accuracy.  The  low 
power  dissipation,  together  with  NMOS  temperature-compen- 
sating switches,  assures  the  performance  over  the  full  temper- 
ature range.  It  Is  a  pin-compatible  replacement  for  Analog 
Devices  AD7S21  and  AD7541  with  equal  or  better  performance. 


in 


O 

u 

o 
o 
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ORDERING  INFORMATION! 


PIN  CONNECTIONS 


PACKAGE:  18-PIN 

NONLINEARITY 

MILITARY*       INDUSTRIAL  COMMERCIAL 
TEMPERATURE  TEMPERATURE  TEMPERATURE 
-55»C  TO  +125»C  -26°C  TO  +S5°C  0"C  TO  +70'C 

1  LSB 
1/2  LSB 

PM7S41BX          PM7541FX  PM7541HP 
PM7541AX          PM7541EX  PM7S41GP 

'For devices  processed  In  total  compliance  to  MIL-STD-BB3,  add/633  atter 
part  number.  Consult  factory  (or  883  data  sheet. 

t  Burn-In  Is  available  on  commercial  and  Industrial  temperature  range  parts  In 
cerdlp.  plastic  dip.  and  TO-can  packages.  For  ordering  Information,  see  1S8B 
Data  Book,  Section  2. 
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1B-PIN  EPOXY  DIP 
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PM-7541  CMOS  12-BIT  MONOLITHIC  MULTIPLYING  D/A  CONVERTER 


ABSOLUTE  MAXIMUM  RATINGS 

Oa  =  +25°C,  unless  otherwise  noted.) 


VDD(toGND)   +17V 

VREF(toGND)    +25V 

VRFB(toGND)    ±25V 

Digital  Input  Voltage  Range   VDDto  GNO 

Output  Voltage  (Pin  1,  Pin  2)    -0.3V  to  VD0 

Power  Dissipation  (Package)    450mW 

Derate  Above +75°C   6mW/°C 

Operating  Temperature  Range 

AX/BX  Versions    -55°C  to +125°C 

EX/FX  Versions    -25°C  to +85°C 

GP/HP  Versions  0°C  to  +70"C 


Dice  Junction  Temperature   +150°C 

Storage  Temperature    -65°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)    300°C 

CAUTION: 

1.  Do  not  apply  voltages  higher  than  Vp^or  less  than  QND  potential  on  any 
terminal  except  VREF  (Pin  17)  and  RF0  (Pin  IB). 

2.  The  digital  control  inputs  are  zener  protected:  however,  permanent 
damage  may  occur  on  unprotected  units  from  high-energy  electrostatic 
fields.  Keep  units  in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Use  proper  anti-static  handling  procedures. 

4.  Absolute  Maximum  Ratings  apply  to  both  packaged  devices  and  DICE. 
Stresses  above  those  listed  under  Absolute  Maximum  Ratings  may  cause 
permanent  damage  to  the  device. 


ELECTRICAL  CHARACTERISTICS  at  VDD= +15V,  VREF  =  +10V,  GND = 0V,  V0ut  1 = Vout  2=  0V;  and  TA=-55°C  to  +125°C  apply 
for  PM-7541 AX/BX;  TA= -25°C  to +85°C  apply  for  PM-7541  EX/FX;  and  TA= 0°C  to  +70°C  apply  for  PM-7541  GP/HP,  unless  otherwise 
noted. 


PM-7541A/E/G 

PM-7541  B/F/H 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN         TYP  MAX 

MIN         TYP  MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

12           -  - 

12            —  — 

Bits 

Nontinearity 
(Notes  1. 2) 

INL 

—           —  +1/2 

—            —  ±1 

LSB 

Gain  Error 

TA  =  +25-C 

-           —  ±12.5 

-           —  ±12.5 

LSB 

(Notes  3. 4) 

GFSE 

TA  «  Full  Temp.  Range 

—            —  ±16.7 

—            —  ±16.7 

Power  Supply 

VBO=+14.SVto  +1S.SV 

Rejection 

PSRR 

TA  =  +25"C 

-           -  ±0.01 

—           —  ±0.01 

%/% 

•iGainMVDD 

TA  =  Full  Temp.  Range 

—            —  ±0.02 

—            -  ±0.02 

Output  Leakage 
Current  (l0UT ,) 
(Notes  5.  6) 

'lkq 

TA  =  +25"C 

TA  =  Full  Temp.  Range 

—  —  ±50 

—  —  ±200 

—  —  ±50 

—  —  ±200 

nA 

DYNAMIC  PERFORMANCE 

Output  Current 

Settling  Time 

<S 

To  ±1/2  LSB  ol  FSR 

—            —  1.0 

-            -  1.0 

(Note  7) 

Feedlhrough  Error 
(Note  7) 

FT 

VREF  =  20Vp.p@i  =  10llHz 
All  digital  inputs  low 

—            —  2.0 

-            -  2.0 

mVp.p 

REFERENCE  INPUT 

Input  Resistance 
(Note  8) 

Rref 

5-20 

5            —  20 

kO 

DIGITAL  INPUTS 

\ 

Digital  Input  High 

2.4            -  - 

V  2.4 

V 

Digital  Input  Low 

v,.. 

—            —  0.8 

—            -  0.8 

V 

Input  Leakage 
Current 

V,N  =  0to  15V 

—            —  ±1 

—            —  ±1 

llA 

Input  Capacitance 
(Note  7) 

—            —  8 

—            —  8 

Input  Coding 

(Tables  1. 2) 

Binary  or  Offset 

Binary  or  Offset 
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PM-7541  CMOS  12-BIT  MONOLITHIC  MULTIPLYING  D/A  CONVERTER 


ELECTRICAL  CHARACTERISTICS  at  VDD=  +15V,  VnEF  = +10V,  GND  = OV,  Vout  1  =  Vout2= OV;  and  TA= -SS-C  to  +125°C  apply 
for  PM-7541  AX/BX;  TA = -25°C  to  +85°C  apply  for  PM-7541  EX/FX;  and  TA= 0°C  to  +70°C  apply  for  PM-7541  GP/HP,  unless  otherwise 
noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

PM-7541  A/E/G 
M!N         TYP  MAX 

PM-7541  B/F/H 

MIN  TYP 

MAX 

UNITS 

ANALOG  OUTPUTS 

Output  Capacitance 
(Note  7) 

COUT  1 
COUT2 

Digital  Inputs  =  V,H 

85 
30 

200 
60 

85 
30 

200 
60 

pF 

Output  Capacitance 
(Note  7) 

Court 

COUT2 

Digital  Inputs  =  VIL 

30 
85 

60 
200 

30 

as 

60 
200 

pF 

POWER  SUPPLY 

Vqo  Range 

V0D 

Accuracy  is  not  guaranteed 
over  this  range. 

+5 

+16 

+5 

+16 

V 

Supply  Current 

'do 

Digital  Inputs  =  VIH  or  VIL 

2 

2 

mA 

NOTES: 

1.  A/E/G  versions  are  monotonic  to  12-bits.  S.  Digital  Inputs  =  V,L. 

2.  B/F/H  versions  are  monotonic  to  11-blts.  6.  Specification  also  applies  for  l0UT  2  with  all  digital  inputs  »  VIH. 

3.  Using  internal  feedback  resistor.  7.  Guaranteed  and  not  tested. 

4.  Maximum  gain  change  from  +25°C  to  TMAX  or  TMm  is  ±4.2  LSB  8.  Absolute  temperature  coefficient  Is  approximately  +300  ppm/°C. 
maximum. 


BURN-IN  CIRCUIT 


NOTES: 

1.  ALL  RESISTORS  ARE  1/4 IYATT8X  TOLERANCE. 

2.  CI  IS  A  4.7«F  ELECTROLYTIC  CAPACITOR. 

s.  a  and  a  are  o.oi»f  ceramic  capacitors. 

4.  CI  AND  C2  ONCE  EVERY  10  DEVICES. 
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PM-7541  CMOS  12-BIT  MONOLITHIC  MULTIPLYING  D/A  CONVERTER 


DICE  CHARACTERISTICS 


DIE  SIZE  0.102  X  0.100  inch,  10,200  sq.  mils 
(2.590  x  2.540  mm,  6.58  sq.  mm) 

For  additional  DICE  ordering  Information,  refer 
lo  19BB  Data  Book.  Section  2. 


1.  CURRENT  OUTPUT  1 

2.  CURRENT  OUTPUT  2 

3.  GROUND 

4.  DIGITAL  INPUT  (BIT  1)  (MOST  SIGNIFICANT  BIT) 

5.  DIGITAL  INPUT  (BIT  2) 

6.  DIGITAL  INPUT  (BIT  3) 

7.  DIGITAL  INPUT  (BIT  4) 

8.  DIGITAL  INPUT  (BIT  5) 

9.  DIGITAL  INPUT  (BIT  6) 

10.  DIGITAL  INPUT  (BIT  7) 

11.  DIGITAL  INPUT  (BIT  8) 

12.  DIGITAL  INPUT  (BIT  9) 

13.  DIGITAL  INPUT  (BIT  10) 

14.  DIGITAL  INPUT  (BIT  11) 

15.  DIGITAL  INPUT  (BIT  12)  (LEAST  SIGNIFICANT  BIT) 

16.  POSITIVE  POWER  SUPPLY 

17.  REFERENCE  INPUT  VOLTAGE 

18.  INTERNAL  FEEDBACK  RESISTOR 


WAFER  TEST  LIMITS  at  VDD  =  +15V,  VREF  =  +10V,  GND  =  0V,  V0Ut  i  =  V0Ut  2  =  0V,  TA  =  +25°C. 


PM-7541  G 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

12 

Bits  MIN 

Nonlinearity 

INL 

±1 

LSB  MAX 

Gain  Error 
(Note  1) 

GFSE 

+12.5 

LSB  MAX 

Power  Supply 
Rejection 

PSRR 

Vqq  =  +14. 5V  to  +15.5V 

±0.01 

%/%  MAX 

Output  Leakage 

Current  (I0uti> 

'lkg 

Digital  Inputs  =  V)L 

±50 

nA  MAX 

(Note  2) 

REFERENCE  INPUT 

Input  Resistance 

RREF 

5/20 

k(lMIN/MAX 

DIGITAL  INPUTS 

Digital  Input  High 

V,H 

2.4 

V  MIN 

Digital  Input  Low 

VlL 

0.8 

VMAX 

Input  Leakage 
Current 

'IL 

V,N  =  0  to  15V 

+  1 

,iA  MAX 

POWER  SUPPLY 

Supply  Current 

'dd 

Digital  Inputs  =  V)H  or  V)L 

2 

mA  MAX 

NOTES: 

1.  Using  internal  feedback  resistor. 

2.  Specification  also  applies  for  lOUT  2  but  all  Digital  Inputs  =  VIH. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not  guaranteed 
for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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PM-7541  CMOS  12-BIT  MONOLITHIC  MULTIPLYING  D/A  CONVERTER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


NONLINEARITY  ERROR 
vs  DIGITAL  CODE 


1.00  i  1 

TA  -  ««*C 
OJS  -V00-.8V   

V„„-»I0V 

0.60   

0.25   

425   

050   

0.7S   

1.00  1 

1024  20*8  3072 

DIGITAL  INPUT  CODE  (DECIMAL) 


NONLINEARITY  ERROR 
vs  DIGITAL  CODE 


0.75 
|  0.50 

 1 

TA  -  ♦  »*< 

-vDD-.ts 
Vref  ■  *1 

I  

V   

ov 

|  025 
ec 

i  0 

£  -025 

|  -0  .50 
-0.75 
-1  00 

1024  20O  30» 

DIGITAL  INPUT  CODE  (DECIMAL) 


LOGIC  INPUT  THRESHOLD 
VOLTAGE  vs 
SUPPLY  VOLTAGE  (VDD) 


3° 


r 


1 

Ta  ■  •JS'C 

-vMF-.iov  

I 

V,N1_-0S 

ssz 

1 

VnD  IVOLTSI 


00 


NONLINEARITY  vs 
SUPPLY  VOLTAGE 


TA->25"C 
VBEf-.10V 

GAIN  ERROR  vs 
SUPPLY  VOLTAGE 


TA  -  •25*C 

SUPPLY  CURRENT  vs 
SUPPLY  VOLTAGE 


VnD  (VOLTS! 


Vdo  IVOLTSI 


NONLINEARITY  ERROR 
vs  REFERENCE  VOLTAGE 


I.W 

0.75 
0.50 

1  1 
TA-.25-C 
_  \i  >  *■»/ 

L 

025 
0 

-0.25 
-0.50 

r 

r 

-0.75 
-i  on 

-10   -8    -6  -A 


NONLINEARITY  ERROR 
vs  REFERENCE  VOLTAGE 


1.00 
0.75 
0.50 

1       1  1 
TA-.25-C 

—  *E 

D 

025 
0 

-0.25 
-0.50 

rA 

if 

«9 

H 

-0.75 
-1.00 

VREF  (VOLTS) 


-6-4-2      0      2      4      6      8  10 
VREF  (VOLTS) 
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 pj^|^PM-7S41  CMOS  12-BIT  MONOLITHIC  MULTIPLYING  D/A  CONVERTER 

TYPICAL  PERFORMANCE  CHARACTERISTICS 


vREF  phase  lag  and 

FREQUENCY  RESPONSE 


1k  10k  100k  1M  I0M 

FREQUENCY  IHll 


SPECIFICATION  DEFINITIONS 
RESOLUTION 

The  resolution  of  a  DAC  is  the  number  of  states  (2")  that  the 
full-scale  range  (FSR)  is  divided  (or  resolved)  into,  where  "n"  is 
equal  to  the  number  of  bits. 

SETTLING  TIME 

Time  required  for  the  output  function  of  the  DAC  to  settle  to 
within  1/2  LSB  for  a  given  digital  input  stimulus;  i.e.,  zero  to  full 
scale. 

GAIN 

Ratio  of  the  DAC's  external-operational-amplifier  output  volt- 
age to  the  VREf  input  voltage. 

FEEDTHROUGH  ERROR 

Error  caused  by  capacitive  coupling  from  VREFto  output  with  all 
switches  OFF. 

OUTPUT  CAPACITANCE 

Capacitance  from  lour  ^  or  I  out  2  terminals  to  ground. 
OUTPUT  LEAKAGE  CURRENT 

Current  which  appears  on  I  out  1  terminal  with  all  digital  inputs 
LOW,  or  on  Iqut  2  terminal  when  all  inputs  are  HIGH. 

CIRCUIT  DESCRIPTION 

GENERAL  CIRCUIT  INFORMATION 

The  PM-7541  is  a  12-bit  multiplying  D/A  converter  consisting  of 
a  highly-stable,  slllcon-chrome  thin  film  R-2R  ladder  network 


FEEDTHROUGH  ERROR 
vs  FREQUENCY 


:  TA  -  *25*C 


FREQUENCY  (Htl 


and  twelve  pairs  of  NMOS  current  steering  switches  on  a 
monolithic  chip.  Most  applications  require  the  addition  of  a 
voltage  or  current  reference  and  an  output  operational  amplifier. 

A  simplified  circuit  of  the  PM-7541  is  shown  in  Figure  1.  The 
R-2R  inverted  ladder  binarily  divides  the  input  currents  that  are 
switched  between  I  out  1  and  Iout  2  BUS  lines.  This  switching 
allows  a  constant  current  to  be  maintained  in  each  ladder  leg 
independent  of  the  input  code. 

The  design  includes  a  matching  switch  in  series  with  the 
feedback  (Rfb)  and  terminating  resistors.  These  switches 
(Figure  1)  provide  Improved  gain  and  linearity  performance 
over  the  operating  temperature  range. 


FIGURE  1:  Simplified  DAC  Circuit 


VREF        10kn  tOkd  10kn 


BIT  1  OSS)       SIT  2  BIT  3  BIT  12  ILSSI 

DIGITAL  INPUTS  CDTL/TTL/CMOS  COMPATIBLE) 
(SWITCHES  SHOWN  FOR  OIOITAL  INPUTS  "HIGH"! 
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PM-7541  CMOS  12-BIT  MONOLITHIC  MULTIPLYING  D/A  CONVERTER 


FIGURE  2:  CMOS  Switch 


}  TO  R-2H  RESISTOR  LADDER 


OTL/TTUCMOS 
INPUT 


RESISTOR        I H  ||— 1 

— Ibr2  Mb 


4 


'0UT2  kjUT1 


One  of  the  twelve  CMOS  switches  is  shown  in  Figure  2.  The 
digital  input  stage,  devices  1, 2,  and  3,  drives  the  two  inverters, 
devices  4, 5, 6,  and  7;  these  Inverters  in  turn  drive  the  two  output 
current  steering  switches,  devices  8  and  9.  Devices  1, 2,  and  3 
are  designed  such  that  the  digital  control  inputs  are  DTL,  TTL, 
and  CMOS  compatible  over  the  full  military  temperature  range. 

The  twelve  output  current-steering  switches  are  in  series  with 
the  R-2R  resistor  ladder,  and  therefore,  can  introduce  bit  errors. 
It  is  essential  then,  that  the  switch  "ON"  resistance  be  binarily 
scaled  so  that  the  voltage  drop  across  each  switch  remains 
constant.  If,  for  example,  switch  1  of  Figure  1  was  designed  with 
an  "ON"  resistance  of  10  ohms,  switch  2  for  20  ohms,  etc.,  then 
with  a  10  volt  reference  input,  the  current  through  switch  1  is 
0.5mA,  switch  2  is  0.25mA,  etc.,  a  constant  5mV  drop  will  then 
be  maintained  across  each  switch. 


EQUIVALENT  CIRCUIT  ANALYSIS 

Figures  3  and  4  show  the  equivalent  circuits  for  all  digital  inputs 
LOW  and  HIGH  respectively.  The  reference  current  is  switched 
to  lour  2  when  ail  inputs  are  LOW  and  Iout  i  when  inputs  are 
HIGH.  The  I 

leakage  current  source  is  the  combination  of 
surface  and  junction  leakages  to  the  substrate;  the  1/4096 
current  source  represents  the  constant  1-bit  current  drain 
through  the  ladder  terminating  resistor.  The  output  capacitance 
is  dependent  upon  the  digital  input  code,  and  is  therefore 
modulated  between  the  low  and  high  values. 

FIGURE  3:  PM-7541  Equivalent  Circuit 
(All  Inputs  LOW) 


o "feedback 


'ref 

R«iotn 
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VREF         .  X 
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FIGURE  4:  PM-7541  Equivalent  Circuit 
(All  Digital  Inputs  HIGH) 
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,  R- 11*11 

'  O'OUTI 


— O'0UT2 


DYNAMIC  PERFORMANCE 
OUTPUT  IMPEDANCE 

The  output  resistance,  as  in  the  case  of  the  output  capacitance, 
is  also  modulated  by  the  digital  input  code.  The  resistance 
looking  back  into  the  I  out  1  terminal,  may  be  anywhere  between 
10kft  (the  feedback  resistor  alone  when  all  digital  inputs  are 
low)  and  7.5kn  (the  feedback  resistor  in  parallel  with  approx- 
imately 30k fl  of  the  R-2R  ladder  network  resistance  when  any 
single  bit  logic  is  high).  The  static  accuracy  and  dynamic 
performance  will  be  affected  by  this  modulation.  The  gain  and 
phase  stability  of  the  output  amplifier,  board  layout,  and  power 
supply  decoupling  will  all  affect  the  dynamic  performance  of 
the  PM-7541.  The  use  of  a  compensation  capacitor  may  be 
required  when  high-speed  operational  amplifiers  are  used.  It 
may  be  connected  across  the  amplifiers  feedback  resistor  to 
provide  the  necessary  phase  compensation  to  critically  damp 
the  output. 

The  considerations  when  using  high-speed  amplifiers  are: 

1.  Phase  Compensation  (See  Figures  5  and  6). 

2.  Power  supply  decoupling  at  the  device  socket  and  use  of 
proper  grounding  techniques. 
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APPLICATIONS  INFORMATION 

APPLICATION  TIPS 

Linearity  depends  upon  the  potential  of  I  out  1  ar,d  'ouT2(pins  1 
and  2)  being  exactly  equal  to  GND  (pin  3).  In  most  applications, 
the  DAC  is  connected  to  an  external  op  amp  with  its  noninvert- 
ing  input  tied  to  ground,  see  Figures  5  and  6.  The  amplifier 
selected  should  have  a  low  input  bias  current  and  low  drift  over 
temperature.  The  amplifier's  input  offset  voltage  should  be 
nulled  to  less  than  ±200>V  (less  than  10%  of  1  LSB). 

The  operational  amplifiers  usual  bias  current  compensation 
resistor  in  the  noninverting  input  should  not  be  used;  the  input 
should  be  connected  directly  to  ground  with  a  low-resistance 
wire.  This  resistor  can  cause  a  variable  offset  voltage  contribut- 
ing an  error.  All  pins  going  to  ground  should  be  taken  to  a 
common  point  to  avoid  ground  loops.  The  Vpo  power  supply 
should  have  a  low  noise  level  and  not  have  transients  greater 
than  +17V. 


Unused  digital  inputs  must  always  be  grounded  or  taken  to 
Vdd;  this  will  prevent  noise  from  triggering  the  high  impedance 
digital  input  resulting  in  output  errors.  It  is  also  recommended 
that  the  used  digital  inputs  betaken  to  ground  or  VDD  via  a  high 
value  (1Wn)  resistor;  this  will  prevent  the  accumulation  of  static 
charge  whenever  the  PC  card  is  disconnected  from  the  system. 


OUTPUT  AMPLIFIER  CONSIDERATIONS 

For  low  speed  or  static  applications.  AC  specifications  of  the 
amplifier  are  not  very  critical.  In  high-speed  applications,  slew 
rate,  settling  time,  open-loop  gain,  and  gain/phase  margin 
specifications  of  the  amplifier  should  be  selected  for  the  desired 
performance.  It  has  already  been  pointed  out  that  an  offset  can 
be  caused  by  including  the  usual  bias  current  compensation 
resistor  in  the  amplifier's  noninverting  input-terminal.  This 
resistor  should  not  be  used.  Instead,  the  amplifier  should  have  a 
bias  current  which  is  low  over  the  temperature  range  of  interest. 


FIGURE  5:  Unipolar  Binary  Operation  (2-Quadrant) 
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FIGURE  6:  Unipolar  Binary  Operation  (2-Quadrant) 
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The  static  accuracy  is  affected  by  the  variation  in  the  DAC's 
output  resistance.  This  variation  is  best  illustrated  by  using  the 
circuit  of  Figure  8  and  the  equation: 

Error  Voltage  =  V0s  (l  +  j^) 

where  Ro  -  function  of  digital  code. 

Ro  s  10kQ  for  more  than  4-bits  of  logic  1. 
R0  as  30kO  for  any  single  bit  logic  1 . 

Therefore,  the  offset  gain  varies  as  follows: 

At  code  001111111111:  VERROri  =  Vos  (l  +  =2V0S 

At  code  010000000000:  VERR0R  2  =  Vos  ( 1  +  35^)  =  |  vos 
The  error  difference  is  2/3  V0s- 

Since  one  LSB  has  a  weight  (for  VREF  =  +10V)  of  2.5mV  for  the 
PM-7541  DAC,  it  Is  clearly  important  that  V0s  be  nulled,  either 
using  the  amplifier's  nulling  pins  or  an  external  network. 


UNIPOLAR  BINARY  OPERATION  (2-QUADRANT) 

The  circuits  of  Figures  5  and  6  can  either  be  used  as  a  fixed 
reference  D/A  converter,  or  as  an  attenuator  with  an  AC  input 
voltage.  In  the  fixed  reference  mode,  the  DAC  provides  an 
analog  output  voltage  in  the  range  of  zero  to  plus  or  minus  VREF, 
depending  on  VREF  polarity.  The  reference  input  voltage  can 
range  between  -20V  to  +20V;  this  is  due  to  the  ability  of  VREF 
being  able  to  exceed  VDD,  the  limiting  factor  being  the  op  amp 
voltage  range.  Table  1  shows  the  code  relationship  for  the 
circuit  of  Figure  6.  R1  can  be  omitted  with  a  resulting  maximum 
gain  error  of  0.3%  of  full  scale. 

TABLE  1:  Code  Table  for  Circuit  of  Figure  6 

DIGITAL  INPUT  NOMINAL  ANALOG  OUTPUT 

111111111111  -0.99975  VREF  

1  00000000000  -0.50000  VREF  

011111111111  -0.49975  VREF  

000000000000  0  


APPUCATIONS 

Figures  5,  6,  and  7  show  simple  unipolar  and  bipolar  circuits 
with  their  associated  waveforms  using  the  PM-7541  and  two 
PMI  types  of  output  amplifiers.  A  small  feedback  capacitor 
should  be  used  across  the  amplifier  to  help  prevent  overshoot 
and  ringing  when  using  high-speed  op  amps.  Resistor  R1  is 
used  to  trim  for  full  scale,  low  tempco  (approximately  50ppm/°C) 
resistors  or  trimpots  should  be  selected  when  gain  adjustments 
are  required. 

FIGURE  7:  Bipolar  Operation  (4-Quadrant) 


HI 


BIPOLAR  BINARY  OPERATION  (FOUR-QUADRANT) 

The  recommended  circuit  and  code  relationship  is  shown  in 
Figure  7  and  Table  2.  The  digital  input  is  offset  binary  coded  and 
multiplies  VREF  per  Table  2.  Resistors  R3  and  R4  should  be  equal 
within  0.1%  at  all  temperatures,  but  need  not  track  the  resistors 
within  the  PM-7541.  The  network  comprised  of  R5,  R6,  and  R7 
sums  1/2  LSB  of  current  into  louT2to  ensure  correct  coding  at 
zero.  R1  can  be  adjusted  to  produce  the  outputs  shown  in  Table 
2.  However,  when  the  application  permits  it,  R1  and  R2  should 
be  omitted.  The  maximum  gain  error  in  this  condition  is  0.3%  of 
full  scale.  R5  may  be  replaced  by  a  100f!  fixed  resistor:  the 
maximum  zero  error  is  then  0.015%  of  full  scale.  The  input  offset 
voltage  of  both  amplifiers  should  be  adjusted  to  less  than  0.1  mV 
and  be  better  than  0.5mV  over  the  temperature  range  of  interest. 
With  VREF  set  to  10V,  R5  is  adjusted  so  that  with  code 
100000000000,  V0ut  =  0V  ±0.2mV.  R1  is  adjusted  so  that  code 
OOOOOOOOOOOO  causes  V0ut  to  equal  VREF. 


TABLE  2:  Code  Table  for  Circuit  of  Figure  7 


DIGITAL  INPUT 

NOMINAL  ANALOG  OUTPUT 

111111111111 

-0.99951  VREF 

100000000001 

-0.00049  VREF 

100000000000 

0 

01 0000000000 

+0.50000  VREF 

000000000000 

+1.00000  VREF 
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OFFSET  ADJUSTMENT 

1.  Adjust  VREF  to  approximately  -MOV. 

2.  Set  R5  to  zero. 

3.  Connect  all  digital  inputs  to  "Logic  1". 

4.  Adjust l0UT2amplifier offset trimpotforOV±0.1mV at Iout2 
amplifier  output. 

5.  Connect  a  short  circuit  across  R4. 

-  6.  Connect  all  digital  inputs  to  "Logic  0". 

7.  Adjust louT2amplifier offset trimpot for 0V±0.lmV at Iout  1 
amplifier  output. 

8.  Remove  short  circuit  across  R4. 

9.  Connect  MSB  (Bit-1)  to  "Logic  1"  and  all  other  bits  to 
"Logic  0". 

10.  Adjust  R5  for  0V  ±0.2mV  at  Vqut- 


GAIN  ADJUSTMENT 

1.  Connect  all  digital  inputs  to  VDD. 

2.  Monitor  Vout  'or  -VREF  ( 1  -  ^  )  volts  reading  while 
adjusting  R1.  '  ' 


ANALOG/DIGITAL  DIVISION 

The  transfer  function  for  the  PM-7541  connected  in  the  multi- 
plying mode  as  shown  in  Figure  6  is: 

Vo  =  .V|N(A1+A_2  +  A3+  A«V 

\  2'    2'    2s  212  / 

where  Ax  assume  a  value  of  1  for  an  "ON"  bit  and  0  for  an 
"OFF"  bit. 

The  transfer  function  is  modified  when  the  DAC  is  connected  in 
the  feedback  of  an  operational  amplifier  as  shown  in  Figure  9, 
it  now  is: 


V0  = 


The  above  transfer  function  is  the  division  of  an  analog 
voltage  (VREF)  by  a  digital  word.  The  amplifier  goes  to  the  rails 
with  all  bits  "OFF"  since  division  by  zero  is  infinity.  With  ait  bits 
"ON",  the  gain  is  1  (±1  LSB).  The  gain  becomes  4096  with  the 
LSB,  bit  12,  "ON". 


FIGURE  8:  Simplified  Circuit 


FIGURE  9:  Analog/Digital  Divider 
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iPMi)  PM-7541A 

CMOS  12-BIT  MONOLITHIC  MULTIPLYING 

D/A  CONVERTER 


Precision  Monolithic^  Inc. 


FEATURES 

•  7541  With  Improved  Accuracy  And  Ruggedness 

•  ±1/2  LSB  Max  Nonllneaiity  Over  Full  Temp.  Range 
(12-Bit  Linearity) 

•  ±1  LSB  Max  Gain  Error— No  User  Adjustment  Required 

•  Loss  Than  0.03  LSB  Max  Zero  Scale  Error  (SnA) 

•  Low  Gain  Tempco   5ppm/°C  Max 

•  All  Data  Input  Pins  Designed  With  ESD  Protective  Circuitry 

•  Full  Four  Quadrant  Multiplication 

•  Low  Power  Consumption 

•  Low  Feedthrough  Error  And  Digital  Charge  Injection 

•  Superior  Power  Supply  Rejection 

From  +5V  to  +15V  001%/%  Max 

•  Direct  Replacement  For  AD7541  And  AD7541A 

•  Both  DIP  Packages  Suitable  For  Auto-lnsertlon,  Surface 
Mount  Packaging  Available 

APPLICATIONS 

•  Digital/Synchro  Conversion 

•  Programmable  Amplifiers 

•  Ratlometrlc  A/D  Conversion 

•  Function  Generators 

•  Digitally-Controlled  Attenuators 

•  Digitally-Controlled  Power  Supplies 

•  Digitally-Controlled  Filters 

ORDERING  INFORMATION^ 


PACKAGES 


NON-  MILITARY*  INDUSTRIAL  COMMERCIAL 
GAIN  LIN-  TEMPERATURE  TEMPERATURE  TEMPERATURE 
ERROR   EARITV    -55°C  to +1J5'C  -2S*Cto+B5*C  (CCto+WC 


±1  LSB  ±1/2  LSB  PM7541AAX  PM7541AEX  PM7541AQP 

±1  LSB  +1/2  LSB  PM7S41AARC/883            —  — 

±2  LSB  ±1/2  LSB  PM7541ABX  PM7541AFX  PM7541AHP 

±2  LSB  ±1/2  LSB  PM7S41ABRC/883            —  PM7541AHPCtt 

*  For  devices  processed  In  total  compliance  to  MIL-STD-883,  add  /8S3  after 

part  number.  Consult  factory  for  683  data  sheet 
t  Bum-In  Is  available  on  commercial  and  Industrial  temperature  range  parts  In 
cerdlp,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  18S8 
Data  Book,  Section  2. 
tt  For  availability  and  burn-In  information  on  SO  and  PLCC  packages, 
contact  your  local  sales  office. 

FUNCTIONAL  DIAGRAM 


VKEF  tOUl  tOhll  1f*ll  Iffcll 


[SWITCHES  SHOWN  FOR  DIGITAL  INHJTS  "HIGH") 


CROSS  REFERENCE 


TEMPERATURE 

PMI 

ADI 

RANGE 

PM7541AAX 

AD7541ATD 

MILITARY 

PM7541ABX 

AD7541ASD 

MILITARY 

PM7541AEX 

AD7541ABO 

INDUSTRIAL 

PM7451AFX 

AD7S41AAQ 

INDUSTRIAL 

PM7541AQP 

AD7541 AKN 

COMMERCIAL 

PM7541AHP 

AD7541AJN 

COMMERCIAL 

GENERAL  DESCRIPTION 

PMI's  PM-7541A  is  a  12-bit  resolution,  current  output,  4- 
quadrant  multiplying  digital-to-analog  converter.  Manufactured 
with  advanced  oxide-isolated,  silicon-gate,  monolithic  CMOS 
technology,  the  PM-7541 A  features  circuitry  designed  to  protect 
data  inputs  against  damage  from  electrostatic  discharges. 

Laser-trimmed  thin-fiim  resistors  provide  true  12-bit  linearity 
with  excellent  absolute  accuracy.  The  PM-7541  A' s  low  power 
dissipation,  along  with  NMOS  temperature  compensating 
switches,  insures  high  performance  across  the  full  temperature 
range. 

The  PM-7541  A  is  a  superior  pin-compatible  replacement  for  the 
industry  standard  7541  and  the  AD7541  A.  Available  in  standard 
plastic  and  cerdip  packages,  the  PM-7541  A  is  compatible  with 
automatic  Insertion  equipment.  The  improved  performance  of 
the  PM-7541  A  permits  upgrading  existing  designs  with  greater 
ruggedness  and  accuracy.  Tighter  linearity  and  gain  error 
specifications  may  permit  reduced  system  parts  count  by 
eliminating  trimming  circuitry. 


PIN  CONNECTIONS 


'OUT1  ^ 

• 

<■]  R FEEDBACK 

'out a  |T 

33VREF 

GND  [7 

i3  VDDM 

BKM5B)  [T 

is]  BIZtLSBl 

B2  [7 

T*\  B11 

B3  \T 

lj]BtO 

84  (T 

1l)  Bfl 

BS  f7 

B6  (7 

2£}ai 

18-PIN  EPOXY  DIP 
(P-Suffix) 

18-PIN  HERMETIC  DIP 
(X-Sufflx) 


PM-7541 ABRC/883 
PM-7541AARC/883 
20-PIN  LCC 
(RC-Sulflx) 

PM-7541 AHPC 
20-PIN  PLCC 
(PC-Suffix) 


/L»JliJL>JHH\ 

OND  T)  fS  V0D1., 

B1IMSB)  T]  Q?  B12(LS8) 

82  7]  [w  an 

63  TJ  [»  B1Q 

B4  3  [j«  B9 

MaannarjiL? 
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ABSOLUTE  MAXIMUM  RATINGS 

(TA  =  +25°C,  unless  otherwise  noted.) 


VDD  (to  GND)     +17V 

VBEF(toGND)    +25V 

VRFB(toGND)    ±25V 

Digital  Input  Voltage  Range  VDDto  GND 

Output  Voltage  (Pin  1,  Pin  2)  -0.3V  to  VDd 

Power  Dissipation  (Any  Package)   450mW 

Derate  Above  +75°C   6mW/°C 

Operating  Temperature  Range 

AX/BX/ARC/BRC  Versions  -55°C  to  +125°C 

EX/FX  Versions  -25°C  to  +85°C 

GP/HP/HPC  Versions  0°C  to  +70°C 


Dice  Junction  Temperature   +150°C 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)   300°C 

CAUTION: 

1.  Do  not  apply  voltages  higher  than  V00  or  less  than  GND  potential  on  any 
terminal  except  VREF  (Pin  17)  and  Rpe  (Pin  18). 

2.  The  digital  control  Inputs  are  zener  protected:  however,  permanent 
damage  may  occur  on  unprotected  units  from  high-energy  electrostatic 
fields.  Keep  units  in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Use  proper  anti-static  handling  procedures. 

4.  Absolute  Maximum  Ratings  apply  to  both  packaged  devices  and  DICE. 
Stresses  above  those  listed  under  Absolute  Maximum  Ratings  may  cause 
permanent  damage  to  the  device. 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +15V,  Vref  =  +10V,  V0UT  1  =  V0Ut  2  =  0V;  TA  =  -55°C  to  +125°C  apply  for 
PM-7541 AAX/BX/ARC/BRC;  TA=-25°C  to  +85°C  apply  for  PM-7541 AEX/FX;  and  TA= 0°C  to  +70°Capply  for  PM-7541 AGP/HP/HPC, 
unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

12 

LSB 

Nonllnearity 
(Note  1) 

INL 

±1/2 

LSB 

Ditlerential  Nonllnearity 
(Note  2) 

DNL 

PM-7541AA/E/G 
PM-7541AB/F/H 

±1/2 
±1 

LSB 

TA=+25°C 

PM-7541 AA/E/G 

1 

Gain  Error 

PM-7S41AB/F/H 

2 

LSB 

(Notes) 

QFSE 

TA  a  Full  Temp.  Range 

PM-7541AA/E/G 

2 

PM-7541AB/F/H 

3 

Gain  Tempco 

(AGain/ATemp.) 

TCqfs 

±2 

±5 

ppm/*C 

(Note  6) 

Power  Supply 

AV00  =  ±5% 

Rejection  Ratio 

PSRR 

TA  =  +25°C 

±0.001 

%/% 

(AGain/AVD0) 

TA  =  Full  Temp.  Range 

±0.002 

TA  =  +25"C 

Output  Leakage  Current 
(Notes  4,  S) 

'iKG 

PM-7541 AA/B/E/F/G/H 
TA  =  Fuil  Temp.  Range 
PM-7541  AA/B 

5 
100 

nA 

PM-7541  AE/F/G/H 

10 

TA  =■  +25"C 

Zero  Scale  Error 
(Notes  12. 13) 

'ZSE 

PM-7541AA/B7E/G/H 
TA  =  Full  Temp.  Range 
PM-7541AA/B 

0.002 
0.05 

LSB 

PM-7541AE/F/G/H 

0.01 

REFERENCE  INPUTS 

Input  Resistance 
(Note  9) 

Rref 

7 

11 

15 

kfl 
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ELECTRICAL  CHARACTERISTICS  at  VDD  =  +15V.  VREF  =  +10V,  V0Ut  1  =  V0ut  2  =  OV;  TA  =  -55°C  to  +125°C  apply  (or 
PM-7541 AAX/BX/ARC/BRC;  TA = -25°C  to  +85°C  apply  for  PM-7541 AEX/FX;  and  TA= 0°C  to  +70°C  apply  for  PM-7541 AGP/HP/HPC, 
unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

POWER  SUPPLY 

Vuo  Range 

Vdd 

Accuracy  is  not  guaranteed  over  this  range 

+5 

15 

+17 

V 

Digital  Inputs  -  v,H  or  vIL 

2 

mA 

Supply  Current 

'dd 

Digital  Inputs  »  OV  or  VDD 

TA  =  +25°C 

100 

eA 

TA  =  Full  Temp.  Range 

100 

DIGITAL  INPUTS 

Digital  Input  High 

V|H 

2.4 

V 

Digital  Input  Low 

V,L 

0.8 

V 

Input  Leakage  Current 
(Note  1D) 

In 

V,N  =  0to+15V 

±1 

cA 

Input  Capacitance 
(Note  6) 

CIN 

vIN  =  ov 

8 

PF 

DYNAMIC  PERFORMANCE 

Propagation  Delay 
(Notes  6. 7) 

tpD 

From  Digital  Input  Change 
to  90%  of  Final  Analog  Output 
TA  =  +25-C 

100 

150 

ns 

Output  Current  Settling  Time 
(Notes  6, 7, 8) 

<S 

To  ±1/2  LSB  (±0.01%  ol  Full  Scale  Range) 
TA  =  +25'C 

0.6 

1 

CS 

Feedthrough  Error 

VREF  =  20Vp.p(ai=  10kHz 

(VREFtolOUT) 

FT 

All  Digital  Inputs  Low 

2 

5 

(Note  6) 

TA  =  +25°C 

Digital  to  Analog  Glitch  Energy 
(Notes  6,  11) 

0 

TA=+25"C 

700 

1000 

nVs 

ANALOG  OUTPUTS 

Output  Capacitance 

COUTl 
CoUT2 

Digital  Inputs  =  VIH 

85 
30 

120 
50 

pF 

(Note  6) 

COUT1 
COUT2 

Digital  Inputs  =  VIL 

30 
85 

50 
120 

NOTES: 

1.  ±  1/2  LSB  =  ±0.012%  ol  Full  Scale. 

2.  All  grades  are  monotonlc  to  12-bits  over  temperature. 

3.  Using  internal  feedback  resistor. 

4.  Applies  to  Iout  v  digital  inputs  =  V)L. 

5.  Specilication  also  applies  for  l0UT  2  with  all  digital  inputs  =  V,H. 

6.  Guaranteed  by  design  and  not  tested. 

7.  lour  Load  =  10011.  Cext  =  WpF.  digital  Inputs  =  0V  to  VDD  or  VD0  to  0V. 


8.  Extrapolated  to  1/2  LSB:  t,  =  Propagation  Delay  (tPDl  +  9r.  where  r  = 
measured  first  time  constant  ol  the  final  RC  decay. 

9.  Absolute  temperature  coefficient  Is  approximately  +50  ppm/"C. 

10.  Digital  inputs  are  CMOS  gates:  ltN  Is  typically  1nA  at  +25*C 

11.  VREF  «  0V,  all  digital  Inputs  =  0V  to  VDD  or  VDD  to  0V. 

12.  VREF  »  +10V.  all  digital  Inputs  =  0V. 

RBef(4096)Il  KG 

13.  Calculated  Irom:  lZSE(ln  LSBs)  =  ~ .  — 
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DICE  CHARACTERISTICS 


1.  CURRENT  OUTPUT  1 

2.  CURRENT  OUTPUT  2 

3.  GROUND 

4.  DIGITAL  INPUT  (BIT  1)  (MOST  SIGNIFICANT  BIT) 

5.  DIGITAL  INPUT  (BIT  2) 

6.  DIGITAL  INPUT  (BIT  3) 

7.  DIGITAL  INPUT  (BIT  4) 

8.  DIGITAL  INPUT  (BIT  5) 

9.  DIGITAL  INPUT  (BIT  6) 

10.  DIGITAL  INPUT  (BIT  7) 

11.  DIGITAL  INPUT  (BIT  B) 

12.  DIGITAL  INPUT  (BIT  9) 

13.  DIGITAL  INPUT  (BIT  10) 

14.  DIGITAL  INPUT  (BIT  11) 

15.  DIGITAL  INPUT  (BIT  12)  (LEAST  SIGNIFICANT  BIT) 

16.  POSITIVE  POWER  SUPPLY 

17.  REFERENCE  INPUT  VOLTAGE 

18.  INTERNAL  FEEDBACK  RESISTOR 


□  IE  SIZE  0.102  X  0.100  Inch,  10,200  sq.  mils  For  additional  DICE  ordering  information,  refer 

(2.59  X  2.54  mm,  6.5B  sq.  mm)  to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  VDD 

=  +15V,VREF  = 

+  10V,  AGND  =  DGND  =  0V,  V0UT  , 

=  VouT2  =  0V.TA  =  +25°C. 

PARAMETER 

SYMBOL 

CONDITIONS 

PM-7541AG 

LIMIT 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

12 

Bits  MIN 

Nonlinearity 

INL 

±1/2 

LSB  MAX 

Differential  Nonlinearity 

DNL 

±1 

LSB  MAX 

Gain  Error 
(Note  1) 

GFSE 

±1 

LSB  MAX 

Power  Supply  Rejection 

PSRR 

iV0D=±5% 

±0.001 

%/%MAX 

Output  Leakage  Current  Oout  i) 
(Note  2) 

'lkg 

Digital  Inputs  =  VIL 

±5 

nA  MAX 

REFERENCE  INPUT 

Input  Resistance 

7/15 

kit  MIN/MAX 

DIGITAL  INPUTS 

Digital  Input  High 

v,„ 

24 

V  MIN 

Digital  Input  Low 

0.8 

V  MAX 

Input  Leakage  Current 

k 

V|N  =  0  10  15V 

±1 

(,A  MAX 

POWER  SUPPLY 

Supply  Current 

'OD 

Digilal  Inputs  =  V,H  or  V,L 
Digital  Inputs  =  0V  or  VDD 

2 
100 

mA  MAX 
«A  MAX 

NOTES: 

1.  Using  internal  feedback  resistor. 

2.  Specilication  also  applies  for  l0UT  2  but  all  Digital  Inputs  =  V,H. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown  Due  to  variations  in  assembly  melhods  and  normal  yield  loss,  yield  after  packaging  is  not  guaran- 
teed for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  tot  qualification  through  sample  lot  assembly  and  testing. 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


NONLINEARITY  ERROR  vs 
DIGITAL  CODE  (V00  =  +5V) 


2  aso 


I 

TA  -  *25"C 

-«rcf  -   

T024  2048  3072  4096 

DIGITAL  INPUT  CODE  (DECtMAl) 


NONLINEARITY  ERROR  vs 
DIGITAL  CODE  (VDD  -  +15V) 


TA  •  *2S" 

o  re  -vREf  -  ♦ 

0.50   

C 

I0V 

0.25   

0.25   

0-50   

075   

1.00  1  

1024  2048  3072 

DIGITAL  INPUT  CODE  I  DECIMAL! 


LOGIC  INPUT  THRESHOLD 
VOLTAGE  vs 
SUPPLY  VOLTAGE  (VDD) 


2w 
< 


V 
TA  •  -25'C 
-VBEf-.10W  

1 

V,NH-2.41 

 1 

V|NL  ■  0  8' 

?  '  '  r 

1 

Maa  IVOLTSI 


NONLINEARITY  vs 
SUPPLY  VOLTAGE 


TA  ■  ♦25*C 
VREF..10V 


10  IS 


GAIN  ERROR  vs 
SUPPLY  VOLTAGE 


TA  ■  ^S'C 
VR„ -.10V 


SUPPLY  CURRENT  vs 
SUPPLY  VOLTAGE 


VD0  IVOLTSI 


Vnn  IVOLTSI 
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APPLICATIONS  INFORMATION 
APPLICATION  TIPS 

Linearity  depends  upon  the  potential  of  I0ut  1  and  I011T2  (pins  1 
and  2)  being  exactly  equal  to  GND  (pin  3).  In  most  applications, 
the  OAC  is  connected  to  an  external  op  amp  with  its  noninvert- 
ing  input  tied  to  ground,  see  Figures  5  and  6.  The  amplifier 
selected  should  have  a  low  input  bias  current  and  low  drift  over 
temperature.  The  amplifier's  input  offset  voltage  should  be 
nulled  to  less  than  ±200mV  (less  than  10%  of  1  LSB). 

The  operational  amplifier's  noninverting  input  should  have  a 
minimum  resistance  connection  to  ground;  the  usual  bias 
current  compensation  resistor  should  not  be  used.  This  resistor 
can  cause  a  variable  offset  voltage  appearing  as  a  varying 
output  error.  All  grounded  pins  should  tie  to  a  common  ground 
point,  avoiding  ground  loops.  The  VDD  power  supply  should 
have  a  low  noise  level  with  no  transients  greater  than  +17V. 

Unused  digital  inputs  must  always  be  grounded  or  taken  to 
Vq0;  this  will  prevent  noise  from  triggering  the  high  impedance 
digital  input  resulting  in  output  errors.  It  is  also  recommended 
that  the  used  digital  inputs  be  taken  to  ground  or  VDD  via  a  high 
value  (1  MCI)  resistor;  this  will  prevent  the  accumulation  of  static 
charge  if  the  PC  card  is  disconnected  from  the  system. 

Peak  supply  current  flows  as  the  digital  inputs  pass  through  the 
transition  voltage.  The  supply  current  decreases  as  the  input 
voltage  approaches  the  supply  rails  (VDD  or  DGNO),  i.e.,  rapidly 
slewing  logic  signals  that  settle  very  near  the  supply  rails  will 
minimize  supply  current. 

OUTPUT  AMPLIFIER  CONSIDERATIONS 

For  low  speed  or  static  applications,  AC  specifications  of  the 
amplifier  are  not  very  critical.  In  high-speed  applications,  slew 
rate,  settling  time,  open-loop  gain,  and  gain/phase  margin 
specifications  of  the  amplifier  should  be  selected  for  the  desired 
performance.  It  has  already  been  noted  that  an  offset  can  be 
caused  by  including  the  usual  bias  current  compensation 
resistor  in  the  amplifier's  noninverting  input-terminal.  This 
resistor  should  not  be  used.  Instead,  the  amplifier  should  have  a 
bias  current  which  is  low  over  the  temperature  range  of  interest. 

The  static  accuracy  is  affected  by  the  variation  in  the  DAC's 
output  resistance.  This  variation  is  best  illustrated  by  using  the 
circuit  of  Figure  7  and  the  equation: 

Error  voltage  =  V0s  (  1  +  ^  ) 


FIGURE  7:  Simplified  Circuit 


Therefore,  the  offset  gain  varies  as  follows: 
At  code  0011 1111  1111;VErrori  =  Vos(i  +  ^)  =2vos 
At  code  0100  0000  0000:  VERR0R  2  =  Vos  (  1  +  =  ^  V0S 

The  error  difference  is  2/3  Vos- 

Since  one  LSB  has  a  weight  (for  VREF  = +10V)  of  2.5mV  for  the 
PM-7541A  DAC,  it  is  clearly  important  that  Vos  be  minimized, 
either  using  the  amplifier's  nulling  pins,  an  external  nulling 
network,  or  by  selection  of  an  amplifier  with  inherently  low  V0s- 
Amplifiers  with  sufficiently  low  Vos  include  PMI's  OP-77,  OP-07, 
and  OP-27. 

APPLICATIONS 

Figures  5,  6,  and  8  show  simple  unipolar  and  bipolar  circuits 
with  their  associated  waveforms  using  the  PM-7541 A  and  two 
types  of  PMI  output  amplifiers.  A  small  feedback  capacitor 
should  be  used  across  the  amplifier  to  help  prevent  overshoot 
and  ringing  when  using  high-speed  op  amps.  Resistor  R1  is 
used  tolrim  for  full  scale.  Low  tempco  (approximately  50ppm/°C) 
resistors  or  trimpotsshould  be  selected  when  gain  adjustments 
are  required. 


where  Ro  is  a  function  of  the  digital  code,  and: 
Ro  a  10kn  for  more  than  4-bits  of  logic  1 
Ro  3  30kil  for  any  single  bit  logic  1 
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UNIPOLAR  BINARY  OPERATION  (2-QUADRANT) 

The  circuits  of  Figures  5  and  6  can  either  be  used  as  a  fixed 
reference  D/A  converter,  or  as  an  attenuator  with  an  AC  input 
voltage.  In  the  fixed  reference  mode,  the  DAC  provides  an 
analog  output  voltage  in  the  range  of  zero  to  plus  or  minus  VREF, 
depending  on  Vref  polarity.  The  reference  input  voltage  can 
range  between  -20V  to  +20V;  this  is  due  to  the  ability  of  VREF 
being  able  to  exceed  VDi>  the  limiting  factor  being  the  op  amp's 
voltage  range.  Table  1  shows  the  code  relationship  for  the 
circuit  of  Figures  5  and  6.  R1  can  be  omitted  with  a  resulting 
maximum  gain  error  of  0.02%  of  full  scale. 


TABLE  1:  Unipolar  Binary  Code  Table 


DIGITAL  INPUT 
MSB  LSB 

NOMINAL  ANALOG  OUTPUT 
(Vout&s  shown  In  Figures  5  and  6) 

1111 

1111 

1111 

-MH) 

1000 

0000 

0001 

-Vref(I1D 

1  000 

0000 

0000 

_v  /2048\__VREF 
REFU096/  2 

0111 

1111 

1111 

w  /2047\ 
"VREF(4096j 

0000 

0000 

0001 

"VREF(4ok) 

0000 

0000 

0000 

-M«ss)-° 

NOTES: 

1.  Nominal  full  scale  lor  the  circuits  of  Figures  5  and  6  is  given  by 

FS=-MH)- 

2.  Nominal  LSB  magnitude  lor  the  circuits  of  Figures  5  and  6  Is  given  by 


BIPOLAR  BINARY  OPERATION  (4-QUADRANT) 

Figure  8  shows  a  simple  bipolar  output  circuit  using  the 
PM-7541A  and  a  PMI  OP-21S  dual  op  amp.  The  circuit  uses 
offset  binary  coding  and  a  fixed  DC  voltage  for  VREF. 
Digitally-controlled  attenuation  of  an  AC  signal  occurs  when 
the  signal  is  used  as  the  signal  source  at  VREF.  Negative 
output  full-scale  isadjusted  by  setting  the  digital  inputs  to  all 
zeros  and  adjusting  the  value  of  the  V|N  voltage  or  R5.  The 
zero-scale  output  voltage  is  adjusted  while  the  digital  inputs 
are  set  to  1000  0000  0000  by  adjusting  R1  for  a  zero  output 
voltage  (less  than  10%  of  1  LSB).  Resistors  R3,  R4,  and  R5 
must  be  selected  for  matching  and  tracking  in  order  to  keep 
offset  and  full  scale  errors  to  a  minimum.  Resistors  R1  and  R2 
temperature  coefficients  must  be  taken  into  account  if  they 
are  used.  C1  phase  compensation  capacitor  may  not  be 
needed  and  should  be  selected  empirically.  The  digital  input 
code  versus  analog  output  voltage  is  shown  in  Table  2. 


TABLE  2:  Bipolar  (Offset  Binary)  Code  Table 


DIGITAL  INPUT 
MSB  LSB 

NOMINAL  ANALOG  OUTPUT 
(Vout  •»  shown  (n  Figure  8) 

1111 

1111 

1111 

+Mi§£) 

1000 

0000 

0001 

1000 

0000 

0000 

0 

1111 

1111 

1111 

"VREF(204e) 

0000 

0000 

0001 

0000 

0000 

0000 

NOTES: 

1.  Nominal  lull  scale  lor  the  circuit  of  Figure  8  Is  given  by 

2.  Nominal  LSB  magnitude  for  the  circuit  ol  Figure  8  Is  given  by 

LSB  =  MaB5)- 
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FIGURE  &  Bipolar  Operation  (4-Quadrant  Multiplication) 


V0D 


VREF  PM-7M1A 


Pi 

g 


O 

u 

o 
o 


o 
fr 

i 

o 

P-H 

Q 


ANALOG/DIGITAL  DIVISION 

The  transfer  function  for  the  PM-7541A  connected  in  the 
multiplying  mode  as  shown  in  Figures  S  and  6  is: 

w  __u    /Ai+ A2+ A3.  A12\ 

where  Ax  assume  a  value  of  1  for  an  "ON"  bit  and  0  for  an 
"OFF'  bit. 

The  transfer  function  is  modified  when  the  DAC  is  connected 
In  the  feedback  of  an  operational  amplifier  as  shown  in  Figure  9, 
it  now  is: 


FIGURE  9:  Analog/Digital  Divider 


V0  = 


-Vim 


.21    I5    23 212, 


The  above  transfer  function  is  the  division  of  an  analog  voltage 
( Vref)  by  a  digital  word.  The  amplifier  goes  to  the  rails  with  all 
bits  "OFF'  since  division  by  zero  is  infinity.  With  all  bits  "ON", 
the  gain  is  1  (±1  LSB).  The  gain  becomes  4096  with  the  LSB, 
bit  12,  "ON ". 


'OUTI 


1  18 
2  1 

TT" 


^FEEDBACK 


'  L\ 

w-ot^6  1     o  v0UT 
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FEATURES 

•  4-Bit  Bus  Compatible  12-Bit  Multiplying  DAC 

•  Complete  Microprocessor  Interface  with  On-Chip  Address 
Decoding  and  Asynchronous  CLEAR  Input 

•  Fast  Interlace  Timing 

•  Superior  Accuracy:  ±1/2  LSB  INL  Error  Over  Temperature 
and  ±1  LSB  Gain  Error 

•  Excellent  Power  Supply  Rejection   0.002%/%  Max 

•  Reduced  Digital  Charge  Injection 

•  Reduced  Output  Capacitance 

•  Small  (16-Pin),  Narrow  (0.3")  DIP  Packages  Suitable  for 
Auto-Insertion  and  SO  Surface  Mount  Package 

•  Improved  ESD  Resistance 

•  Superior  Direct  Replacement  for  AD7542 

APPLICATIONS 

•  Process  Control  and  Industrial  Automation 

•  Programmable  Amplifiers 

•  Digitally-Controlled  Power  Supplies 

•  Digitally-Controlled  Attenuators 

•  Digitally-Controlled  Filters 

•  Instrumentation 

•  Avionics 


ORDERING  INFORMATION! 


GAIN 

NON- 

MILITARY* 

INDUSTRIAL  COMMERCIAL 

ERROR 

LINEARITY 

TEMPERATURE 

TEMPERATURE  TEMPERATURE 

±1LSB 

±1/2LSB 

PM7542AO 

PM7542EQ  PM7542GP 

±2LSB 

±1/2  LSB 

PM7542BQ 

PM7542FO  PM7542HP 

±2LSB 

±1/2LSB 

PM7542BRC/S83tt 

-  PM7542HStt 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /SB3  after 

part  number.  Consult  factory  for  853  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip.  plastic  dip,  8nd  TO-can  packages.  For  ordering  information,  see  1868 

Data  Book.  Section  2. 
ft  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 

contact  your  local  Bales  office. 


CROSS  REFERENCE 


TEMPERATURE 

PMI 

AOI 

RANGE 

PM7542AQ 

AD7542GTD 

PM7542BO 

AD7S42TD 

MIL 

PM7542BO 

AD7542SD 

PM7S42EQ 

AD75420B0 

PM7S42FQ 

AD7542BD 

IND 

PM7S42FQ 

AD7542AD 

PM7542GP 

AD7S42GKN 

PM7S42HP 

AD7S42KN 

COM 

PM7542HP 

AD7542JN 

PM-7542 

12-BIT  (4-BIT  NYBBLE  INPUT) 
MULTIPLYING  CMOS  D/A  CONVERTER 

PRELIMINARY 

GENERAL  DESCRIPTION 

The  PM-7542  is  a  12-bit  resolution,  current  output,  multiplying 
CMOS  DAC  with  a  microprocessor  interface  to  4-bit  busses. 
Improved  analog  accuracy,  a  fast  digital  interface,  and  input 
ESD  protective  circuitry  make  this  a  superior  second-source 
to  the  industry  standard  7542.  This  improved  performance 
permits  the  easy  upgrading  of  accuracy  and  ruggedness  in 
existing  designs. 

PIN  CONNECTIONS 


"outiLI  • 

33 

lounCE 

AONOfT 

<M8B)DS3(T 

TjJcTH 

DSifT 

■TJOGNO 

081  (T 

«]  At 

<LSB)DB0[T 

«]*» 

J3f7 

T]  WH 

si 


16-PIN  CERDIP 
(Q-Sufflx) 
16-PIN  EPOXY  DIP 
(P-Sufflx) 

16-PIN  SOL 
(S-Sufflx) 


rijJliJNHbjJS 

AOND  •]  Qt  v01> 

0B3  T|  Ql  CTB 

M.C.  T)  [u  N.C. 

OB2  ^  Qs  DGKD 

OBI  7]  fu  A1 

|  8  «j  li  s 

16-PIN  LCC 
(RC-Sufflx) 


FUNCTIONAL  BLOCK  DIAGRAM 


V«rO- 


CTRC- 


12-BIT 
MUITWIYINO  DAC 


CONTROL 
LOGIC 


III 


1S-SIT 
DAC  REGISTER 


7^ 


LOW  BYTE 

INPUT 
REGISTER 


MIODLE 

HIGH  BYTE 

BYTE 

INPUT 

INPUT 

REGISTER 

REGISTER 

^OIOUTI 
"OlouTl 

'  >AGNO 
3DGND 


This  preliminary  product  Information  Is  based  on  testing  of  a  limited  number  of  devices.  Final  specifications  may  vary.  Please  contact  local  sates 
office  or  distributor  for  final  data  sheet 
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Under  microprocessor  control,  4-bit  data  bytes  are  loaded 
from  a  data  bus  into  three  4-bit  input  registers.  The  resulting 
12-bit  data  word  can  then  be  transferred  to  a  DAC  register, 
updating  the  analog  output.  Data  input  and  transfer  opera- 
tions resemble  the  WRITE  cycle  of  a  static  RAM.  An  asynch- 
ronous CLEAR  input  permits  the  immediate  resetting  of  the 
DAC  register  to  all  zeros,  without  affecting  the  data  resident 
in  the  input  registers. 

Improved  linearity  and  gain  error  performance  may  permit  a 
reduced  circuit  parts  count  through  the  elimination  of  trim- 
ming components.  Fast  interface  timing  reduces  design 
considerations  while  minimizing  microprocessor  wait  states. 
The  PM-7542  is  available  in  standard  plastic  and  cerdip  pack- 
ages that  are  compatible  with  auto-insertion  equipment. 

ABSOLUTE  MAXIMUM  RATINGS 

(TA  =  +25°C,  unless  otherwise  noted.) 

VDD  (to  DGND)   +17V 

VREF  (to  DGND)   ±25V 

VRFB  (to  DGND)   ±25V 


AGND  to  DGND   -0.3V  to  VDD 

Digital  Input  Voltage  Range   -0.3V  to  VDD 

Output  voltage  (Pin  1,  Pin  2)   -0.3V  to  VDD 

Power  Dissipation  (Any  Package)   450mW 

Derate  Above  +75°C   6mW/°C 

Operating  Temperature  Range 

A/B/BRC  Versions   -55°C  to  +125°C 

E/F  versions   -40°C  to  +85"C 

GP/HP/HS  Versions   0°C  to  +70°C 

Dice  Junction  Temperature  +150°C 

Storage  Temperature   -65"C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)   300°C 

CAUTION: 


1.  Do  not  apply  voltages  higher  than  VDD  or  less  than  AGND  potential  on  any 
terminal  except  VBEF  (Pin  15)  and  RFB  (Pin  16). 

2.  The  digital  control  inputs  are  zener-protected;  however,  permanent  damage 
may  occur  on  unprotected  units  from  high*ertergy  electrostatic  fields.  Keep 
units  in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Use  proper  anti-static  handling  procedures. 

4.  Absolute  Maximum  Ratings  apply  to  both  packaged  devices  and  DICE. 
Stresses  above  those  listed  under  Absolute  Maximum  Ratings  may  cause 
permanent  damage  to  the  device. 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V;  VHEF  =  +10V;  V0UT1  =  V0UT2  =  VAGND  =  VDGN0  =  0V;  TA  =  -55°C  to 
+125-C  for  PM-7542AQ/BQ;  TA  =  -40°C  to  +85°C  for  PM-7542EQ/FQ;  and  TA  =  0°C  to  +70°C  for  PM-7542GP/HR  unless 
otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MEN 

PM-7542 

TYP 

MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

12 

Bits 

Nonllnearity 
(Note  1) 

INL 

±1/2 

LSB 

Differential  Nonlinearity 
(Note  2) 

DNL 

PM-7542A/E/G 
PM-7542B/F/H 

±1/2 
±1 

LSB 

Gain  Error 
(Note  3) 

GFSE 

TA  =  +25°C 

PM-7542A/E/G 

PM-7542 B/F/H 
TA  =  Full  Temp.  Range 

PM-7542A/E/G 

PM-7542B/F/H 

1 
2 

2 
3 

LSB 

Gain  Tempco 
(AGain/ATemp) 
(Note  6) 

±5 

ppm/"C 

Power  Supply 
Rejection  Ratio 
(AGain/ATemp) 

PSRR 

AV00  =  ±5% 

±0.002 

%/% 

Output  Leakage 
Current 
(Notes  4.  5) 

'iKO 

TA  =  +25"C 

TA  =  Full  Temp.  Range 
PM-7542A/B 
PM-7542E/F/G/H 

±5 

±100 
±25 

nA 

Zero  Scale  Error 
(Notes  a,  13) 

'ZSE 

TA  =  +25°C 

TA  =  Full  Temp.  Range 
PM-7542A/B 
PM-7542E/F/G/H 

0.002 

0.05 
0.01 

LSB 
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ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V;  VREF  =  +10V;  Vquti  =  V0ut2  =  VaqND  =  VDGND  =  OV;  TA  =  -55°C  to 
+125°C  for  PM-7542AQ/BQ;  TA  =  -40°C  to  +85°C  for  PM-7542EQ/FQ;  and  TA  =  0"C  to  +70°C  for  PM-7542GP/HP,  unless 
otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-7542 
TYP 

MAX 

UNITS 

Input  Resistance 
(Note  9) 

"in 

7 

11 

15 

kn 

AC  PERFORMANCE 

Output  Current 
Settling  Time 
(Notes  6.  7) 

«. 

TA  =  +25'C 

1 

(IS 

Digital  to  Analog 
Glitch  Energy 
(Note  6) 

0 

Vref  =  0V 

Iout  Load  =  1001) 

Cbtt  =  13PF 

DAC  register  loaded  alternately  with 
all  0s  and  all  is 

200 

nVs 

Total  Harmonic 
Distortion  (Note  6) 

THD 

VREF  =  6V  RMS  @  1kHz 
DAC  register  loaded  with  all  Is 

-90 

dB 

Output  Noise 
Voltage  Density 
(Notes  6.  14) 

8„ 

10Hz  to  100kHz 

measured  between  RFB  and  l0UT 

13 

nV/yfiz 

POWER  SUPPLY 

Supply  Voltage  Range 

4.75 

5 

5.25 

V 

Supply  Current 

'dd 

All  digital  inputs  =  VIH  or  V,L 
All  digital  inputs  =  0V  or  VDD 

2.5 
0.1 

mA 

DIGITAL  INPUTS 

Digital  Input  HIGH 

V,H 

2.4 

V 

Digital  Input  LOW 

V,L 

0.8 

V 

Input  Leakage 
Current  (Note  10) 

«IL 

V,N  =  0V  to  +5V 

±1 

("A 

Input  Capacitance 
(Note  6) 

0|N 

Vin  =  ov 

9 

PF 

ANALOG  OUTPUTS 

Output  Capacitance 
(Note  6) 

C0UT 

Digital  Inputs  =  VjH 

140 

PF 

Output  Capacitance 
(Note  6) 

Cqut 

Digital  Inputs  =  VjL 

70 

PF 

TIMING  CHARACTERISTICS  (Note  6) 

WRITE  Pulse  Width 

lWR 

TA  =  +25"C 

TA  -  Full  Temp.  Range 

120 
220 

ns 

CLEAR  Pulse  Width 

*C1.R 

TA  =  +Z5°C 

TA  =  Full  Temp.  Range 

200 
300 

ns 

Address  Valid  to 
WRITE  Hold  Time 

■awh 

TA  =  +25»C 

TA  =  Full  Temp.  Range 

50 
65 

ns 

Chip  Select  to 
WRITE  Hold  Time 

*CWH 

TA  =  +2S°C 

TA  =  Full  Temp.  Range 

SO 
100 

ns 

Input  Register  Loading 
Chip  Select  to 
WRITE  Set-up  Time 

'cws 

TA  =  +25°C 

TA  =  Full  Temp.  Range 

60 
130 

ns 
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ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V;  VREF  =  +10V;  V0UT1  =  VOUT2  =  VAGNo  =  Vognd  =  °V;  TA  =  -WC  to 
+125°C  for  PM-7542AQ/BQ;  TA  =  -40°C  to  +85°C  for  PM-7542EQ/FQ;  and  TA  =  0°C  to  +70°C  for  PM-7542QP/HP,  unless 
otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-7542 

TYP 

MAX 

UNITS 

Input  Register  Loading 
Address  Valid  to 
WRITE  Set-up  Time 

>AWS 

TA  =  +25'C 

TA  =  Full  Temp.  Range 

80 
180 

- 

- 

ns 

Data  Set-up  Time 

<os 

TA  =  +25°C 

TA  =  Full  Temp.  Range 

SO 
65 

ns 

Data  Hold  Time 

'oh 

TA  =  +25°C 

TA  =  Full  Temp.  Range 

50 
65 

ns 

DAC  Register  Loading 
Chip  Select  to  WRITE 
Set-up  Time 

>cws 

TA  =  +25°C 

TA  o  Full  Temp.  Range 

eo 

1S0 

ns 

DAC  Loading 
Address  Valid  to 
WRITE  Set-up  Time 

*aws 

TA  =  +25°C 

TA  =  Full  Temp.  Range 

120 
240 

ns 

NOTES: 

1.  ±1/2  LSB  =  ±0.012%  ol  Full  Scale. 

2.  All  grades  are  monotonic  to  12-bits  over  temperature. 

3.  Using  internal  feedback  resistor. 

4.  Applies  to  louiv  all  digital  inputs  =  Vtl. 

5.  Specillcation  also  applies  for  louts  when  all  digital  inputs  =  VIH. 

6.  Guaranteed  by  design  and  not  tested. 

7.  Iouti  Load  =  100(1.  CexT  =  13pF.  digital  input  =  0V  to  Voo  or  V0D  to  0V. 
«•  VnEF  =  +10V,  all  digital  Inputs  =  0V. 

9.  Absolute  temperature  coefficient  is  less  than  +50  ppm/°C. 


10.  Digital  inpuls  are  CMOS  gates;  l!N  Is  typically  1nA  at  +2S*C. 

11.  VREF  =  0V,  all  digital  inputs  =  0V  to  V0D  or  VD0  to  OV. 

12.  All  digital  inpuls  -  OV. 

13.  Calculated  from  worst  case  RnEF: 

lj8E  (in  LSBs)  =  (RREf  x  Imp  x  4096)/VREf. 

14.  Calculations  Irom  e0  =  V4K  TRB  where: 

K  =  Bollzmonn  constant,  J/'K      R  =  resistance  (I 
T  =  resistor  temperature.  °K       B  =  bandwidth,  Hz 


11-273 


10/87,  Rev.  B 


|„-  ,Ti  PM-7542  12-BIT  MULTIPLYING  CMOS  D/A  CONVERTER  —  PRELIMINARY 


WAFER  TEST  LIMITS  at  VDD- 

+  5V.  VREF  =  +10V;  Vquti  =  V0UT2  -  VAGND  = 

Vdgnd  =  OV,  TA  =  +25°C, 

unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

PM-7542GBC 
LIMIT 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

12 

Bits  MIN 

Integral  Nonlinearity 

INL 

±1/2 

LSB  MAX 

Differential  Nonlinearity 

DNL 

±1/2 

LSB  MAX 

Gain  Error 

GFSE 

Using  internal  feedback  resistor 

±1 

LSB  MAX 

Power  Supply  Rejection 
Ratio 

PSRH 

iVDD  =  ±5% 

±0.002 

%/%  MAX 

Output  Leakage 
Current  (l0UT1) 

'lkg 

Digital  Inputs  =  V,L 

±5 

nA  MAX 

REFERENCE  INPUT 

Input  Resistance 

rhef 

7/15 

kll  MIN/MAX 

DIGITAL  INPUTS 

Digital  Inpul  HIGH 

V,H 

2.4 

V  MIN 

Digital  Input  LOW 

0.8 

V  MAX 

Input  Leakage  Current 

III 

V,N  =  OV  to  V00 

±1 

MA  MAX 

POWER  SUPPLY 

Supply  Current 

Iqd 

Digital  Inputs  =  VIH  or  V,L 
Digital  Inputs  =  OV  or  V00 

2.5 
0  1 

mA  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  lactory  to  negotiate  specilications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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SPECIFICATION  DEFINITIONS 
RESOLUTION 

The  resolution  of  a  DAC  is  the  number  of  states  (2n)  that  the 
full-scale  range  (FSR)  is  divided  (or  resolved)  into,  where  "n" 
is  equal  to  the  number  of  bits. 

SETTLING  TIME 

Time  required  for  the  analog  output  of  the  DAC  to  settle  to 
within  1/2  LSB  of  its  final  value  for  a  given  digital  input 
stimulus;  i.e.  zero  to  full  scale. 

GAIN 

Ratio  of  the  DAC's  external  operational  amplifier  output  vol- 
tage to  the  Vref  input  voltage  when  all  digital  inputs  are 
HIGH. 

FEEDTHROUGH  ERROR 

Error  caused  by  capacitive  coupling  from  Vref  to  output. 
Feedthrough  error  limits  are  specified  with  all  switches  OFF. 

OUTPUT  CAPACITANCE 

Capacitance  from  Iouti  terminal  to  ground. 

OUTPUT  LEAKAGE  CURRENT 

Current  appearing  at  Iouti  when  all  digital  inputs  are  LOW,  or 
at  louT2  terminal  when  all  inputs  are  HIGH. 


GENERAL  CIRCUIT  INFORMATION 

The  PM-7542  is  a  12-bit  multiplying  D/A  converter  with  a  very 
low  temperature  coefficient,  R-2R  resistor  ladder  network, 
data  input  and  control  logic,  and  four  data  registers.  The  digi- 
tal circuitry  forms  an  interface  between  the  12-bit  DAC  and  a 
four-bit  data  bus. 

An  asynchronous  CLEAR  function  allows  resetting  the  DAC 
register  to  a  zero  code  (0000  0000  0000)  without  altering  data 
stored  in  the  registers. 

FIGURE  1:  Simplified  DAC  Circuit 


OIOITAL  INPUTS 
[SWITCHES  SHOWN  FOP.  OIQITAL  INPUTS  -HIOH") 


'THESE  SWITCHES  PERMANENTLY  -ON" 


A  simplified  circuit  of  the  PM-7542  DAC  is  shown  in  Figure  1. 
An  inverted  R-2R  ladder  network  consisting  of  silicon-chrome, 
thin-film  resistor,  and  twelve  pairs  of  NMOS  current-steering 
switches  steer  binarily  weighted  currents  into  either  loun  or 
Iout2<  Switching  current  to  Iouti  or  Iout2  yields  a  constant 
current  in  each  ladder  leg,  regardless  of  digital  input  code. 
This  constant  current  results  in  a  constant  input  resistance  at 
Vref  equal  to  R  (typically  11kfi).  The  Vref  inPut  mav  be  driven 
by  any  reference  voltage  or  current,  AC  or  DC,  that  is  within 
the  limits  stated  in  the  Absolute  Maximum  Ratings  chart. 

The  twelve  output  current-steering  switches  are  in  series  with 
the  R-2R  resistor  ladder,  and  therefore,  can  introduce  bit 
errors.  It  is  essential  then,  that  the  switch  "ON"  resistance  be 
binarily  scaled  so  that  the  voltage  drop  across  each  switch 
remains  constant.  If,  for  example,  switch  1  of  Figure  1  was 
designed  with  an  "ON"  resistance  of  10  ohms,  switch  2  for  20 
ohms,  etc.,  a  constant  5mV  drop  will  then  be  maintained 
across  each  switch. 

To  further  insure  accuracy  across  the  full  temperature  range, 
permanently  "ON"  MOS  switches  are  included  in  series  with 
the  feedback  resistor  and  the  R-2R  ladder's  terminating  resis- 
tor. The  "Simplified  DAC  Circuit",  Figure  1,  shows  the  location 
of  the  series  switches.  These  series  switches  are  equivalently 
scaled  to  two  times  switch  1  (MSB)  and  to  switch  12  (LSB) 
respectively  to  maintain  constant  relative  voltage  drops  with 
varying  temperature.  During  any  testing  of  the  resistor  ladder 
or  Rfeedback  (such  as  incoming  inspection),  VDd  must  be 
present  to  turn  "ON"  these  series  switches. 

ESD  PROTECTION 

The  PM-7542  data  inputs  have  been  designed  with  ESD 
resistance  incorporated  through  careful  layout  and  the  inclu- 
sion of  input  protection  circuitry. 

Figure  2  shows  the  input  protection  diodes.  High  voltage 
static  charges  applied  to  the  digital  inputs  are  shunted  to  the 
supply  and  ground  rails  through  forward  biased  diodes. 

These  protection  diodes  are  designed  to  clamp  the  inputs  well 
below  dangerous  levels  during  static  discharge  conditions. 

FIGURE  2:  Digital  Input  Protection 
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EQUIVALENT  CIRCUIT  ANALYSIS 

Figures  3  and  4  show  equivalent  circuits  for  the  DAC  with  all 
bits  LOW  and  HIGH,  respectively.  The  reference  current  is 
switched  to  Iout2  when  all  data  bits  are  LOW  and  to  loun 
when  all  bits  are  HIGH.  The  Ileakage  current  source  is  the 
combination  of  surface  and  junction  leakages  to  the  sub- 
strate. The  1/4096  current  source  represents  the  constant  1-bit 
current  drain  through  the  ladder's  terminating  resistor. 

Output  capacitance  is  dependent  upon  the  digital  input  code. 
This  is  because  the  gate  capacitance  of  MOS  transistors 
Increases  with  applied  gate  voltage.  This  output  capacitance 
varies  between  the  low  and  high  values. 

FIGURE  3:  PM-7542  Equivalent  Circuit  (All  Inputs  LOW) 
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;  R  -  Writ 
 0  "ogn 
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FIGURE  4:  PM-7542  Equivalent  Circuits  (All  Digital  Inputs 
HIGH) 


O  RpftOSACX 


DYNAMIC  PERFORMANCE 
OUTPUT  IMPEDANCE 

The  output  resistance,  as  in  the  case  of  the  output  capaci- 
tance, varies  with  the  digital  input  code.  This  resistance,  look- 
ing back  into  the  Iqut  terminal,  may  be  between  Hkfl  (the 
feedback  resistor  alone  when  all  digital  inputs  are  LOW)  and 
7.5kft  (the  feedback  resistor  in  parallel  with  approximately 
30kfl  of  the  R-2R  ladder  network  resistance  when  any  single 
bit  logic  is  HIGH).  Static  accuracy  and  dynamic  performance 
will  be  affected  by  these  variations.  The  gain  and  phase 
stability  of  the  output  amplifier,  board  layout,  and  power 


supply  decoupling  will  all  affect  the  dynamic  performance  of 
the  PM-7542.  The  use  of  a  compensation  capacitor  may  be 
required  when  high-speed  operational  amplifiers  are  used.  It 
may  be  connected  across  the  amplifier's  feedback  resistor  to 
provide  the  necessary  phase  compensation  to  critically  damp 
the  output. 

The  considerations  when  using  high-speed  amplifiers  are: 

1.  Phase  compensation  (see  Figures  8  and  9). 

2.  Power  supply  decoupling  at  the  device  socket  and  use  of 
proper  grounding  techniques. 

APPLICATIONS  INFORMATION 
APPLICATION  TIPS 

In  most  applications,  linearity  depends  upon  the  potential  of 
loun.  louT2<  and  AGND  (pins  1, 2,  and  3)  being  exactly  equal 
to  each  other.  In  most  applications,  the  DAC  is  connected  to 
an  external  op  amp  with  its  noninverting  input  tied  to  ground 
(see  Figures  8  and  9).  The  amplifier  selected  should  have  a 
low  input  bias  current  and  low  drift  over  temperature.  The 
amplifier's  input  offset  voltage  should  be  nulled  to  less  than 
±20<VV  (less  than  10%  of  1  LSB). 

The  operational  amplifier's  noninverting  input  should  have  a 
minimum  resistance  connection  to  ground;  the  usual  bias 
current  compensation  resistor  should  not  be  used.  This  resis- 
tor can  cause  a  variable  offset  voltage  appearing  as  a  varying 
output  error.  All  grounded  pins  should  tie  to  a  single  common 
ground  point,  avoiding  ground  loops.  The  VDD  power  supply 
should  have  a  low  noise  level  with  no  transients  greater 
than  +17V. 

Unused  digital  inputs  must  always  be  grounded  or  taken  to 
VDD;  this  will  prevent  noise  from  triggering  the  high  impe- 
dance digital  inputs  resulting  in  output  errors.  It  is  also 
recommended  that  the  used  digital  inputs  be  taken  to  ground 
or  VDD  via  a  high  value  (1Mfl)  resistor;  this  will  prevent  the 
accumulation  of  static  charge  if  the  PC  card  is  disconnected 
from  the  system. 

Peak  supply  current  flows  as  the  digital  inputs  pass  through 
the  transition  voltage.  The  supply  current  decreases  as  the 
input  voltage  approaches  the  supply  rails  (VDD  or  DGND),  i.e. 
rapidly  slewing  logic  signals  that  settle  very  near  the  supply 
rails  will  minimize  supply  current. 


OUTPUT  AMPLIFIER  CONSIDERATIONS 

When  using  high  speed  op  amps,  a  small  feedback  capacitor 
(typically  l5pF)  should  be  used  across  the  amplifier  to  mini- 
mize overshoot  and  ringing.  For  low  speed  or  static  applica- 
tions, AC  specifications  of  the  amplifier  are  not  very  critical. 
In  high-speed  applications,  slew  rate,  settling  time,  open-loop 
gain,  and  gain/phase  margin  specifications  of  the  amplifier 
should  be  selected  for  the  desired  performance.  It  has  already 
been  noted  that  an  offset  can  be  caused  by  including  the 
usual  bias  current  compensation  resistor  in  the  amplifier's 
noninverting  input  terminal.  This  resistor  should  not  be  used. 
Instead,  the  amplifier  should  have  a  bias  current  which  is  low 
over  the  temperature  range  of  interest. 
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FIGURE  5:  Simplified  Circuit 


Static  accuracy  is  affected  by  trie  variation  in  the  DAC's  out- 
put resistance.  This  variation  is  best  illustrated  by  using  the 
circuit  of  Figure  5  and  the  equation: 


Verror  =  vos 


('*) 


where  Ro  is  a  function  of  the  digital  code,  and: 
R0  =  10kn  for  more  than  four  bits  of  logic  1, 
Ro  =  30kn  for  any  single  bit  of  logic  1. 

Therefore,  the  offset  gain  varies  as  follows: 
at  code  0011  1111  1111, 


Verror  =  Vos 


(lOkn  \ 
iokn  J 


=  2V0S 


at  code  0100  0000  0000. 

iokn  \ 


Verror  -  vos 


30kO 


4/3VOS 


The  error  difference  is  2/3  Vos- 

Since  one  LSB  has  a  weight  (for  VREF  =  +10V)  of  2.4  mV  for 
the  PM-7542,  it  is  clearly  important  that  Vos  be  minimized. 


either  using  the  amplifier's  nulling  pins,  an  external  nulling 
network,  or  by  selection  of  an  amplifier  with  inherently  low 
V08.  Amplifiers  with  sufficiently  low  V0s  include  PMI's  OP-77, 
OP-07,  OP-27,  and  OP-42. 

INTERFACE  LOGIC  OPERATION 

The  PM-7542  has  been  designed  to  be  interfaced  as  a  memory 
mapped  output  device  as  shown  in  Figure  6. 

As  shown  in  the  device  truth  table,  Table  1,  CS  is  an  externally 
decoded  device  address,  selecting  the  device  when  needed. 

AO  and  A1  are  Internally  decoded  operation  addresses.  Each  of 
these  four  available  operations  requires  a  memory  location. 
Data  operations  are  performed  by  executing  a  memory  WRITE 
to  the  address  for  that  operation.  This  WRITE  cycle  is  identi- 
cal to  that  of  a  RAM.  Updating  the  entire  12-bit  data  word 
requires  four  WRITE  cycles  (three  data  nybble  loads  and  one 
data  word  transfer).  Timing  for  a  WRITE  cycle  is  shown  in 
Figure  7. 

The  CLR  input  allows  the  asynchronous  reset  of  the  DAC 
register  to  0000  0000  0000.  This  reset  does  not  affect  data 
held  in  the  input  registers.  While  in  unipolar  mode,  a  CLEAR 
will  result  in  the  analog  output  going  to  0V.  In  bipolar  mode, 
the  output  will  go  to  -VREF. 

INTERFACE  INPUT  DESCRIPTION 

CS  (Pin  8)— Chip  Select  Active  Low. 

Selected,  with  WR  data  into  an  input  register  or  transfer  data 

from  input  to  DAC  registers. 

WR  (Pin  9)— Write  Input  Active  Low. 
Selected,  with  CS  and  appropriate  address  inputs,  to  load 
data  into  an  input  register  or  transfer  data  from  input  to 
DAC  registers. 

AO  (Pin  10),  A1  (Pin  11)— Address  Inputs. 

Addressed,  with  CS  and  WR  selected,  to  perform  data  load 

or  data  transfer  operations.  See  Table  1  for  truth  table. 

CLR  (Pin  13)— Clear  Input  Active  Low.  Asynchronous. 
When  LOW,  12-bit  DAC  register  is  forced  to  a  zero  code  (0000 
0000  0000)  regardless  of  other  interface  inputs. 
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FIGURE  6:  Simplified  Input  Control  Structure 
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TABLE  1:  PM-7542  Truth  Table 


A1 


CONTROL  INPUTS 


AO 


CS 


WR 


CLR 


OPERATION 


X 

X 

X 

X  0 

Reset  12-bit  DAC  Register  to  Zero  Code  (Code 

not  flffpcf  Inout  RfwiiRtftP* 

1  IVl  QMvvl   II  l|SU%  ■  ivHlvlvl  w* 

=  0000  0000  0000).  Does 

X 

X 

1 

X  1 

No  operation.  Device  not  selected. 

0 

0 

0 

S  1 

Load  LOW  Byte  (Note  5) 
Data  Register  on 
Rising  Edge. 

Load 

0 

1 

0 

I  1 

Load  MIDDLE  Byte  (Note  5) 
Data  Register  on 
Rising  Edge. 

Addressed 
Data 
Register 
With  Data 

1 

0 

0 

I  1 

Load  HIGH  Byte  (Note  S) 
Data  Register  on 
Rising  Edge. 

at  DB0-DB3. 

1 

1 

0 

Load  DAC  Register  with  12-Bit  Data  In  LOW.  MIDDLE,  and  HIGH  Byte 
Data  Registers  (Note  6). 

NOTES; 

1.  1  Indicates  logic  HIGH 

2.  0  Indicates  logic  LOW 

3.  X  indicates  dont  care 

4.  /  Indicates  LOW  to  HIGH  transition 

5.  Input 

Data  Bit  OB3  DB2  081  DB0 
MSB-*-    X        X        X  X 


HIGH  BYTE 
6.  These  control  signals  are  level  triggered. 


OB3  D82  081  DB0 
X        X        X  X 

MIDDLE  BYTE 


DB3  D82  DB1 
XXX 


D80 
X 


LOW  BYTE 


FIGURE  7:  PM-7542  Timing  Diagram 
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UNIPOLAR  OPERATION  (2-QUADRANT) 

The  circuits  shown  in  Figures  B  and  9  may  be  used  with  an  AC 
or  DC  reference  voltage.  The  circuits  output  will  range  be- 
tween 0V  and  approximately  -VREf  (4095/4096)  depending 
upon  the  digital  input  code.  The  relationship  between  the 
digital  input  and  the  analog  output  is  shown  in  Table  2.  The 
limiting  parameters  for  the  VREF  range  are  the  maximum  input 
voltage  range  of  the  op  amp  or  ±25V,  whichever  is  lowest. 

FIGURE  8:  Unipolar  Operation  with  High  Accuracy  Op  Amp 
(2-Quadrant) 
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FIGURE  9:  Unipolar  Operation  with  Fast  Op  Amp  and  Gain 
Error  Trimming  (2-Quadrant) 


TABLE  3:  Bipolar  (Offset  Binary)  Code  Table 


B1 


BIT  3  O-j-H 
DATA  j 

INPUT  | 
BIT  D  O-*- 


X 


Gain  error  may  be  trimmed  by  adjusting  R1  as  shown  in 
Figure  9.  The  DAC  register  must  first  be  loaded  with  all  1s.  R1 
may  then  be  adjusted  until  Vqut  =  ~VREF  (4095/4096).  In  the 
case  of  an  adjustable  VREF,  R1  and  Rfeedback  may  be  omit- 
ted, with  VREF  adjusted  to  yield  the  desired  full-scale  output. 

In  many  applications  the  PM-7542's  negligible  zero  scale 
error  and  very  low  gain  error  permit  the  elimination  of  the 
trimming  components  (R1  and  the  external  Rfeedback)  witn" 
out  adverse  effects  on  circuit  performance. 

TABLE  2:  Unipolar  Code  Table 


DIGITAL  INPUT 
MSB  LSB 

NOMINAL  ANALOG  OUTPUT 
(Vout  as  shown 
in  Figures  8  and  9) 

1111 

1111 

1111 

-Vref 

(4095\ 
1,4096/ 

10  0  0 

0  0  0  0 

0  0  0  1 

-Vref 

(2049N 
U096^ 

10  0  0 

0  0  0  0 

0  0  0  0 

-Vref 

/2048\  _  Vref 
\4096)  2 

0  111 

1111 

1111 

-Vref 

f 2047  \ 
U096/ 

0  0  0  0 

0  0  0  0 

0  0  0  1 

-Vref 

,4096") 

0  0  0  0 

0  0  0  0 

0  0  0  0 

-Vref 

(«&)-• 

NOTES: 

1.  Nominal  lull  scale  for  the  circuits  of  Figures  8  and  9  is  given  by 

2.  Nominal  LSB  magnitude  for  the  circuits  of  Figures  8  and  9  is  given  by 
LSB  =  Vref  (^)  or  VREF  (2""). 


DIGITAL  INPUT 
MSB  LSB 

NOMINAL  ANALOG  OUTPUT 
(Vout  as  shown  in  Figure  10) 

1111 

1111 

1111 

+Vref  (fo48") 

10  0  0 

0  0  0  0 

0  0  0  1 

+Vref  (2048") 

10  0  0 

0  0  0  0 

0  0  0  0 

0 

1111 

1111 

1111 

-Vref  (able) 

0  0  0  0 

0  0  0  0 

0  0  0  1 

~Vref  (loll) 

0  0  0  0 

0  0  0  0 

0  0  0  0 

"Vref  (HH) 

NOTES: 

1.  Nominal  full  scale  for  the  circuit  of  Figure  10  is  given  by 

FS  =  v«ef  (loti)- 

2.  Nominal  LSB  magnitude  for  the  circuit  of  Figure  10  is  given  by 

BIPOLAR  OPERATION  (4-QUADRANT) 

Figure  10  details  a  suggested  circuit  for  bipolar,  or  offset 
binary  operation.  Table  3  shows  the  digital  input  to  analog 
output  relationship.  The  circuit  uses  offset  binary  coding. 
Two's  complement  code  can  be  converted  to  offset  binary  by 
software  inversion  of  the  MSB  or  by  the  addition  of  an 
external  inverter  to  the  MSB  input. 

Resistors  R3,  R4,  and  RS  must  be  selected  to  match  within 
0.01%  and  must  all  be  of  the  same  (preferably  metal  foil)  type 
to  assure  temperture  coefficient  matching.  Mismatching  be- 
tween R3  and  R4  causes  offset  and  full  scale  errors  while  an 
R5  to  R4  and  R3  mismatch  will  result  in  full-scale  error. 

Calibration  is  performed  by  loading  the  DAC  register  with 
1000  0000  0000  and  adjusting  R1  until  V0ut  =  0V.  R1  and  R2 
may  be  omitted,  adjusting  the  ratio  of  R3  to  R4  to  yield  Vout 
=  0V.  Full  scale  can  be  adjusted  by  loading  the  DAC  register 
with  1111  1111  1111  and  either  adjusting  the  amplitude  of  VREf 
or  the  value  of  R5  until  the  desired  Vout  is  achieved. 
ANALOG/DIGITAL  DIVISION 

The  transfer  function  for  the  PM-7542  connected  in  the 
multiplying  mode  as  shown  in  Figures  8  and  9  Is: 

v0  =  -vtN  (—  +  —  +  —  +  ...  ^) 
0        tN\2'      22     23  2«/ 

where  Ax  assumes  a  value  of  1  for  an  "ON"  bit  and  0  for  an 
"OFF'  bit. 
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FIGURE  10:  Bipolar  Operation  (4-Quadrant,  Offset  Binary) 
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FIGURE  11:  Analog/Digital  Divider 
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The  transfer  function  is  modified  when  the  DAC  is  connected 
in  the  feedback  of  an  operational  amplifier  as  shown  in 
Figure  11.  It  is  now: 


V0  = 


-Vcn 


21      22     23      "  212 


The  above  transfer  function  is  the  division  of  an  analog 
voltage  (VBEF)  by  a  digital  word.  The  amplifier  goes  to  the 
rails  with  all  bits  "OFF'  since  division  by  zero  is  infinity.  With 
all  bits  "ON",  the  gain  is  1  (±1  LSB).  The  gain  becomes  4096 
with  the  LSB,  bit  12,  "ON". 


INTERFACING  TO  THE  MC6800 

A  typical  interface  configuration  is  shown  in  Figure  12.  Data 
loading  and  transfer  is  performed  by  executing  memory 
WRITE  operations  to  the  four  operational  addresses  specified 
by  A1  and  AO. 

Addresses  AABB,  AABB+1,  and  AABB+2  are  assigned  to 
load  data  into  the  low,  middle,  and  high  byte  registers,  respec- 
tively. Data  transfer  from  input  to  DAC  registers  is  assigned  to 
address  AABB+3.  Eight  bits  of  the  full  12-bit  data  word  are 
stored  in  memory  location  XXYY.  The  most  significant  data 
bits  occupy  the  lower  four  bits  of  memory  location  XXYY+1. 

FIGURE  12:  Interfacing  the  PM-7542  to  the  MC6800 
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DATA  OPERATIONS  SUBROUTINE 


JSR 

wwzz 

Jump  to  Data  Op  Routine 
at  WWZZ 

WW22  PSHA 

Push  Acc.  A  Onto  Stack 

TPA 

PSH  A 

Push  CCR  Onto  Stack 

LDA  A 

XXYY 

Load  Data  to  Acc. 

STA  A 

AABB 

Load  Low  Byte 

ROR  A 

Rotate  Right 

ROR  A 

ROR  A 

ROR  A 

STA  A 

AABB+1 

Load  Middle  Byte 

LDA  A 

XXYY+1 

Load  Most  Significant  Byte 
to  Acc. 

STA  A 

AABB+2 

Load  High  Byte 

STA  A 

AABB+3 

Transfer  Data  Word 
to  DAC  Register 

PUL  A 

TAP 

Pop  CCR  From  Stack 

PUL  A 

Pop  Acc.  A  From  Stack 

RTS 

Return  to  Main  Program 
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FEATURES 

•  Fast,  Flexible  Microprocessor  Interface  with  Serial  Data 
Input 

•  Superior  Accuracy 

±1/2  LSB  INL  Max 

±1  LSB  Gain  Error  Max 

Low  5ppm/°C  Max  Tempco 

•  Improved  ESD  Resistance 

•  Auto-lnsertable  DIP  Package 

•  Surface  Mount  SOL  Package 

•  Superior  Direct  Replacement  for  AD7543 

APPLICATIONS 

•  Process  Control  and  Industrial  Automation 

•  Programmable  Amplifiers 

•  Digitally-Controlled  Power  Supplies 

•  Digitally-Controlled  Attenuators 

•  Digitally-Controlled  Filters 

•  Instrumentation 

•  Avionics 

•  Auto-Calibration  Systems 
ORDERING  INFORMATION! 


GAIN 
ERROR 

NON- 
LINEARITY 

TEMPERATURE  RANGE 

MILITARY* 

INDUSTRIAL  COMMMERCIAL 

±1LSB 
±2LSB 
±2LSB 

+1/2LSB 
±1/2LSB 
±V2LSB 

PM7543AQ 
PM7543BO 
PM7543BRC/B83tt 

PM7543EQ  PM7543GP 
PM7543FQ  PM7543HP 
—  PM7543HStt 

*  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /8S3  after 
part  number.  Consult  factory  for  /883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts 
in  cerdip,  and  plastic  dip,  and  TO-can  packages^For  ordering  Information, 
see  1888  Data  Book,  Section  2. 
ttFor  availability  and  burn-in  information  on  SO  and  PLCC  packages, 
contact  your  local  sales  office. 


CROSS  REFERENCE 


TEMPERATURE 

PMI 

ADI 

RANGE 

PM7543AO 

AD7543GTD 

PM7543BQ 

A07543TD 

MIL 

PM7543BQ 

AD7S43SO 

PM7S43EO 

AD7543GBD 

PM7543FO 

AD7543BO 

IND 

PM7543FO 

AD7543AD 

PM7543QP 

AD7S43GKN 

PM7543HP 

AD7S43KN 

COM 

PM7S43HP 

AD7S43JN 

PM-7543 

12-BIT  SERIAL  INPUT 
MULTIPLYING  CMOS  D/A  CONVERTER 

PRELIMINARY 

GENERAL  DESCRIPTION 

The  PM-7543  is  a  12-bit  resolution,  current  output,  multiplying 
CMOS  DAC  with  a  serial  data  input.  Serial  data  input  allows  a 
reduced  pin  count  and  conserves  PC  board  space.  Improved 
analog  performance,  a  fast  microprocessor  interface,  and 
improved  ESD  protective  circuitry  make  the  PM-7543  a  supe- 
rior pin-compatible  second-source  to  the  industry  standard 
7543.  Improved  analog  parameters  such  as  digital  charge 
injection,  power  supply  rejection,  output  capacitance,  and 
feedthrough,  result  in  greater  ease  of  application.  This  im- 
proved performance  permits  the  easy  upgrading  of  accuracy 
and  ruggedness  in  existing  designs. 

The  PM-7543  consists  of  a  serial-in,  parallel-out  12-bit  wide 
shift  register,  a  12-bit  wide  DAC  register,  and  a  12-bit  DAC. 
Serial  data  is  clocked  from  the  SRI  pin  into  a  12-bit  input  shift 
register.  The  strobe  inputs  are  used  to  clock  in  data  on  (user 
selected)  rising  or  falling  strobe  edges.  When  the  shift  reg- 


PIN  CONNECTIONS 


'oun[T 
•outj(T 

AQNDfT 
STBlfT 

LOifT 
NX.  [7 

SRI  [7 
8TB2[T 


m]  Bra 
33  Vim, 

13*00 

isjeln 
TiJognd 

T7]STB4 
jo]  STH3 

T)u» 


16-PIN  EPOXY  DIP 
(P-Suffix) 

16-PIN  CERDIP 
(Q-Sufflx) 

16-PIN  SOL 
(S-Suffix) 


FUNCTIONAL  BLOCK  DIAGRAM 


FUNCTIONAL  DIAGRAM 


12-BIT  DM  CONVERTER 


i-!-0, 


DAC  REGISTER 
LOAD 


INPUT  REGISTER 
(T2-6IT  SHIFT  REGISTER) 


O  lour  I 
OAONO 


This  preliminary  product  Information  is  based  on  testing  of  a  limited  number  of  devices.  Final  specifications  may  vary.  Please  contact  local 
sales  office  or  distributor  for  final  data  sheeL 
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ister's  data  has  been  updated,  the  new  data  word  is  trans- 
ferred to  the  DAC  register  with  use  of  the  LOAD  inputs. 

Separate  LOAD  control  inputs  allow  simultaneous  output 
updating  of  multiple  DACs.  An  asynchronous  CLEAR  input 
permits  resetting  of  the  DAC  register  without  altering  the  data 
resident  in  the  input  register. 

Improved  linearity  and  gain  error  performance  may  permit 
reduced  circuit  parts  count  through  the  elimination  of  trim- 
ming components.  Fast  interface  timing  may  reduce  timing 
design  considerations  while  minimizing  microprocessor  wait 
states.  The  PM-7543  is  available  in  standard  plastic  and 
cerdip  packages  that  are  compatible  with  auto-insertion  equip- 
ment. For  an  even  smaller  package,  consider  the  DAC-6043, 
available  in  an  8-pin  mini-DIR 

ABSOLUTE  MAXIMUM  RATINGS  (TA  =  +25°C,  unless 
otherwise  noted.) 

VD0  (to  DGND)   +17V 

VREF  (to  DGND)  ±25V 

VBFB  (to  DGND)   ±25V 


AGND  to  DGND   -0.3V  to  VDD 

Digital  Input  Voltage  Range   -0,3V  to  VDD 

Output  Voltage  (Pin  1,  Pin  2)   -0.3V  to  V0D 

Power  Dissipation  (Any  Package)   450mW 

Derate  Above  +7S°C   emvWC 

Operating  Temperature  Range 

AX/BX  Versions   -55°C  to  +125°C 

EX/FX  Versions   -40°C  to +85°C 

GP/HP  Versions   0°C  to  +70°C 

Dice  Junction  Temperature   +150°C 

Storage  Temperature   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)   300°C 

CAUTION.' 

1.  Do  not  apply  voltages  higher  ttian  V00  or  less  than  AGND  potential  on  any 
terminal  except  VREF  (Pin  15)  and  RfB  (Pin  16). 

2.  The  digital  control  Inputs  are  zener-protected;  however,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep 
units  in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Use  proper  anti-static  handling  procedures. 

4.  Absolute  Maximum  Ratings  apply  to  both  packaged  devices  and  DICE. 
Stresses  above  those  listed  under  Absolute  Maximum  Ratings  may  cause 
permanent  damage  to  the  device. 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V;  VREF  =  +10V;  V0Uti  =  V0UT2  =  VAGND  =  VDGND  =  OV;  TA  =  -55°C  to 
+125°C  for  PM-7543AR/BR;  TA  =  -40°C  to  +85°C  for  PM-7543ER/FR;  and  TA  =  0°C  to  +70°C  for  PM-7543GP/HP/HS, 
unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-7543 
TVP 

MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

12 

Bits 

Nonlineartty 
(Note  1) 

INL 

±1/2 

LSB 

Differential  Nonlinearity 
(Note  2) 

DNL 

PM-7543A/E/G 
PM-7S43B/F/H 

±1/2 
±1 

LSB 

Gain  Error 
(Note  3) 

eFSE 

TA  =  +25'C 

PM-7543A/E/G 

PM-7S43B/F/H 
TA  =  Full  Temp.  Range 

PM-7543A/E/G 

PM-7543B/F/H 

1 
2 

2 
3 

LSB 

Gain  Tempco 
(AGain/ATemp) 
(Note  6) 

TCGfs 

±5 

ppm/°C 

Power  Supply 
Rejection  Ratio 
(AGain/ATemp) 

PSRR 

AVDD  =  ±5% 

±0.002 

%/°k 

Output  Leakage  Current 
(Notes  4.  5) 

'lkq 

TA  =  +25°C 

TA  =  Full  Temp.  Range 
PM-7543A/B 
PM-7S43E/F/G/H 

±5 

±100 
±25 

nA 

Zero  Scale  Error 
(Notes  8,  13) 

'ZSE 

TA  =  +25°C 

TA  =  Full  Temp.  Range 
PM-7S43A/B 
PM-7S43E/F/G/H 

0.002 

0.05 
0.01 

LSB 

tnput  Resistance 
(Note  9) 

RIN 

7 

11 

15 

kn 

to 
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ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V;  VnEF  =  +10V;  V0Uti  =  V0UT2  =  VAGND  =  VDGnd  =  OV;  TA  =  -55'C  to 
+125°C  for  PM-7543AR/BR;  TA  =  -40°C  to  +85°C  for  PM-7543ER/FR;  and  TA  =  0"C  to  +70°C  for  PM-7543GP/HP/HS. 
unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-7543 
TYP 

MAX 

UNITS 

AC  PERFORMANCE 

Output  Current 
Settling  Time 
(Notes  6.  7) 

t. 

TA  =  +25'C 

1 

ws 

Digital  to  Analog 
Glitch  Energy 
(Note  6) 

0 

Vref=0V 

l0UT  Load  •-  toon 

Cext  =  «pF 

DAC  register  loaded  alternately  with 
all  Oa  and  all  Is 

200 

nVs 

Total  Harmonic 
Distortion  (Note  6) 

THD 

VREF  =  6V  RMS  @  1kHz 
DAC  register  loaded  with  all  1s 

-90 

dB 

Output  Noise 
Voltage  Density 
(Notes  6.  14) 

% 

10Hz  to  100kHz 

measured  between  RpQ  and  l0UT 

13 

nV/VFET 

DIGITAL  INPUTS 

Digital  Input  HIGH 

V,H 

2.4 

V 

Digital  Input  LOW 

V,L 

0.6 

V 

Input  Leakage 
Current  (Note  10) 

I.L 

V|N  =  OV  to  +SV 

±1 

*A 

Input  Capacitance 
(Note  6) 

V,N  =  OV 

8 

PF 

ANALOG  OUTPUTS 

Output  Capacitance 
(Note  6) 

COUT 

Digital  Inputs  =  VIH 

140 

pF 

Output  Capacitance 
(Note  6) 

COUT 

Digital  Inputs  =  VIL 

70 

PF 

TIMING  CHARACTERISTICS  (Note  6) 

t081 

STB1  used        TA  =  +25»C 

as  the  strobe     TA  =  Full  Temp.  Range 

SO 
100 

Serial  Input  to 

(OS2 

STB2  used        TA  =  +25-0 

as  the  strobe     TA  =  Full  Temp.  Range 

20 
40 

ns 

Strobe  Setup  Times 

<OS3 

STB3  used        TA  =  +25'C 

as  the  strobe     TA  =  Full  Temp.  Range 

0 
0 

>DS4 

STB4  used        TA  =  +25"C 

as  the  strobe     TA  =  Full  Temp.  Range 

0 
0 

'OHl 

STB1  used        TA  =  +25"C 

as  the  strobe     TA  —  Full  Temp.  Range 

30 
60 

Serial  Input  to 

'OH2 

STB2  used         TA  =  +25"C 

as  the  strobe     TA  =  Full  Temp.  Range 

60 
120 

ns 

Strobe  Hold  Times 

(DH3 

STB3  used        TA  =  +25*0 

as  the  strobe     TA  =  Full  Temp.  Range 

80 
160 

•oH4 

STB4  used        TA  =  +2S"C 

as  the  strobe     TA  =  Full  Temp.  Range 

80 
160 
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ELECTRICAL  CHARACTERISTICS  at  VD0  =  +5V;  VREF  =  +10V;  V0UT1  =  V0UT2  =  Vagnd  =  Vdgnd  =  °V;  TA  =  -55°C  to 
+125°C  for  PM-7543AR/BR;  TA  =  -40°C  to  +85°C  for  PM-7543ER/FR;  and  TA  =  0°C  to  +70°C  for  PM-7543GP/HP/HS, 
unless  otherwise  noted.  (Continued) 


PM-7543 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

UNITS 

Dflffl  PiilBA  Width 
on i  wan  ruiMj  yviuui 

Wl 

TA  =  +2S'C 

TA  =  Full  Temp.  Range 

80 
160 

STBI  Pulse  Width 

tSTBI 

TA  =  +2S"C 

TA  =  Full  Temp.  Range 

SO 
180 

— =  : 

—  — 

STB2  Putse  Width 

lSTB2 

TA  =  +25'C 

TA  =  Full  Temp.  Range 

80 
160 

—  — 

RS 

STB3  Pulse  Width 

tsTB3 

TA  =  +2S»C 

TA  =  Full  Temp.  Range 

100 
200 

_ 

AS 

STB4  Pulse  Width 

•STB4 

TA  =  +2S*C 

TA  =  Full  Temp.  Range 

100 
200 

ns 

Load  Pulse  Width 

'lDI-  *LD2 

TA  =  +25-C 

TA  =  Full  Temp.  Range 

150 
300 

ns 

LSB  Strobe  into  Input  Register 

TA  =  +2S-C 

0 

ns 

to  Load  DAC  Register  Time 

>ASB 

TA  =  Full  Temp.  Range 

0 

CLR  Pulse  Width 

•CLB 

TA  =  +25'C 

TA  =  Full  Temp.  Range 

200 
400 

ns 

POWER  SUPPLY 

Supply  Voltage 

4.75 

5  5.25 

V 

Supply  Current 

Idd 

All  digital  inputs  =  VIH  or  V,L 
Ail  digital  inputs  =  OV  or  VD0 

-  2.5 

-  0.1 

mA 

NOTES: 

1.  1V2  LSB  -  ±0.012%  of  Full  Scale. 

2.  All  grades  are  monotonlc  to  12-bits  over  temperature. 

3.  Using  internal  feedback  resistor. 

4.  Applies  to  Iouti;  all  digital  inputs  =  VIL. 

5.  Specification  also  applies  for  I0ut2  when  all  digital  inputs  =  VIH. 

6.  Guaranteed  by  design  and  not  tested. 

7.  I0uti  Load  =  10011.  Cext  ■  13pF.  digital  input  =  0V  to  VDD  or  V0D  to  0V. 
8-  Vref  =  +10V,  all  digital  inputs  =  0V. 

9.  Absolute  temperature  coefficient  is  less  than  +50ppm/°C. 


10.  Digital  inputs  are  CMOS  gales;  l1N  is  typically  InA  at  +25"C. 

11.  VREF  -  ov>  all  digital  inputs  =  0V  to  VDD  or  VDD  to  OV. 

12.  All  digital  inputs  =  0V. 

13.  Calculated  from  worst  case  Rref: 

l2SE  (in  LSBs)  =  (RREf  X  llK0  X  4096)/VREF. 


Calculations  from  en  =  v/4K  TRB  where: 

K  =  Boltzmann  constant,  J/'K      R  =  resistance  II 

T  =  resistor  temperature,  *K        B  =  bandwidth,  Hz 
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DICE  CHARACTERISTICS 


DIE  SIZE  0.116  X  0.109  Inch,  12,644  sq.  mils 
(2.95  X  2.77  mm,  8.17  sq.  mm) 


WAFER  TEST  LIMITS  at  VDD  =  +5V;  V 

ref  -  +10V;  V0UT1  -  VOUT2  —  VAGND 

-VDGND  =  0V,TA  =  +25°C, 

unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

PM-7543G 

LIMIT 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

12 

Bits  MIN 

Integral  Nonlinearity 

INL 

±1/2 

LSB  MAX 

Differential  Nonlinearity 

DNL 

±1/2 

LSB  MAX 

Gain  Error 

GFSE 

Using  internal  feedback  resistor 

±1 

LSB  MAX 

Power  Supply 
Rejection  Ratio 

PSRR 

MDD  =  ±5% 

+0002 

%/%  MAX 

Output  Leakage 
Current  (l0UT1) 

'lkg 

Digital  Inputs  =  V)L 

±5 

nA  MAX 

REFERENCE  INPUT 

Input  Resistance 

RR6f 

7/15 

kn  MIN/MAX 

DIGITAL  INPUTS 

Digital  Input  HIGH 

2.4 

V  MIN 

Digital  Input  LOW 

V 

0.8 

V  MAX 

Input  Leakage  Current 

1.1 

±1 

uA  MAX 

POWER  SUPPLY 

Supply  Current 

'oo 

Digital  Inputs  =  VIH  or  V)L 
Digital  Inputs  =  0V  or  V00 

2.5 
0.1 

mA  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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SPECIFICATION  DEFINITIONS 
RESOLUTION 

The  resolution  of  a  DAC  is  the  number  of  states  (2")  that  the 
full-scale  range  (FSR)  is  divided  (or  resolved)  into,  where  "n" 
is  equal  to  the  number  of  bits. 

SETTLING  TIME 

Time  required  for  the  analog  output  of  the  DAC  to  settle  to 
within  1/2  LSB  of  its  final  value  for  a  given  digital  input 
stimulus;  i.e.  zero  to  full  scale. 

GAIN 

Ratio  of  the  DAC's  external  operational  amplifier  output  vol- 
tage to  the  VREF  input  voltage  when  all  digital  inputs  are 
HIGH. 

FEEDTH ROUGH  ERROR 

Error  caused  by  capacitive  coupling  from  VnEF  to  output. 
Feedthrough  error  limits  are  specified  with  all  switches  OFF. 

OUTPUT  CAPACITANCE 

Capacitance  from  I0uti  to  ground. 

OUTPUT  LEAKAGE  CURRENT 

Current  appearing  at  loirn  when  all  digital  inputs  are  LOW,  or 
at  I0ut2  terminal  when  all  inputs  are  HIGH. 

GENERAL  CIRCUIT  INFORMATION 

The  PM-7543  is  a  12-bit  multiplying  D/A  converter  with  a  very 
low  temperature  coefficient,  R-2R  resistor  ladder  network, 
data  input  and  control  logic,  and  two  data  registers.  The 
digital  circuitry  forms  an  Interface  in  which  serial  data  can  be 
loaded,  under  microprocessor  control,  into  a  12-bit  shift  reg- 
ister and  then  transferred,  in  parallel,  to  the  12-bit  DAC 
register. 

An  asynchronous  CLEAR  function  allows  resetting  the  DAC 
register  to  a  zero  code  (0000  0000  0000)  without  altering  data 
stored  in  the  registers. 


A  simplified  circuit  of  the  PM-7543  DAC  is  shown  in  Figure  1. 
An  inverted  R-2R  ladder  network  consisting  of  silicon-chrome, 
thin-film  resistor,  and  twelve  pairs  of  NMOS  current-steering 
switches  steer  binarily  weighted  currents  into  either  loim  or 
*OUT2-  Switching  current  to  Iouti  or  loin?  yields  a  constant 
current  in  each  ladder  leg,  regardless  of  digital  input  code. 
This  constant  current  results  in  a  constant  input  resistance  at 
VREF  equal  to  R  (typically  11kfl).  The  VneF  input  may  be  driven 
by  any  reference  voltage  or  current,  AC  or  DC,  that  is  within 
the  limits  stated  in  the  Absolute  Maximum  Ratings  chart. 

The  twelve  output  current-steering  switches  are  in  series  with 
the  R-2R  resistor  ladder,  and  therefore,  can  introduce  bit 
errors.  It  is  essential  then,  that  the  switch  "ON"  resistance  be 
binarily  scaled  so  that  the  voltage  drop  across  each  switch 
remains  constant.  If,  for  example,  switch  1  of  Figure  1  was 
designed  with  an  "ON"  resistance  of  10  ohms,  switch  2  for  20 
ohms,  etc.,  a  constant  5mV  drop  will  then  be  maintained 
across  each  switch. 

To  further  insure  accuracy  across  the  full  temperature  range, 
permanently  "ON"  MOS  switches  are  included  in  series  with 
the  feedback  resistor  and  the  R-2R  ladder's  terminating  resis- 
tor. The  "Simplified  DAC  Circuit",  Figure  1,  shows  the  location 
of  the  series  switches.  These  series  switches  are  equivalently 
scaled  to  two  times  switch  1  (MSB)  and  to  switch  12  (LSB) 
respectively  to  maintain  constant  relative  voltage  drops  with 
varying  temperature.  During  any  testing  of  the  resistor  ladder 
or  Rfeedback  (such  as  incoming  inspection),  Vdd  must  be 
present  to  turn  "ON"  these  series  switches. 

ESD  PROTECTION 

The  PM-7543  data  inputs  have  been  designed  with  ESD 
resistance  incorporated  through  careful  layout  and  the  inclu- 
sion of  input  protection  circuitry. 

Figure  2  shows  the  input  protection  diodes.  High  voltage 
static  charges  applied  to  the  digital  inputs  are  shunted  to  the 
supply  and  ground  rails  through  forward  biased  diodes. 

These  protection  diodes  are  designed  to  clamp  the  inputs  well 
below  dangerous  levels  during  static  discharge  conditions. 
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FIGURE  1:  Simplified  DAC  Circuit 


FIGURE  2:  Digital  Input  Protection 
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EQUIVALENT  CIRCUIT  ANALYSIS 

Figures  3  and  4  show  equivalent  circuits  for  the  DAC  with  all 
bits  LOW  and  HIGH,  respectively.  The  reference  current  is 
switched  to  Iout2  when  all  data  bits  are  LOW,  and  to  Iouti 
when  all  bits  are  HIGH.  The  Leakage  current  source  is  the 
combination  of  surface  and  junction  leakages  to  the  sub- 
strate. The  1/4096  current  source  represents  the  constant  1-bit 
current  drain  through  the  ladder's  terminating  resistor. 

Output  capacitance  is  dependent  upon  the  digital  input  code. 
This  is  because  the  gate  capacitance  of  MOS  transistors 
increases  with  applied  gate  voltage.  This  output  capacitance 
varies  between  the  low  and  high  values. 


FIGURE  3:  PM-7543  Equivalent  Circuit  (All  Inputs  LOW) 
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FIGURE  4:  PM-7543  Equivalent  Circuit  (All  Digital  Inputs 
HIGH) 
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DYNAMIC  PERFORMANCE 
OUTPUT  IMPEDANCE 

The  output  resistance,  as  in  the  case  of  the  output  capaci- 
tance, varies  with  the  digital  input  code.  This  resistance,  look- 
ing back  into  the  l0UT,  terminal,  may  be  between  11kn  (the 
feedback  resistor  alone  when  all  digital  inputs  are  LOW)  and 
7.5kfl  (the  feedback  resistor  in  parallel  with  approximately 
30kn  of  the  R-2R  ladder  network  resistance  when  any  single 
bit  logic  is  HIGH).  Static  accuracy  and  dynamic  performance 
will  be  affected  by  these  variations.  The  gain  and  phase 
stability  of  the  output  amplifier,  board  layout,  and  power 


supply  decoupling  will  all  affect  the  dynamic  performance  of 
the  PM-7543.  The  use  of  a  compensation  capacitor  may  be 
required  when  high-speed  operational  amplifiers  are  used.  It 
may  be  connected  across  the  amplifier's  feedback  resistor  to 
provide  the  necessary  phase  compensation  to  critically  damp 
the  output. 

The  considerations  when  using  high-speed  amplifiers  are: 

1.  Phase  compensation  (see  Figures  7  and  8). 

2.  Power  supply  decoupling  at  the  device  socket  and  use  of 
proper  grounding  techniques. 

APPLICATIONS  INFORMATION 
APPLICATION  TIPS 

In  most  applications,  linearity  depends  upon  the  potential  of 
Iouti.  'out2.  and  AGND  (pins  1, 2,  and  3)  being  exactly  equal 
to  each  other.  In  most  applications,  the  DAC  is  connected  to 
an  external  op  amp  with  its  noninverting  input  tied  to  ground 
(see  Figures  7  and  8).  The  amplifier  selected  should  have  a 
low  input  bias  current  and  low  drift  over  temperature.  The 
amplifier's  input  offset  voltage  should  be  nulled  to  less  than 
±200MV  (less  than  10%  of  1  LSB). 

The  operational  amplifier's  noninverting  input  should  have  a 
minimum  resistance  connection  to  ground;  the  usual  bias 
current  compensation  resistor  should  not  be  used.  This  resis- 
tor can  cause  a  variable  offset  voltage  appearing  as  a  varying 
output  error.  All  grounded  pins  should  tie  to  a  single  common 
ground  point,  avoiding  ground  loops.  The  VDD  power  supply 
should  have  a  low  noise  level  with  no  transients  greater 
than  +17V. 

Unused  digital  inputs  must  always  be  grounded  or  taken  to 
VDo;  this  will  prevent  noise  from  triggering  the  high  impe- 
dance digital  inputs  resulting  in  output  errors.  It  is  also 
recommended  that  the  used  digital  inputs  be  taken  to  ground 
or  VDD  via  a  high  value  (1MO)  resistor;  this  will  prevent  the 
accumulation  of  static  charge  if  the  PC  card  is  disconnected 
from  the  system. 

Peak  supply  current  flows  as  the  digital  inputs  pass  through 
the  transition  voltage.  The  supply  current  decreases  as  the 
input  voltage  approaches  the  supply  raits  (V0o  or  DGND),  i.e. 
rapidly  slewing  logic  signals  that  settle  very  near  the  supply 
rails  will  minimize  supply  current. 


OUTPUT  AMPLIFIER  CONSIDERATIONS 

When  using  high  speed  op  amps,  a  small  feedback  capacitor 
(typically  15pF)  should  be  used  across  the  amplifier  to  mini- 
mize overshoot  and  ringing.  For  low  speed  or  static  applica- 
tions, AC  specifications  of  the  amplifier  are  not  very  critical. 
In  high-speed  applications,  slew  rate,  settling  time,  open-loop 
gain,  and  gain/phase  margin  specifications  of  the  amplifier 
should  be  selected  for  the  desired  performance.  It  has  already 
been  noted  that  an  offset  can  be  caused  by  including  the 
usual  bias  current  compensation  resistor  in  the  amplifier's 
noninverting  input  terminal.  This  resistor  should  not  be  used. 
Instead,  the  amplifier  should  have  a  bias  current  which  is  tow 
over  the  temperature  range  of  interest. 
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FIGURE  5:  Simplified  Circuit 


Static  accuracy  is  affected  by  the  variation  in  the  DAC's  out- 
put resistance.  This  variation  is  best  illustrated  by  using  the 
circuit  of  Figure  5  and  the  equation: 


VError=  Vqs  (1  +^) 


where  Ro  is  a  function  of  the  digital  code,  and: 
Ro  =  10kn  for  more  than  four  bits  of  logic  1, 
Ro  =  30kn  for  any  single  bit  of  logic  1. 

Therefore,  the  offset  gain  varies  as  follows: 
at  code  0011  1111  1111, 

Verrori  =  vos  ( 1  +  iokn)  =  2Vos 
at  code  0100  0000  0000, 

VERROR2  =  vos  ( 1  +  jjrjOi)  =  4/3vbs 
The  error  difference  is  2/3  Vos. 

Since  one  LSB  has  a  weight  (for  VREF  =  +10V)  of  2.4mV  for 
the  PM-7543,  it  is  clearly  important  that  Vos  be  minimized, 
either  using  the  amplifier's  nulling  pins,  an  external  nulling 
network,  or  by  selection  of  an  amplifier  with  inherently  low 
Vos-  Amplifiers  with  sufficiently  low  Vos  include  PMI's  OP-77, 
OP-07,  OP-27,  and  OP-42. 


INTERFACE  LOGIC  OPERATION 

The  microprocessor  interface  of  the  PM-7543  has  been  de- 
signed with  multiple  STROBE  and  LOAD  inputs  to  maximize 
interfacing  options.  Decoding  of  control  signals  may  be  done 
on-chip  or  with  the  use  of  external  decoding  circuitry  (see 
Figure  11). 

Serial  data  can  be  clocked  Into  the  input  register  with  the  use 
of  STB1,  STB2,  or  STB4.  The  strobe  inputs  are  active  on 
rising  edge.  STB3  may  be  used  with  a  falling  edge  to  clock  in 
data. 

Holding  any  STROBE  input  at  its  selected  state  (i.e.  STB1,  2 
or  4  at  logic  HIGH  or  STB3  at  logic  LOW)  will  act  to  prevent 
any  further  data  input. 

When  a  new  data  word  has  been  entered  into  the  input 
register,  it  is  transferred  to  the  DAC  register  by  asserting  both 
LOAD  inputs. 

The  CLR  input  allows  the  asynchronous  reset  of  the  DAC 
register  to  0000  0000  0000.  This  reset  does  not  affect  data 
held  in  the  input  registers.  While  in  unipolar  mode,  a  CLEAR 
will  result  in  the  analog  output  going  to  0V.  In  bipolar  mode, 
the  output  will  go  to  -VREF. 

INTERFACE  INPUT  DESCRIPTION 

STB1  (Pin  4),  STB2  (Pin  8),  STB4  (Pin  11)—  Input  Register 

Strobe.  Inputs  Active  on  Rising  Edge. 

Selected  to  load  serial  data  into  input  register.  See  Table  1  for 

details. 


STB3  (Pin  10)— Input  Register  Strobe  Input  Active  on  Falling 
Edge. 

Selected  to  load  serial  data  into  input  register.  See  Table  1  for 
details. 

LD1  (Pin  5),  LD2  (Pin  9)— Load  DAC  Register  Inputs.  Active 
Low. 

Selected  together  to  load  contents  of  Input  Register  into  DAC 
register. 

CLR  (Pin  13)— Clear  Input  Active  Low.  Asynchronous. 

When  LOW,  12-bit  DAC  register  is  forced  to  a  zero  code 
(0000  0000  0000)  regardless  of  other  interface  inputs. 
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FIGURE  6:  Timing  Diagram 
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TABLE  1:  PM-7543  Truth  Table 


PM-7543  Logic  Inputs 


Input  Register 

Control  Inputs 

DAC  Regis 

ter   Control  Inputs 

PM-7543  Operation 

Notes 

STB4  STB3 

STB2 

STB1 

CLR 

LD2 

LD1 

0  1 

0 

t- 
J 

X 

X 

X 

0  1 

S 

0 

X 

X 

X 

Serial  Data  Bit  Loaded  from  SRI 

2,3 

o  \ 

0 

0 

X 

X 

X 

into  Input  Register 

I  1 

0 

0 

X 

X 

X 

1  X 

X 

X 

X  0 

X 

X 

No  Operation  (Input  Register) 

Q 
O 

X  X 

1 

x 

X  X 

X 

1 

0 

X 

X 

Reset  DAC  Register  to  Zero  Code 
(Code:  0000  0000  0000) 
(Asynchronous  Operation) 

1.3 

1 

1 

X 

-  No  Operation  (DAC  Register) 

3 

1 

X 

1 

1 

0 

0 

Load  DAC  Register  with  the  Contents 
of  Input  Register 

3 

NOTES: 

1.  CLR  =  0  Asynchronously  resets  DAC  Register  to  0000  0000  0000.  but  has 
no  effect  on  Input  Register. 

2.  Serial  data  Is  loaded  Into  Input  Register  MSB  first,  on  edges  shown  _T  Is 
positive  edge,  ~\_  is  negative  edge. 

3.  0  =  Logic  LOW.  1  =  Logic  HIGH,  X  =  Don't  Care.  , 


UNIPOLAR  OPERATION  (2-QUADRANT) 

The  circuit  shown  in  Figures  7  and  8  may  be  used  with  an  AC 
or  DC  reference  voltage.  The  circuit's  output  will  range  be- 
tween 0V  and  approximately  -VREF  (4095/4096)  depending 
upon  the  digital  input  code.  The  relationship  between  the 
digital  input  and  the  analog  output  is  shown  in  Table  2.  The 
limiting  parameters  for  the  VREF  range  are  the  maximum  input 
voltage  range  of  the  op  amp  or  ±25V,  whichever  is  lowest. 


FIGURE  7:  Unipolar  Operation  with  High  Accuracy  Op  Amp 
(2-Quadrant) 


FIGURE  8:  Unipolar  Operation  with  Fast  Op  Amp  and  Gain 
Error  Trimming  (2-Quadrant) 


Gain  error  may  be  trimmed  by  adjusting  R1  as  shown  in 
Figure  8.  The  DAC  register  must  first  be  loaded  with  all  1s.  R1 
may  then  be  adjusted  until  Vqut  =  -VREF  (4095/4096).  In  the 
case  of  an  adjustable  VREF,  R1  and  Rfeedback  may  be  omit- 
ted, with  VREF  adjusted  to  yield  the  desired  full-scale  output. 

In  many  applications  the  PM-7543's  negligible  zero  scale 
error  and  very  low  gain  error  permit  the  elimination  of  the 
trimming  components  (R1  and  the  external  Rfeedback)  with- 
out adverse  effects  on  circuit  performance. 


11-290 


10/87,  Rev.  B 
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TABLE  2:  Unipolar  Code  Table 


DIGITAL  INPUT         NOMINAL  ANALOG  OUTPUT 
(Vout  as  shown 
MSB  LSB  in  Figures  7  and  8) 


1111 

1111 

1111 

-Vref 

/ 4095 \ 
{ 4096  ) 

10  0  0 

0  0  0  0 

0  0  0  1 

-Vref 

'  2049 \ 
{  4096 ) 

10  0  0 

0  0  0  0 

0  0  0  0 

-Vref 

/2048\  _  Vref 
1, 4096  )  2 

0  111 

1111 

1111 

"Vref 

/2047\ 
{  4096,/ 

0  0  0  0 

0  0  0  0 

0  0  0  1 

-Vref 

^4096") 

0  0  0  0 

0  0  0  0 

0  0  0  0 

-Vref 

NOTES: 

1.  Nomina)  full  scale  for  the  circuits  of  Figures  7  and  8  is  given  by 


2.  Nominal  LSB  magnitude  for  the  circuits  of  Figures  7  and  8  is  given  by 
LSB  =  VBEf  (^)  or  Vbcf  (2 

BIPOLAR  OPERATION  (4-QUAORANT) 

Figure  9  details  a  suggested  circuit  for  bipolar,  or  offset 
binary  operation.  Table  2  shows  the  digital  input  to  analog 
output  relationship.  The  circuit  uses  offset  binary  coding. 
Two's  complement  code  can  be  converted  to  offset  binary  by 
software  inversion  of  the  MSB  or  by  the  addition  of  an 
external  inverter  to  the  MSB  input. 

Resistors  R3,  R4,  and  R5  must  be  selected  to  match  within 
0.01%  and  must  all  be  of  the  same  (preferably  metal  foil)  type 
to  assure  temperture  coefficient  matching.  Mismatching  be- 
tween R3  and  R4  causes  offset  and  full  scale  errors  while  an 
R5  to  R4  and  R3  mismatch  will  result  in  full-scale  error. 


Calibration  is  performed  by  loading  the  DAC  register  with 
1000  0000  0000  and  adjusting  R1  until  Vout  =  0V.  R1  and  R2 
may  be  omitted,  adjusting  the  ratio  of  R3  to  R4  to  yield  Voux 
=  0V.  Full  scale  can  be  adjusted  by  loading  the  DAC  register 
with  1 11 1 1 1 11  1 1 1 1  and  either  adjusting  the  amplitude  of  VREF 
or  the  value  of  RS  until  the  desired  VOUT  is  achieved. 


TABLE  3:  Bipolar  (Offset  Binary)  Code  Table 


DIGITAL  INPUT 
MSB  LSB 

NOMINAL  ANALOG  OUTPUT 

(Vout  as  shown  in  Figure  9) 

1111 

1111 

1111 

+Vref 

/2047\ 
\204B) 

10  0  0 

0  0  0  0 

0  0  0  1 

+VrEf 

(lOicj) 

10  0  0 

0  0  0  0 

0  0  0  0 

0 

1111 

1111 

1111 

-Vref 

(lO^l) 

0  0  0  0 

0  0  0  0 

0  0  0  1 

-Vref 

/2047\ 
1 2048,/ 

0  0  0  0 

0  0  0  0 

0  0  0  0 

-Vref 

/2048\ 
U048^ 

NOTES: 

1.  Nominal  full  scale  for  the  circuit  of  Figure  9  is  given  by 


«-M*2)- 

2.  Nominal  LSB  magnitude  for  the  circuit  of  Figure  9  is  given  by 
LSB'V««(2b48) 

ANALOG/DIGITAL  DIVISION 

The  transfer  function  for  the  PM-7543  connected  in  the  . 
multiplying  mode  as  shown  in  Figures  7  and  8  is: 

v  -  v  /  At  ,  A2  A3  A12\ 
Vo--Vin  [jj  +  22  +  23  +  ■■■  212) 

where  Ax  assume  a  value  of  1  for  an  "ON"  bit  and  0  for  an 
"OFF"  bit. 


FIGURE  9:  Bipolar  Operation  (4-Quadrant,  Offset  Binary) 


CONTROL 

BITS  CtH  8R1 " 


FROM 
SYSTEM 
RESET 


CONTROL 
INPUTS 


SERIAL 
DATA 
INPUT 
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PMI> 


PM-7S43  12-BIT  SERIAL  INPUT  MULTIPLYING  CMOS  D/A  CONVERTER  -  PRELIMINARY 


The  transfer  function  is  modified  when  the  DAC  is  connected 
in  the  feedback  of  an  operational  amplifier  as  shown  in 
Figure  10.  It  is  now: 


FIGURE  11:  PM-7543-MC6800  Interface 


V0  = 


\  2'     22     23      •■  217 


The  above  transfer  function  is  the  division  of  an  analog 
voltage  (VREF)  by  a  digital  word.  The  amplifier  goes  to  the 
rails  with  ail  bits  "OFF"  since  division  by  zero  is  infinity.  With 
all  bits  "ON",  the  gain  is  1  (±1  LSB).  The  gain  becomes  4096 
with  the  LSB,  bit  12,  "ON". 

INTERFACING  TO  THE  MC6800 

As  shown  in  Figure  11  and  listed  in  Table  4,  the  PM-7543  may 
be  interfaced  to  the  6800  by  successively  executing  memory 
WRITE  instructions  while  manipulating  the  data  between 
WRITEs,  so  that  each  WRITE  presents  the  next  bit. 

In  this  example  the  most  significant  bits  are  found  in  memory 
locations  0000  and  0001.  The  four  MSBs  are  found  in  the 
lower  half  of  0000,  the  eight  LSBs  in  0001.  The  data  is  taken 
from  the  D7  line. 

The  serial  data  loading  is  triggered  by  STB4  which  is  asserted 
by  a  decoded  memory  WRITE  to  memory  location  2000,  R/W, 
and  <t>2.  A  WRITE  to  address  4000  transfers  data  from  input 
register  to  DAC  register. 


FIGURE  10:  Analog/Digital  Divider 


1&.BIT  ADDRESS  BU8 
AM  15 


8205 
E3  ADDRESS 
DECODER 


»61T  DATA  BUS 


SRI 
STB3 


CS1  STB4 


CD?  PM-7543 

STB2 

srat  eta 


FROM  SYSTEM  RESET— 


TABLE  4:  Example  Program  for  PM-7543/MC6800  Interface 


1 


DIGITAL 
INPUTS 


"re 


-OVour 


LABEL 

MNEMONIC 

OPERAND 

COMMENT 

LDA 

B,  04 

LDA 

A.  0000 

Load  4  Most  Significant  Bits 

LOOP 

ROL 

A 

Reposition  the  Data  in  ACC  A 

OEC 

B 

BNE 

LOOP 

LDA 

B,  04 

BSR 

SHIFT 

Output  Data 

LDA 

B.  OS 

LDA 

A.  0001 

Load  8  Least  Significant  Bits 

BSR 

SHIFT 

Output  Data 

STA 

A  4000 

Load  DAC  Register  From  Input  Register 

RTS 

Return  to  Main  Program 

Shift 

STA 

A,  2000 

Strobe  Data  into  PM-7543 

ROL 

A 

DEC 

B 

BNE 

SHIFT 

RTS 

11-292 


10/87,  Rev.  B 


.EED 


Precision  Monolithics  Inc. 


PM-7545/PM-7645 

12-BIT  BUFFERED 
MULTIPLYING  CMOS  D/A  CONVERTERS 


FEATURES 

•  Preadjusted  Full  Scale  ±1  LSB  Maximum  Gain  Error 

•  Low  Gain  Temperature  Coefficient   2ppm/°C 

•  Small  20-Pin  0.3"  Wide  DIP 

•  PM-7545  TTL  Compatible  (or  Vqd  -  5V 

•  PM-7645  TTL  and  SV  CMOS  Compatible  tor  VDD  =  15V 

•  High  ESD  Resistance 

ORDERING  INFORMATION  f  

PACKAGE:  20-PIN 


MILITARY* 

INDUSTRIAL 

COMMERCIAL 

MAXIMUM 

TEMPERATURE  TEMPERATURE  TEMPERATURE 

GAIN  ERROR 

-55°Cto 

-25°C  to 

0"CtO 

TA=+2S«C 

+12S°C 

+85*0 

+70»C 

±1  LSB 

PM7S4SAR 

PM7545ER 

PM7S4SGP 

±3  LSB 

PM7S4SBR 

PM7545FR 

PM7545HP 

±3  LSB 

PM7545HPCtt 

±1  LSB 

PM7645AR 

PM7646ER 

PM764SGP 

±3  LSB 

PM764SBR 

PM7645FR 

PM7645HP 

*  For  devices  processed  in  lolal  compliance  to  MIL-STD-883,  add  /883  after 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  In 

cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book,  Section  2. 
ft  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 

contact  your  local  sales  office. 


CROSS  REFERENCE 


PMI 

ADI 

TEMPERATURE 
RANGE 

PM7S4SAR 
PM7S4SBR 
PM7S45BR 
PM7S4SBR 

AD754SGUD 
AD7545UD 
AD7545TD 
AD7545SD 

MILITARY 

PM7S4SER 
PM7S45FR 
PM7545FR 
PM7545FR 

AD7545GCQ 
AD754SCQ 
AD7S45BQ 
AD7545AQ 

INDUSTRIAL 

PM7545GP 
PM754SHP 
PM7545HP 
PM7545HP 

AD7545GLN 
AD7S4SLN 
AD7S4SKN 
AD7S45JN 

COMMERCIAL 

GENERAL  DESCRIPTION 

The  PM-7545/PM-7645  are  12-bit  CMOS  multiplying  DACs  with 
internal  data  latches.  Digital  data  is  input  in  a  12-bit  wide  data 
format,  while  CS  and  WR  control  inputs  are  active  low.  During 
this  time  the  latchesare  transparent  allowing  digital  inputs  direct 
connection  to  the  DAC.  When  WR  is  returned  to  logic  high,  the 
current  data  word  in  the  latch  is  saved. 


The  PM-7545  operates  from  5  to  15  volt  power  supplies,  offering 
TTL  logic  compatibil  ity  at  VDDof  5V  and  CMOS  logic  compat- 
ibility at  VDOof  15V.  The  PM-7645  is  specified  for  operation  at 
Vqo  of  15V,  offering  TTL  logic  input  compatibility. 

PIN  CONNECTIONS 


our  LL  • 

El  «FB 

AGND  LT 

3% 

OGND  (T 

CMSB10S11  LT 

«]  WR 

OBIO  CE 

w]  C5 

089  (T 

n]  OBOILSB) 

DBS  LL 

m)  OBI 

007  [7 

73)  DBZ 

DBS  LT 

?T|  DB3 

DBS  {» 

3D  DB4 

20-PIN  EPOXY  DIP 
(P-Suftlx) 

20-PIN  HERMETIC  DIP 
(R-Sufflx) 


s  . 

O  a 


PM7545KPC 
20-PIN  PLCC 
(PC-Suffix) 


'  tiHrllilNMS 


<M8B)0B11  3  Ql 
DBU  JJ  fj? 
DB»  T)  Qt 

oat  7)  []» 
oar  7]  QT  oai 

VmElHtSlEI? 


Vdo 
WR 

DBO  (LSS) 


O   S  o    S  Q 


FUNCTIONAL  DIAGRAM 


"refo- 


PM7B46/PM-764S 


INPUT  DATA  LATCHES 


5v0o 

3  OGND 
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PM-754S/PM-7645 12-BIT  BUFFERED  MULTIPLYING  CMOS  D/A  CONVERTERS 


ABSOLUTE  MAXIMUM  RATINGS 

(TA=  25°C  unless  otherwise  noted.) 

VDDtoDGND   -0.3V. +17V 

Digital  Input  Voltage  to  DGND   -0.3V,  VDd 

AGNDtoDGND    -0.3V,  VD0 

Vrfb.  Vref  to  DGND   +25V 

VPiN1toDGND    -0.3V,  VDD 

Power  Dissipation  (Any  Package)  to  +75°C   450mW 

Derates  Above  +75°C  by   6mW/°C 

Operating  Temperature  Range 

Military  (AR,  BR)  Grades   -55°C  to  +125°C 

Industrial  (ER,  FR)  Grades    -25°C  to  +85"C 

Commercial  (GP,  HP,  HPC)  Grades  0"C  to  +70°C 

Dice  Junction  Temperature   +150°C 

Storage  Temperature    -65°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sec)   +300°C 


CAUTION: 

1.  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  at  or  above  this  specification  Is  not  implied.  Exposure  to  above 
maximum  rating  condltlonsfor  extended  periods  may  affect  device  reliability. 

2.  Do  not  apply  voltages  higher  than  Vqq  or  less  than  GND  potential  on  any 
terminal  except  V^p. 

3.  The  digital  Inputs  are  zener  protected,  however,  permanent  damage  may 
occuron  unprotected  units  from  high-energy  electrostatic  fields.  Keep  units 
In  conductive  foam  at  all  times  until  ready  to  use.  Use  proper  anti-static 
handling  procedures. 

4.  Remove  power  before  Inserting  or  removing  units  from  their  sockets. 


ELECTRICAL  CHARACTERISTICS  at  VoD=+5V,VR£f=+10V,VouT=0V.AGND  =  DGND=0V;TA=-65,,Cto+125oCapplyfor 
PM-7545AR/BR,TA=-250Cto+8S°C  apply  for  PM-7545ER/FR,TA=0°Cto+70oC  apply  for  PM-7545GP/HP/HPC,  unless  otherwise 
noted.  15V  operating  characteristics  are  shown  on  the  following  pages. 


PM-7S45A/E/G 

PM-7S4SB/F/H 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

MIN  TYP 

MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

12  - 

12  — 

Bits 

Relative 
Accuracy 

INL 

TA  =  Full  Temp.  Range 

±1/2 

±1/2 

LSB 

Differential 
Nonlinearity 

DNL 

TA=  Full  Temp.  Range 
(Motet) 

±1 

±1 

LSB 

Gain  Error 

TA=+25»C 

±1 

±3 

LSB 

(Notes  2, 3) 

GFSE 

TA=  Full  Temp.  Range 

±2 

±4 

Gain  Temperature 

Coefficient 

TCGfs 

(Note  4) 

-  ±2 

±S 

-  ±2 

±S 

ppm/'C 

AGainMTemperature 

DC  Supply  Rejection 
AGain/AVD0 

PSS 

TA  =  FunTemp.  Range <««.-«»» 

0.002 
0.004 

0.002 
0.004 

%/% 

Output  Leakage 

TA  =  +25°C.  WR  =  CS  =  0V. 
All  Digital  Inputs  =  0V 

10 

10 

Current  at  OUT 

'lko 

TA  =  Full  Temp.  Range 

—  nA 

A/B  Versions 

200 

200 

E/F/G/H  Versions 

SO 

50 

DYNAMIC  PERFORMANCE 

Propagation  Delay 

>PD 

TA=+25'C 

300 

300 

ns 

(Notes  4, 5, 6,  7) 

(OUT  Load  =  10011.  CEXT  =  !3pF) 

TA=  Full  Temp.  Range 

Current  Settling  Time 

<• 

(To  1/2  LSB)  (Note  4) 
l0UT  Load  =  100(1 

1 

1 

*s 

Digital  Charge 
Injection 

Q 

TA  =  +25"C 

TA  =  Full  Temp.  Range 

Vref  =  AGND  (Note  4) 

300 
400 

300 
400 

nVs 

AC  Feedthrough 
at 'out 

FT 

TA  =  Full  Temp.  Range 
VHEF  =  ±10V.  1  =  10kHz 

—  5 

-  S 

mV„.p 

All  Digital  Inputs  =  0V 
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PM-7S4S/PM-7645  12-BIT  BUFFERED  MULTIPLYING  CMOS  O/A  CONVERTERS 


ELECTRICAL  CHARACTERISTICS  at  VD0= +5V,  VREf=+10V,  V0ut= OV.  AGND  =  DGND  =  OV;  TA= -55°C  to +125°C  apply  for 
PM-7545AR/BR,  TA= -25°C  to  +85°C  apply  for  PM-7545ER/FR,  TA= 0°C  to  +70°C  apply  for  PM-7545GP/HHHPC,  unless  otherwise 
noted.  1SV  operating  characteristics  are  shown  on  the  following  pages.  (Continued) 


PM-7545A/E/G 

PM-754SB/F/H 

PARAMETER 

SYMBOL 

CONDITIONS 

MtN 

TYP 

MAX 

MIN 

TYP  MAX 

UNITS 

REFERENCE  INPUT 

Input  Resistance 

TA  =  Full  Temp.  Range 

7 

11 

15 

7 

11  15 

kit 

(Pin  19  to  GND) 

RREF 

Input  Resistance 

ANALOG  OUTPUTS 

Output  Capacitance 

TA  =  Full  Temp.  Range 

(Note  4) 

CquT 

DB0-DB11  =  OV,  WR  =  CS  -  OV 

70 

-  70 

pF 

Cout 

DB0-DB11  =  V00.  WR  =  CS  =  OV 

150 

—  150 

DIGITAL  INPUTS 

Input  High  Voltage 
Input  Low  Voltage 

V,NH 
V,NL 

TA  =  Full  Temp.  Range 

2.4 

O.S 

2.4 

-  0.8 

V 

Input  Current 

l|N 

TA  =  +25»C 

TA  =  Full  Temp.  Range 

1 
10 

—  1 

-  10 

«A 

Input  Capacitance 

TA  =  Full  Temp.  Range 

8 

—  8 

DB0-DB11.  WR.  CS 

V,N  =  0  (Note  4) 

pF 

SWITCHING  CHARACTERISTICS 

See  Timing  Diagram 

(Notes  4.  e.  9) 

Chip  Select  to 

TA  =  +25"C 

280 

200 

280 

200  - 

ns 

Write  Setup  Time 

•cs 

TA  =  Full  Temp.  Range 

360 

270 

380 

270  — 

Chip  Select  to 
Write  Hold  Time 

*CH 

TA  =  Full  Temp.  Range 

0 

0 

ns 

Write  Pulse 
Width 

'WR 

TA=+25°C 

TA  =  Full  Temp.  Range 

250 
3S0 

175 
270 

250 
380 

175  - 
270  - 

ns 

Data  Setup 

TA  =  +25-C 

140 

100 

140 

100  - 

ns 

Time 

Ids 

TA  =  Full  Temp.  Range 

210 

150 

210 

150  — 

Data  Hold  Time 

TA  =  Full  Temp.  Range 

10 

10 

ns 

POWER  SUPPLY 


Supply  Current 


TA  =  Full  Temp.  Range 

(All  Digital  Inputs  VML  or  VINH) 


TA  =  +25°C 

t      „  -  2  100  -  2  100 

Temp.  Range  -  5         100  -  5  100 

(All  Digital  Inputs  0V  or  VDD) 


NOTES: 

1.  12-bit  monotonic  over  full  temperature  range. 

2.  Includes  the  etfects  of  5ppm  max.  gain  T.C. 

3.  Using  Internal  RFB.  DAC  register  loaded  with  1111 1111 1111.  Gain  error  is 
adjustable  using  the  circuits  ol  Figures  4  and  5. 

4.  GUARANTEED  and  NOT  TESTED. 

5.  From  digital  input  change  to  90%  of  final  analog  output. 


6.  Ail  digital  inputs  =  0V  to  VD0;  or  Vqd  to  0V. 

7.  Logic  inputs  are  MOS  gates,  typical  input  current  (at  +25*C)  is  less  than 
1nA. 

8.  Sample  tested  at  +25°C  to  ensure  compliance. 

9.  Chip  select  CS  must  be  coincident  or  present  before  and/or  after  write  WR; 
that  is.  tcs>tWB.tCH>0. 
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PM-7545/PM-7S4S  12-BIT  BUFFERED  MULTIPLYING  CMOS  D/A  CONVERTERS 


ELECTRICAL  CHARACTERISTICS  atVoo=+1SV,VREF=+10V,VouT=0V,AGND  =  DGND=0V;TA=-55oCto+125oC  apply  for 
PM-7545/PM-7645AR/BR,  TA  =  -25°C  to  +85°C  apply  for  PM-7546/PM-7645ER/FR.  TA  =  0°C  to  +70°C  apply  for  PM-7545/ 
PM-7645GP/HP  and  PM-7545HPC,  unless  otherwise  noted. 


PM-7S45A/E/G 

PM-7S45B/F/H 

PM-7645A/E/G 

PM-7645B/F/H 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

MIN         TYP  MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

12  — 

12            —  — 

Bits 

Relative 

Accuracy 

INL 

TA  =  Full  Temp.  Range 

—  — 

±1/2 

—            —  ±1/2 

LSB 

Differential 
Nonllnearity 

DNL 

TA  =  Full  Temp.  Range 
(Note  1) 

±1 

—            —  ±1 

LSB 

Gain  Error 

TA  =  +25"C 

±1 

—            —  ±3 

LSB 

(Notes  2. 3) 

Gfse 

TA  =  Full  Temp.  Range 

±2 

-            —  ±4 

Gain  Temperature 

Coefficient 

TCGFS 

(Note  4) 

-  ±2 

±5 

-           ±2  ±5 

ppm/°C 

AGain/ATemperature 

DC  Supply  Rejection 
.lGafn/AVDD 

PSS 

TA  =  +25"C 

TA  =  Full  Temp.  Range (i  00  " 

0.002 
0.004 

—  -  0.002 

—  —  0.004 

%/% 

TA  =  +25°C,  WR  =  CS  =  OV, 

10 

-            —  10 

Output  Leakage 

All  Digital  Inputs  =  0V 

Current  at  OUT 

'lkq 

TA  =  Full  Temp,  flange 

—  nA 

A/B  Versions 

200 

-            -  200 

E/F/G/H  Versions 

50 

-           -  50 

DYNAMIC  PERFORMANCE 

Propagation  Delay 
(Notes  4.  S.  6.  7) 

tpO 

TA  =  +25"C 

(OUT  Load  =  100n,  CEXT  = 13pF) 

250 

-           -  250 

ns 

TA  =  Full  Temp.  Range 

Current  Settling  Time 

(To  1/2  LSB)  (Note  4) 
'our  Load  =  100(1 

1 

(IS 

Digital  Charge 
Injection 

Q 

TA  =  +25°C 

TA  s  Full  Temp.  Range 

VREf  =  AGND  (Note  4) 

250 
300 

-  -  250 

-  -  300 

nVs 

AC  Feedthrough 
at Iqut 

FT 

TA  s  Full  Temp.  Range 
VREF  =  ±10V,  1  =  10kHz 

-  5 

—             5  — 

mVM 

All  Digital  Inputs  =  0V 

REFERENCE  INPUT 

Input  Resistance 
(Pin  19toGND) 

RREF 

TA  =  Full  Temp.  Range 
Input  Resistance 

7  11 

15 

7            11  15 

ANALOG  OUTPUTS 

Output  Capacitance 

TA  =  Full  Temp.  Range 

(Note  4) 

COUT 

DB0-DB11  =  0V,  WR  -  CS  =  0V 

60 

-           -  60 

pF 

Cout 

DB0-DB11  =  VDD,  WR  =  CS  =  0V 

120 

-           -  120 

DIGITAL  INPUTS 

Input  High  Voltage 
Input  Low  Voltage 

V,NH 
V,Nl 

TA  =  Full  Temp.  Range.  PM-7545 

13.5  — 

1.5 

13.5           —  — 
-            —  1.5 

V 

Input  High  Voltage 
Input  Low  Voltage 

V,NH 
V,NL 

TA  =  Full  Temp.  Range,  PM-7645 

2.4  - 

0.6 

2.4            -  - 
-            -  0.8 

V 

Input  Current 

'in 

TA=T25'C 

TA  =  Full  Temp.  Range 

1 

10 

-            -  10 

«A 

Input  Capacitance 
DBO—  DB11.WR.CS 

TA  =  Full  Temp.  Range 
VIN  =  0  (Note  4) 

8 

—            —  8 

pF 

11-296 


8/87,  Rev.  B1 


PM-7S45/PM-7645  12-BIT  BUFFERED  MULTIPLYING  CMOS  D/A  CONVERTERS 


ELECTRICAL  CHARACTERISTICS  at  VDD= +15V,  VBEF= +10V.  VOut=0V,  AGND  =  DGND  =  OV;  TA=-55"'C  to  +125°C  apply  for 
PM-7545/PM-7645AR/BR,  TA  =  -25°C  to  +85°C  apply  for  PM-7545/PM-7645ER/FR,  TA  =  0°C  to  +70°C  apply  for  PM-7S45/ 
PM-7645GP/HP  and  PM-7545HPC,  unless  otherwise  noted.  (Continued) 


PM-7545A/E/G 

PM-7545B/F/H 

PM-7645A/E/G 

PM-7645B/F/H 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

MIN 

TYP  MAX 

UNITS 

POWER  SUPPLY 

l0D 

TA=  Full  Temp.  Range 

(All  Digital  Inputs  VINL  or  vINK) 

— 

-  2 

,  .— 

— 

2 

mA 

Supply  Current 

TA  =  +25»C 

2  100 

2 

100 

'oo 

TA  =  Full  Temp.  Range 

(All  Digital  Inputs  OV  or  VDD) 

— 

5  100 

— 

5 

100 

pA 

SWITCHING  CHARACTERISTICS 

(Notes  4, 8, 9) 

See  Timing  Diagram 

PM-7545A/E/G 

PM-7545  B/F/H 

Chip  Select  to 

•cs 

TA  =  +25'C 

180 

120  — 

180 

120 

ns 

Write  Setup  Time 

TA=  Full  Temp.  Range 

200 

150  — 

200 

150 

— 

Chip  Select  to 
Write  Hold  Time 

«CH 

TA  =  Full  Temp.  Range 

0 

- 

0 

- 

- 

ns 

Write  Pulse 
Width 

TA  =  +25"C 

TA=  Full  Temp.  Range 

160 
240 

100  — 
170  - 

160 
240 

100 
170 

— 

ns 

Data  Setup 
Time 

Ids 

TA=+25'C 

TA  =  Full  Temp.  Range 

90 
120 

60  — 
80  — 

90 
120 

60 
80 

- 

ns 

Data  Hold  Time 

•dh 

TA=  Full  Temp.  Range 

10 

10 

ns 

SWITCHING  CHARACTERISTICS 

(Notes  4, 8,  9) 

See  Timing  Diagram 

PM-7645  A/E/G 

PM-7645  B/F/H 

Chip  Select  to 
Write  Setup  Time 

•cs 

TA=+25'C 

TA-  Full  Temp.  Range 

150 
210 

150 
210 

ns 

Chip  Select  to 
Write  Hold  Time 

'CH 

TA  *  Full  Temp.  Range 

0 

0 

ns 

Write  Pulse 
Width 

TA  =  +25'C 

TA-  Full  Temp.  Range 

150 
210 

150 
210 

ns 

Data  Setup 
Time 

tos 

TA=+25"C 

TA-  Full  Temp.  Range 

225 
300 

225 
300 

ns 

Data  Hold  Time 

'dm 

TA-  Full  Temp.  Range 

10 

10 

ns 

NOTES: 

1.  12-bit  monotonic  over  lull  temperature  range.  6.  All  digital  inputs  =  0V  to  Vor>  or  VD0  to  0V. 

2.  Includes  the  ellects  of  5ppm  max.  gain  T.C.  7.  Logic  Inputs  are  MOS  gates,  typical  Input  current  (at  +25*0)  Is  less  than 

3.  Using  Internal  RFB.  DAC  register  loaded  with  1111 1111 1111.  Gain  error  is  mA. 


adjustable  using  the  circuits  ol  Figures  4  and  5.  B.  Sample  tested  at  +25°C  to  ensure  compliance.   

4.  GUARANTEED  and  NOT  TESTED.  9.  ChlpselectCSmustbecolncidentorpresentbeforeand/orafterwriteWR; 

5.  From  digital  Input  change  to  904b  ol  linal  analog  output.  that  Is.  tcs  2  ty^,  tCH  >  0. 


11-297 


8/87,  Rev.  B1 


PM-7545/PM-7645  12-BIT  BUFFERED  MULTIPLYING  CMOS  D/A  CONVERTERS 


DICE  CHARACTERISTICS 


DIE  SIZE  0.102  X  0.100  inch,  10,200  sq.  mils 
(2.S9  X  2.54mm,  6.58  sq.  mm) 


WAFER  TEST  LIMITS  at  TA=  25°C.  vDD 

=  +5  or  +15V,  VREF  =  +10V,  Vqut  =  0V.  AGND  = 

DGND  =  0V. 

PM-7545G/PM-7645G 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Relative  Accuracy 

INL 

Endpoint  Linearity  Error 

±1/2 

LSB  MAX 

Differential  Nonlineanty 

DNL 

±1/2 

LSB  MAX 

Gain  Error 

GFSE 

DAC  Latches  Loaded  with  1 1 1 1  1111  1111 

±5 

LSB  MAX 

Output  Leakage 

■lkg 

DAC  Latches  Loaded  with  0000  0000  0000 
Pad  1 

±10 

nA  MAX 

Input  Resistance 

Rref 

Pad  19 

7/15 

kt!  MIN/kt!  MAX 

Digital  Input 
High 

VINH 

v°°  =  '5VM-7545only 

2.4 
13.5 

V  MIN 

Digital  Input 
Low 

V,NL 

PM-7545only 

VDD  =  15v 

0.B 
1.5 

VMAX 

Digital  Input 
High 

V,NH 

Vqq  =  15V  PM-7645  only 

2.4 

V  MIN 

Digital  Input 
Low 

V,NL 

VDD  =  15V  PM-7645  only 

0.8 

V  MAX 

Input  Current 

'  IN 

VIN  =  0V  or  VDD 

±1 

liA  MAX 

Supply  Current 

'do 

All  Digital  Inputs  V,NL  or  V,NH 
All  Digital  Inputs  0V  or  Vqq 

2 
0.1 

mA  MAX 

DC  Supply  Rejection 
UGain/-Wcol 

PSS 

.WDD  =±5% 

0  002 

%/%  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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TYPICAL  ELECTRICAL  CHARACTERISTICS  at  VD0  =  +5V  or  +15V,  AGND  =  DGND  =  OV,  VHEf=  +  10V,  OUT  =  0V;  TA  =  25°C, 
unless  otherwise  noted.  (Note  1) 


PARAMETER 

SYMBOL 

CONDITIONS 

PM-7545G/PM-7645G 
TYPICAL 

UNITS 

Digital  tnput  Capacitance 

CtN 

7 

pF 

Output  Capacitance 

COUT 

DAC  Latches  Loaded  with  0000  0000  0000 
OAC  Latches  Loaded  with  11 11  1111  1111 

50 
110 

PF 

Propagation  Delay 
(Notes  2, 3. 4) 

tpO 

VDD=15V 

VDD  =  5V  PM-7545  only 

140 
230 

ns 

NOTES: 

1.  These  characteristics  are  tor  design  guidance  only  and  are  not  subject  to  test. 

2.  From  digital  input  change  to  90%  ot  final  analog  output. 

3.  OUT  load  =  lOOn,  Cext  =  13pF. 

4.  CS  =  WH  =  0,  DBO  to  DB11  =  0V  to  VDD  or  VDD  to  0V. 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


FULL-SCALE  GAIN  ERROR 
VS  TEMPERATURE 


£  02 
I  0.1 

i  0 

h 

"•  -03 
-04 

-0.5 


— 1 — 1 — 

Vbo'  15V 

-75    -50    -25     O      25      SO     75     tOO  125 
TEMPERATURE  TO 


LOGIC  THRESHOLD  VOLTAGE 
vs  SUPPLY  VOLTAGE 


OUTPUT  LEAKAGE  CURRENT 
vs  TEMPERATURE 


5 

(L 

f  io 

o 
5 


Vdd  supply  voltage 


-75    -50    -26      0      25     SO     76     100  126 
TEMPERATURE  (XI 


SUPPLY  CURRENT 
vs  TEMPERATURE 
PM-7545 


-76    -60    -25      0      26      50     76     100  125 
TEMPERATURE  IT) 


SUPPLY  CURRENT 
vs  TEMPERATURE 
PM-7645 


f  , 

i 

EC 
ft 

8 

L. 


=v 

0D=  ■ 

6V  = 

•24\ 

— 

-  v« 

inni  _ 

-75   -50    -26      0      25     50     75     100  125 
TEMPERATURE  PCI 
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PARAMETER  DEFINITIONS 
RELATIVE  ACCURACY 

Sometimes  referred  to  as  endpoint  nonlinearity,  and  is  a 
measure  of  the  maximum  deviation  from  a  straight  line  passing 
through  the  endpoints  of  the  DAC  transfer  function.  Relative 
Accuracy  is  measured  after  the  zero  and  full-scale  points  have 
been  adjusted,  and  is  normally  expressed  in  LSB  or  as  a 
percentage  of  full  scale. 

DIFFERENTIAL  NONLINEARITY 

This  is  the  difference  between  the  measured  change  and  the 
ideal  change  between  any  two  adjacent  codes.  A  differential 
nonlinearity  of  ±1  LSB  maximum  over  the  full  operating  tem- 
perature range  will  ensure  that  a  device  is  monotonic  (the 
output  will  increase  for  an  increase  in  digital  code  applied). 

GAIN  ERROR 

Gain  or  full  scale  error  is  the  amount  of  output  error  between  the 
ideal  output  and  the  actual  output.  The  ideal  output  is  VREF 
minus  1  LSB.  The  gain  error  is  adjustable  to  zero  using  external 
resistance. 

OUTPUT  CAPACITANCE 

The  capacitance  from  OUT  to  AGND. 

PROPAGATION  DELAY 

This  is  measured  from  the  digital  input  change  to  the  analog 
output  current  reaching  90%  of  its  final  value. 

DIGITAL  CHARGE  INJECTION 

This  is  a  measure  of  the  amount  of  charge  injected  to  the  analog 
output  from  the  digital  inputs,  when  the  digital  inputs  change 
states.  It  is  the  area  of  the  glitch  and  is  specified  in  nVsec;  it  is 
measured  with  VngF  =  AGND. 


BURN-IN  CIRCUIT 


PM-7MS/PM-7G45 


Vbo  1  15V  *  5% 
Vm,  '  10V  ±  5* 
Ci  =  C,=4?»f 
C3  =  C4  =  OOtpF 


LOGIC  INFORMATION 

WRITE  CYCLE  TIMING  DIAGRAM 


WRITE  MODE: 

C5  AND  Hfl  LOW.  DAC  RESPONDS 
TO  DATA  BUS  fOBO-OBIII  INPUTS. 


MODE  SELECTION 

HOLD  MODE: 

EITHER  CS  OR  WH  HIGH.  DATA  BUS 
(DBO-DBt  II  IS  LOCKED  OUT;  DAC 
HOLDS  LAST  DATA  PRESENT  WHEN 
WROR  3  ASSUMED  HIGH  STATE. 


NOTES: 

VDD  *  *5V;  *i  "  'I "  20,w 
VD0-.lSV;t,-t,-«>nl 

ALL  INPUT  SIGNAL  RISE  AND  FALL  TIMES  MEASURED  FROM 
Ur*TO90%OFVDD.  v  +v 

TIMING  MEASUREMENT  REFERENCE  LEVEL  IS  1Hj*IL. 

THE  PM-7645  USES  AN  INPUT  LOGIC  HIGH  OF  S  VOLTS. 


D/A  CONVERTER  SECTION 

FIGURE  1:  Simplified  D/A  Circuit  of  PM-7545 


-Vv\— ORfb 


030 
(ISO! 


Figure  1  shows  a  simplified  circuit  of  the  D/A  Converter  section 
and  Figure  2  gives  an  approximate  equivalent  switch  circuit.  R  is 
typically  11  kfl. 

The  binary-weighted  currents  are  switched  between  OUT 
and  AGND  by  N-channel  switches,  thus  maintaining  a  constant 
current  in  each  ladder  leg  independent  of  the  switch  state. 

The  capacitance  at  the  OUT  terminal,  Cout.  's  code  dependent 
and  varies  from  70pF  (all  switches  to  AGND)  to  150pF  (all 
switches  to  OUT).  One  of  the  current  switches  is  shown  in 
Figure  2. 

The  input  resistance  at  VREF  (Figure  1)  is  always  equal  to  Rudh 
(RLDR  is  the  R/2R  ladder  characteristics  resistance  and  is  equal 
to  value  "Ft").  Since  the  input  resistance  at  the  VREF  pin  is 
constant,  the  reference  terminal  can  be  driven  by  a  reference 
voltage  or  a  reference  current,  ac  or  dc,  of  positive  or  negative 
polarity.  (If  a  current  source  is  used,  a  low-temperature- 
coefficient  external  Rfb  is  recommended  to  define  scale  factor.) 


11-300 


8/87,  Rev.  B1 


PM-7545/PM-764S  12-BIT  BUFFERED  MULTIPLYING  CMOS  D/A  CONVERTERS 


The  internal  feedback  resistor  (RFB)  has  a  normally  closed 
switch  In  series  as  shown  in  Figure  1.  This  switch  improves 
performance  over  temperature  and  power  supply  rejection; 
however  when  the  circuit  is  not  powered  up  the  switch  assumes 
an  open  state. 

FIGURE  2:  N-Channel  Current  Steering  Switch 


TO  LADDER 


AGND 


DIGITAL  SECTION 

Figure  3  shows  the  digital  structure  for  one  bit.  The  digital 
signals^  CONTROL  and  CONTROL  are  generated  from  CS 
and  WR 


FIGURE  3:  Digital  Input  Structure 


TO  AGND  SWITCH 
TO  OUT  SWITCH 


CONTROL  CONTROL 


The  input  buffers  are  simple  CMOS  inverters  designed  such 
that  when  the  PM-7545  is  operated  with  VDD  =  5V,  the  buffers 
convert  TTL  input  levels  (2.4V  and  0.8V)  into  CMOS  logic  levels. 
When  the  digital  input  is  in  the  region  of  1 .0  volts  to  6.0  volts,  the 
input  buffers  operate  in  their  linear  region  and  draw  current 
from  the  power  supply.  To  minimize  power  supply  currents,  it  is 
recommended  that  the  digital  input  voltages  be  as  close  to  the 
supply  rails  (VDD  and  DGND)  as  is  practically  possible.  The 
PM-7545  may  be  operated  with  any  supply  voltage  in  the  range 
5  <  Vdd  £  15  volts.  With  VDD  =  +15V,  the  input  logic  levels  are 
CMOS  compatible  only,  i.e.,  1.5V  and  13.5V.  The  PM-7645 
operates  with  VDD  =  15V  only;  the  buffers  convert  TTL  input 
levels  (2.4V  and  0.8V)  into  CMOS  logic  levels. 

BASIC  APPLICATIONS 

Figures  4  and  5  show  simple  unipolar  and  bipolar  circuits  using 
the  PM-7545/PM-7645.  Resistor  R1  is  used  to  trim  for  full  scale. 
The  following  versions  (PM-7545AR,  PM-7545ER,  PM-7545GP) 
have  a  guaranteed  maximum  gain  error  of  ±1  LSB  at  +25°  C  and 
Vdd  =  +5V,  and  in  many  applications  the  gain  trim  resistors  are 


not  required.  Capacitor  C1  provides  phase  compensation  and 
helps  prevent  overshoot  and  ringing  when  using  high  speed  op 
amps.  The  circuits  of  Figures  4  and  5  have  constant  input 
impedance  at  the  VREF  terminal. 

The  circuit  of  Figure  4  can  either  be  used  as  a  fixed  reference 
D/A  converter  so  that  it  provides  an  analog  output  voltage  in  the 
range  0  to -V!N  (the  inversion  is  introduced  by  the  op  amp);  or  VtN 
can  be  an  ac  signal  in  which  case  the  circuit  behaves  as  an 
attenuator  (2-Quadrant  Multiplier).  V!N  can  be  any  voltage  in  the 
range  -20  <  V1N  <  +20  volts  (provided  the  op  amp  can  handle 
such  voltages)  since  VREF  is  permitted  to  exceed  Vdd-  Table  2 
shows  the  code  relationship  for  the  circuit  of  Figure  4. 

FIGURE  4:  Unipolar  Binary  Operation 


DB11-DB0  'SEE  TABLE  1. 


TABLE  1:  Recommended  Trim  Resistor  Value  vs.  Grades 

TRIM 
RESISTOR 

CR 

HP/FR/BR  GP/ER/AR 

R1 

2oon 

ioon  2on 

R2 

680 

330  6.80 

TABLE  II:  Unipolar  Binary  Code  Table  for  Circuit  of  Figure  4 

BINARY  NUMBER  IN 
DAC  REGISTER 

ANALOG  OUTPUT 

1111  1111 

1111 

w    .  f  4095  ) 
V|N    I  4096  J 

1000  0000 

0000 

0000  0000 

0001 

"V|N  '  {  4096  } 

0000  0000 

0000 

0  Volts 
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Figure  5  and  Table  3  illustrate  the  recommended  circuit  and 
code  relationship  for  bipolar  operation.  The  D/A  function  itself 
uses  offset  binary  code.  The  inverter  U-i  on  the  MSB  line, 
converts  2's-complement  input  code  to  offset  binary  code.  The 
inverter  U-i  may  be  omitted  if  the  inversion  is  done  in  software. 

R3,  R4  and  RS  must  match  within  0.01  %  and  should  be  the  same 
type  of  resistors  (preferably  wire-wound  or  metal  foil),  so  that 
their  temperature  coefficients  match.  Mismatch  of  R3  value  to 
R4  causes  both  offset  and  full  scale  error.  Mismatch  of  R5  to  R4 
and  R3  causes  full  scale  error. 

TABLE  III:  2's  Complement  Code  Table  for  Circuit  of  Figure  S 


DATA  INPUT 

ANALOG  OUTPUT 

0111 

1111 

1111 

♦V,N 

f  2047  \ 
I  2048  J 

0000 

0000 

0001 

+V,N 

{  2048  } 

0000 

0000 

0000 

0  Volts 

1111 

1111 

1111 

-V|N 

'  {  2048  } 

1000 

0000 

0000 

-V,N 

f  2048  \ 
'  I  2048  J 

APPLICATION  HINTS 

Output  Offset:  CMOS  D/A  converters  exhibit  a  code-dependent 
output  resistance  that  causes  a  code-dependent  error  voltage 
at  the  output  of  the  amplifier.  The  maximum  amplitude  of  this 
offset,  which  adds  to  the  D/A  converter  nonlinearity,  is  0.67  V0s 
where  Vos  is  the  amplifier  input-offset  voltage.  To  maintain 
monotonic  operation,  it  is  recommended  that  Vos  be  no  greater 
than  10%  of  1  LSB  over  the  temperature  range  of  operation. 

General  Ground  Management:  AC  or  transient  voltages  be- 
tween AGND  and  DGND  can  cause  noise  injection  into  the 
analog  output.  The  simplest  method  of  ensuring  that  voltages  at 
AGND  and  DGND  are  equal  is  to  tie  AGND  and  DGND 
together  at  the  PM-7545/PM-7645.  It  is  recommended  that  two 
diodes  (1N914  or  equivalent)  be  connected  in  inverse  parallel 
between  AGND  and  DGND  pins  in  complex  systems  where 
AGND  and  DGND  tie  on  the  backplane. 

Digital  Glitches:  When  WR  and  CS  are  both  low,  the  latches  are 
transparent  and  the  D/A  converter  inputs  follow  the  data  inputs. 
Some  bus  systems  do  not  always  have  data  valid  for" the  whole 
period  during  which  WR  is  low.  This  will  allow  invalid  data  to 
briefly  appear  at  the  DAC  inputs  during  the  write  cycle.  This  can 
cause  unwanted  glitches  at  the  DAC  output.  Retiming  the  write 
pulse  WR,  so  that  it  only  occurs  when  data  is  valid,  will  eliminate 
the  problem. 
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INTERFACING  THE  PM-7545/PM-7645  TO 
MICROPROCESSORS 

The  PM-7545  can  be  directly  Interfaced  to  either  an  8  or  16-bit 
microprocessor  via  its  1 2-bit  wide  data  latch  using  the  CS  and 
WR  control  signals. 

An  8-bit  processor  interface  configuration  is  shown  in  Figure  6. 
It  uses  two  memory  addresses,  one  for  the  lower  8-bits  and  one 
for  the  upper  4-bits  of  data  Into  the  DAC  via  the  latch. 

FIGURE  6:  8-Bit  Processor  to  PM-7545/7645  Interface 


*Q,  •  OECOOED  ADDRESS  FOB  LATCH 


Connection  to  an  8-bit  processbrwithafull  16-bit  wide  address 
bus  (such  as  the  6800, 8080,  Z80)  is  shown  in  Figure  7.  The  12 
lower  address  lines  are  fed  directly  to  the  PM-7545;  this  allows 
the  PM-7545  to  use  4k  bytes  for  its  address  location.  The 
address  field  of  the  instruction  is  organized  so  that  the  lower 
1 2-bits  contain  the  DAC  data.  Data  is  written  into  the  DAC  using 
a  single  write  instruction. 


FIGURE  7:  Connecting  the  PM-7545/7645  to  an  8-Bit  Micro- 
processor via  the  Address  Bus 


11 
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CMOS  8-BIT  mP  COMPATIBLE 
12-BIT  D/A  CONVERTER 


decision  Altmolithics  Inc. 


FEATURES 

•  8-Bit  Bus  Compatible  12-Bit  DAC 

•  Versatile  Microprocessor  Interlace  with  Selectable  Data 
Input  Format  and  Data  Override 

•  Faster  Interface  Timing 

•  High  Accuracy:  Low  ±1/2  LSB  INL  Error  Over 
Temperature  and  ±1  LSB  Gain  Error 

•  Superior  Power  Supply  Rejection 

from  +5V  to  +15V  0.001%/%  Max 

•  Low  Feedthrough  Error  and  Digital  Charge  Injection 

•  Data  Inputs  Designed  with  ESD  Protective  Circuitry 

•  Narrow  (0.3")  DIP  Packages  Suitable  tor  Auto-Insertion 

•  Superior  Direct  Replacement  for  AD7548 

•  Full  Four  Quadrant  Multiplication 

APPLICATIONS 

•  Process  Control 

•  Programmable  Amplifiers 

•  Digitally  Controlled  Power  Supplies 

•  Digitally  Controlled  Attenuators 

•  Digitally  Controlled  Filters 


ORDERING  INFORMATION t 


PACKAGE:  20-PIN 

GAIN 
ERROR 

NON- 
LINEARITY 

MILITARY* 
TEMPERATURE 
-55"C  TO  +125'C 

INDUSTRIAL  COMMERCIAL 
TEMPERATURE  TEMPERATURE 
-25°C  TO  +85'C   0*C  TO  +70'C 

+  1LSB 
+2LSB 
+2LSB 

+1/2LSB 
+1/2LSB 
11/2LSB 

PM7548AR 
PM7548BR 
PM754SBRC/B83 

PM7548ER 
PM7548FR 

PM7S48GP 
PM7548HP 
PM7548HPCH 

*  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /863  alter 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1888 
Data  Book,  Section  2. 
ft  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 
contact  your  local  sales  office. 


CROSS  REFERENCE 


PMI 

ADI 

TEMPERATURE  RANGE 

PM7548AR 

AD7548TD 

PM7548BR 

AD7548SD 

MILITARY 

PM7548ER 

AD7S48BO 

PM7548FR 

AD7548AQ 

INDUSTRIAL 

PM754BGP 

AD7548KN 

PM7548HP 

AD7548JN 

COMMERCIAL 

GENERAL  DESCRIPTION 

The  PM-7548  is  a  12-bit  resolution,  current  output,  CMOS 
D/A  converter  with  a  microprocessor  interlace  for  8-bit 
busses.  Its  improved  accuracy  and  inputs  designed  with  ESD 
protection  circuitry  make  it  a  superior  pin-compatible  replace- 
ment to  the  industry  standard  7548.  These  performance 
improvements  permit  the  upgrading  of  existing  designs  with 
greater  accuracy  and  ruggedness.  Tighter  linearity  and  gain 
error  specifications  may  permit  a  reduced  circuit  parts  count 
through  the  elimination  of  trimming  components.  The  PM- 
7548  is  available  in  standard  plastic  and  CERDIP  packages 
that  are  compatible  with  auto-insertion  equipment. 

The  PM-7548's  versatile  interface  allows  data  to  be  loaded 
into  an  output  register  in  two  bytes.  The  PM-7548  can  accept 
data  right  or  left  justified,  least  or  most  significant  byte  first, 
under  microprocessor  control.  Faster  interface  timing  min- 
imizes microprocessor  wait  states. 

Analog  output  updating  and  the  loading  of  new  data  into  the 
input  registers  may  be  coincident  or  separated  in  time  by  use 
of  the  LDAC  control  input.  This  allows  user  control  of  data 
update  and  analog  output  update  timing. 

Data  override  control  allows  full-scale  or  zero-scale  analog 
outputs  without  altering  the  contents  of  the  DAC  registers. 
This  permits  the  user  to  perform  circuit  calibration  without 
the  need  to  load  calibration  data  into  the  DAC  registers. 


FUNCTIONAL  BLOCK  DIAGRAM 
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PM-7548  CMOS  8-BIT  nP  COMPATIBLE  12-BIT  P/A  CONVERTER 


ABSOLUTE  MAXIMUM  RATINGS  (TA  =  +25° C,  unless 


otherwise  noted.) 

VDD(toGND)  +17V 

Vref  (to  GND)  ±25V 

VrfbUoGND)  ±25V 

Digital  Input  Voltage  Range  -0.3V  to  VDD 

Output  Voltage  (Pin  1,  Pin  2)  -0.3V  to  VDD 

Power  Dissipation  (Any  Package)   450mW 

Derate  Above  +75"  C  6mW/"C 

Operating  Temperature  Range 

AR/BR/BRC  Versions  -55"C  to  +125"C 

ER/FR  Versions  -25"  C  to  +85"  C 

GP/HP/HPC  Versions  0"C  to  +70°C 


Dice  Junction  Temperature  +150°C 

Storage  Temperature  -65°  C  to  +150"  C 

Lead  Temperature  (Soldering,  60  sec)   300"  C 

CAUTION: 

1.  Do  not  apply  voltages  higher  than  VDD  or  less  than  GNO  potential  on  any 
terminal  except       (Pin  17)  and  RFB  (Pin  16). 

2.  The  digital  control  inputs  are  zener  protected,  however,  permanent  damage 
may  occur  on  unprotected  units  Irom  high-energy  electrostatic  lields.  Keep 
units  in  conductive  foam  at  alt  times  until  ready  to  use. 

3.  Use  proper  anti-static  handling  procedures. 

4.  Absolute  Maximum  Ratings  apply  to  both  packaged  devices  and  dice. 
Stresses  above  those  listed  under  Absolute  Maximum  Ratings  may  cause 
permanent  damage  to  the  device. 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V,  +12V,  or  +15V;  VREF  =  +10V;  V0ut  =  VAgnd=  VDgnd  =  0V;  Ta  =  -55°C  to 
+125°C  for  PM-7548AR/BR/BRC,  TA  =  -25°C  to  +85°C  for  PM-7548ER/FR,  and  TA  =  0"C  to  +70°C  for  PM-7548GP/HP/HPC, 
unless  otherwise  noted. 


PM-7548 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

12         —  - 

Bits 

Integral  Nonlinearity 
(Note  1) 

INL 

-         —  1/2 

LSB 

Diflerential  Nonlinearity 

ONL 

PM-7548A/E/G 

—         -  1/2 

LSB 

(Note  2) 

PM-7548B/F/H 

TA=+25'C 

PM-7548 A/E/G 

Gain  Error 

PM-7548B/F/H 

—         -  2 

LSB 

(Note  3) 

Gfse 

TA  =  Full  Temperature  Range 
PM-7S48A/E/G 
PM-7548B/F/H 

—  —  2 

-  -  3 

Gain  Temperature 
Coefficient  (Note  6) 

TCGfs 

—        ±1  ±5 

ppm/°C 

Power  Supply 

PSRR 

TA=+25°C 

-         -  ±0.001 

%/% 

Rejection  Ratio 

TA  =  Full  Temperature  Range 

-         —  ±0.002 

TA=  +25*C 

—      ±0.5  ±5 

Output  Leakage 

'iKG 

TA  =  Full  Temperature  Range 

nA 

Current  (Notes  4.  5) 

PM-7548A/B 
PM-7548E/F/G/H 

—  +12  ±100 

-  -  ±25 

Feedthrough  Error 
(Note  6) 

FT 

v-REF  =  20Vp.p 
at  /  =  10kHz 

—         —  5 

mvp.p 

All  digital  inputs  LOW 

TA  =  +25"C 

—     0.002  — 

Zero  Scale  Error 

>ZSE 

TA  =  Full  Temperature  Range 

LSB 

(Notes  12. 13) 

PM-7548 A/B 
PM-7548 E/F/G/H 

—  0.07  — 

-  0.01  - 

Input  Resistance 
(Note  9) 

7         11  15 

kjl 

AC  PERFORMANCE 

Output  Current 

Settling-Time 

u 

TA«+25°C 

-         —  1 

ps 

(Notes  6.7.8) 

Vref  =  0V 

Digital  to  Analog 

l0UT  Load  =  10011 

Gtitcn  Energy 

0 

CE„=13pF 

—         —  200 

nVs 

(No1bs6.  11) 

DAC  register  loaded  alternately 

with  all  0s  and  all  1s 
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PM-7548  CMOS  8-BIT  jiP  COMPATIBLE  12-BIT  D/A  CONVERTER 


ELECTRICAL  CHARACTERISTICS  at  V0D  =  +5V,  +12V,  or  +15V;  VREF  =  +10V;  V0ut  =  VAgnd  =  V0GND=  OV;  TA  =  -55°C  to 
+125°C  for  PM-7548AR/BR/BRC,  TA  =  -25°C  to  +85°C  for  PM-7548ER/FR,  and  TA  =  0°C  to  +70°C  for  PM-7548GP/HP/HPC, 
unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

PM-7548 
MIN      TYP  MAX 

UNITS 

Total  Harmonic 
Distortion  (Note  6) 

THD 

VREF  =  6Vrms@  1kHz 

DAC  register  loaded  with  all  Is 

-         -  -90 

dB 

Output  Noise 
Voltage  Density 
(Notes  6. 14) 

en 

10Hz  to  100kHz. 

measured  between  RFQ  and  Iqut 

—         -  13 

DIGITAL  INPUTS 


Digital  Input  HIGH  Vjh  '  2.4        —        —  V 


Digital  Input  LOW 

VlL 

0.8 

V 

Input  Leakage 
Current  (Note  10) 

'it 

V,N  =  0Vlo+15V 

±1 

MA 

Input  Capacitance 
(Note  6) 

v,N  =  ov 

6 

pF 

ANALOG  OUTPUTS 


Output  Capacitance 
(Note  6) 


Digital  Inputs  =  VtH 


pF 


Output  Capacitance 
(Note  6) 

CquT 

Digital  Inputs  =  V,L 

70 

pF 

TIMING  CHARACTERISTICS 

(Note  6) 

Data  Valid 
Setup  Time 

<os 

T*=2S'C 

TA  =  Full  Temperature  Range 

160 
210 

ns 

Data  Valid 
Hold  Time 

Idh 

TA  =  25'C 

TA  =  Full  Temperature  Range 

10 
10 

ns 

CSMSB  or  CSLSB 
to  WR  Setup  Time 

'cws 

TA=25'C 

TA=  Full  Temperature  Range 

0 
0 

ns 

CSMSB  or  CSLSB 
to  WR  Hold  Time 

•cwh 

TA  =  25"C 

TA  =  Full  Temperature  Range 

0 
0 

ns 

[13SC  to  WR 
Setup  Time 

'tws 

TA  =  25'C 

TA  =  Full  Temperature  Range 

0 
0 

ns 

LT3SC  to  WR 
Hord  Time 

Ilwh 

TA=25'C 

TA  =  Full  Temperature  Range 

0 
0 

ns 

Write  Pulse  Width 

'wfl 

TA  =  25'C 

TA  =  Full  Temperature  Range 

120 
120 

ns 

NOTES: 

1.  ±1/2  LSB  =  ±0.012%  ol  Full  Scale. 

2.  All  grades  are  monotonic  to  12-bhs  over  temperature. 

3.  Using  internal  feedback  resistor. 

4.  Applies  to  I  out-  digital  inputs  =  V^.. 

5.  Specification  also  applies  for  AGND  with  all  digital  inputs  =  V,H. 

6.  Guaranteed  by  design  and  not  subject  to  test. 

7.  loyt  Load  =  100(1,  CEXt  =  '3pF.  digital  inputs  =  0V  to  V0d  or  V0o  to  nV. 

8.  Extrapolated  to  1/2  LSB:  ts  =  Propagation  Delay  (tP0)  +  9r,  where  r  = 
measured  first  time  constant  of  the  final  RC  decay. 

9.  Absolute  temperature  coefficient  is  approximately  +50ppm/,C. 


10.  Digital  inputs  are  CMOS  gates;  I  m  is  typically  1  nA  at  +25*C. 

11.  VREF  °  0V.  all  digital  inputs  =  0V  to  VDD  or  VDD  to  0V. 
1?-  vref  °  +10V- Q"  digital  inputs  =  0V. 

13.  Calculated  from  worst  case  Rref:  'zse  ('n  LSBs)  =  (Rref  x  lLKQ  x 
4096>/VREF.   

14.  Calculated  from  eN=  V  4K  TRB 
where:  K  =  Botlzmann  constant,  J/*K 

T  =  resistor  temperature. 0  K 
R  =  resistance,  11 
B  =  bandwidth.  Hz. 
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PM-7548  CMOS  8-BIT  uP  COMPATIBLE  12-BIT  D/A  CONVERTER 


ELECTRICAL  CHARACTERISTICS  at  VDD  =+12V,or+15V;VREF=+10V;VouT=VAGND=VDGND  =  0V;TA=-55,,Cto+125oC 
for  PM-7548AR/BR/BRC,  TA  =  -25°C  to  +85°C  for  PM-7548ER/FR,  and  TA  =  0°C  to  +70oC  for  PM-7548GP/HP/HPC,  unless 
otherwise  noted. 


PARAMETER 

1  SYMBOL 

CONDITIONS 

PM-7548 
MIN     TYP  MAX 

UNITS 

POWER  SUPPLY 

V0D  Range 

11.4        —  15.75 

V 

Supply  Current 

'do 

All  digital  inputs  =  VINHor  V,NL 
All  digital  input  =  OV  or  V00 

—        —  3 

mA 

ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V;  VHEF  =  +10V;  V0Ut 
for  PM-7548AR/BR/BRC.  TA=  -25"C  to  +85°C  for  PM-7548ER/FR.  and  TA 
otherwise  noted. 

=  VAqnd  =  Vognd  =  OV;  TA  =  -SS'C  to  +125°C 
=  0°C  to  +70"C  for  PM-7548GP/HP/HPC.  unless 

PARAMETER 

SYMBOL 

CONDITIONS 

PM-7548 

MIN      TYP  MAX 

UNITS 

POWER  SUPPLY 

Vpo  Range 

V0D 

4.75          5  5.25 

V 

Supply  Current 

'dd 

All  digital  inputs  =  V,NH  or  V,NL 
All  digital  input  =  OV  or  VDD 

—  —  2 

—  120  300 

mA 
«A 

BURN-IN  CIRCUIT 


JT^'    Till  TTT 


Bl    DS    S3    B4     BS    B8    B7  V, 

OF/BOH 
CSUSB 

AONO      DQND     WR  HSXE  CSLSQ  CTRL 


i  r 


00 


o 

u 

o 
o 

i 

< 
6 

i 

o 
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PM-7548  CMOS  B-BIT  oP  COMPATIBLE  12-BIT  D/A  CONVERTER 


DICE  CHARACTERISTICS 


DIE  SIZE  0.096  X  0.130  inch,  12,480  sq.  mils 
(2.46  X  3.33mm,  8.20  sq.  mm) 


WAFER  TEST  LIMITS  at  VDD  = 

+5V,  VREF  =  4 

10V,  AGND  =  DGND  =  0V,  V0UT  = 

AGND  =  0V.  TA  =  +25°C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

PM-754BGBC 
LIMIT 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

12 

Bits  MIN 

Nonlinearity 

INL 

±1/2 

LSB  MAX 

Deferential  Nonlinearity 

DNL 

±1/2 

LSB  MAX 

Gain  Error 
(Note  1) 

GFSE 

±1 

LSB  MAX 

Power  Supply  Rejeclion 

PSRR 

MDa  =  ±5% 

±0.001 

%/%  MAX 

Output  Leakage  Current  (lOUT| 

'lkg 

VDD  =  +15V 
Digital  Inputs  =  V,L 

±5 

nA  MAX 

REFERENCE  INPUT 

Input  Resistance 

RREF 

7/15 

kll  MIN/MAX 

DIGITAL  INPUTS 

Digital  Input  HIGH 

V,H 

2.4 

V  MIN 

Digital  Input  LOW 

V,L 

0.8 

V  MAX 

Input  Leakage  Current 

"lL 

VDD=+15V 
V,N  =  0tol5V 

±1 

jiA  MAX 

POWER  SUPPLY 

Supply  Current 

VDD=+15V 

Digital  Inputs  =  V,H  or  V)L 
Digital  Inputs  =  0V  or  VDD 

3 
1 

mA  MAX 

NOTES: 

1.   Using  internal  leodback  resistor. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaran- 
teed for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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PM-7548  CMOS  B-BIT      COMPATIBLE  12-BIT  D/A  CONVERTER 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


MULTIPLYING  MODE 
FREQUENCY  RESPONSE 
vs  DIGITAL  CODE 


MULTIPLYING  MODE 
TOTAL  HARMONIC 
DISTORTION  vs  FREQUENCY 


Uk  100k 
FREQUENCY  tH2) 


FREQUENCY  tHil 


SUPPLY  CURRENT  vs 
SUPPLY  VOLTAGE 


NONLINEARITY  ERROR  vs 
DIGITAL  CODE 
(V0D  =  +SV  OR  +  15V) 


075 
0.50 


TA  -  .2PC 
w  .  >imi 

-Mtr 

1024  2048  307? 

DIGITAL  INPUT  CODE  (DECIMAL) 


0.75 
050 
0.25 
0 

-0.25 
-0  50 
-0  75 
-1.00 


NONLINEARITY  ERROR  vs 
REFERENCE  VOLTAGE 
(V00  =  +SVOR+15V) 


I  I 

rA 

L  

i 

r 

-10    -8    -6    ~4    -2  0 


VREF  tvOLTS'  . 


NONLINEARITY  vs 
SUPPLY  VOLTAGE 


1.2s 

1.00 

an 

T.-+25-C 
VR[P.+10V 

0.50 

0.25 

0 

GAIN  ERROR  vs 
SUPPLY  VOLTAGE 


TA  -  .25-C 

vREF..iov 


VOD  IVOLTSI 
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PM-754B  CMOS  8-BIT  jiP  COMPATIBLE  12-BIT  D/A  CONVERTER 


SPECIFICATION  DEFINITIONS 
RESOLUTION 

The  resolution  of  a  DAC  is  the  number  of  states  (2n)  that  the 
full-scale  range  (FSR)  is  divided  (or  resolved)  into,  where  "n" 
is  equal  to  the  number  of  bits. 

SETTLING  TIME 

Time  required  for  the  analog  output  of  the  DAC  to  settle  to 
within  1/2  LSB  of  its  final  value  for  a  given  digital  input 
stimulus:  i.e.  zero  to  full  scale. 

GAIN 

Ratio  of  the  DAC's  external  operational  amplifier  output 
voltage  to  the  VREF  input  voltage  when  all  digital  inputs  are 
HIGH. 

FEEDTHROUGH  ERROR 

Error  caused  by  capacitive  coupling  from  Vref  to  output  with 
all  switches  OFF. 

OUTPUT  CAPACITANCE 

Capacitance  from  Iqut  terminal  with  all  digital  inputs  LOW, 
or  on  AGND  terminal  when  all  inputs  are  HIGH. 

OUTPUT  LEAKAGE  CURRENT 

Current  appearing  at  louTWhen  all  digital  inputs  are  LOW,  or 
at  AGND  when  all  inputs  are  HIGH. 

GENERAL  CIRCUIT  INFORMATION 

The  PM-7548  is  a  12-bit  multiplying  D/A  converter  with  a  very 
low  temperature  coefficient,  R-2R  resistor  ladder  network, 
data-steering  and  control  logic,  and  two  data  registers. 

The  digital  circuitry  forms  a  versatile  interface  between  the 
12-bit  DAC  and  an  8-bit  data  bus.  Several  data  formats  can  be 
accomodated,  single  or  double  buffering  is  available,  and  a 
data  override  function  allows  calibration  data  to  be  loaded 
into  the  DAC  without  altering  data  stored  in  the  buffer 
registers. 

FIGURE  1:  Simplified  DAC  Circuit 


Vref  «kn  10k!)  tOkn 


BIT  1  [MSB)      BIT  2  BIT  3  BIT  12  (LSB) 


DIGITAL  INPUTS  (CMOS  AT  V00  -  SV/TTL  COMPATIBLE) 
(SWITCHES  SHOWN  FOR  DIGITAL  INPUTS  "HIGH") 

■THESE  SWITCHES  PERMANENTLY  "ON- 


A  simplified  circuit  of  the  PM-7548  is  shown  in  Figure  1.  An 
inverted  R-2R  ladder  network  consisting  of  silicon-chrome, 
thin-film  resistors,  and  twelve  pairs  of  NfvtOS  current- 
steering  switches  steer  binarily  weighted  currents  into  either 
I  out  or  AGND.  Switching  current  to  ground  or  Iout  yields  a 
constant  current  in  each  ladder  leg,  regardless  of  digital 
input  code.  This  constant  current  results  in  a  constant  input 
resistance  at  VREF  equal  to  R  (typically  11  kfl).  The  Vref  input 
may  be  driven  by  any  reference  voltage  or  current,  ac  ordc, 
that  is  within  the  limits  stated  in  the  Absolute  Maximum 
Ratings  chart. 

The  PM-7548  design  incorporates  a  regulator  circuit  which 
assures  TTL  compatibility  at  any  VDD  from  +5V  to  +15V 
across  the  full  military  temperature  range.  This  regulator  also 
contributes  to  the  DAC's  exceptional  PSRR  performance, 
and  maintains  timing  performance  independent  of  supply 
voltage. 

The  twelve  output  current-steering  switches  are  in  series 
with  the  R-2R  resistor  ladder,  and  therefore,  can  introduce  bit 
errors.  It  is  essential  then,  that  the  switch  "ON"  resistance  be 
binarily  scaled  so  that  the  voltage  drop  across  each  switch 
remains  constant.  If,  for  example,  switch  1  of  Figure  1  was 
designed  with  an  "ON"  resistance  of  10  ohms,  switch  2  for  20 
ohms,  etc.,  a  constant  5mV  drop  will  then  be  maintained 
across  each  switch. 

To  further  insure  accuracy  across  the  full  temperature  range, 
permanently  "ON"  MOS  switches  are  included  in  series  with 
the  feedback  resistor  and  the  R-2R  ladder's  terminating 
resistor.  The  "Simplified  DAC  Circuit",  Figure  1,  shows  the 
location  of  the  series  switches.  These  series  switches  are 
equivalently  scaled  to  two  times  switch  1  (MSB)  and  to  switch 
12  (LSB)  respectively  to  maintain  constant  relative  voltage 
drops  with  varying  temperature.  During  any  testing  of  the 
resistor  ladder  or  R feedback  (such  as  incoming  inspection), 
V0o  niust  be  present  to  turn  "ON"  these  series  switches. 

ESD  PROTECTION 

The  PM-7548  data  inputs  have  been  designed  with  ESD 
resistance  incorporated  through  careful  layout  and  the 
inclusion  of  input  protection  circuitry. 

Figure  2  shows  the  input  protection  diodes.  High  voltage 
static  charges  applied  to  the  digital  inputs  are  shunted  to  the 
supply  and  ground  rails  through  forward  biased  diodes. 

FIGURE  2:  Digital  Input  Protection 


DTL/TTL/CMOS 
INPUTS 
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These  protection  diodes  are  designed  to  clamp  the  inputs 
well  below  dangerous  levels  during  static  discharge 
conditions. 

EQUIVALENT  CIRCUIT  ANALYSIS 

Figures  3  and  4  show  equivalent  circuits  for  the  DAC  with  all 
bits  LOW  and  HIGH,  respectively.  The  reference  current  is 
switched  to  AGND  when  all  data  bits  are  LOW  and  to  I  out 
when  all  bits  are  HIGH.  The  Ileakage  current  source  is  the 
combination  of  surface  and  junction  leakages  to  the  sub- 
strate. The  1/4096  current  source  represents  the  constant 
1-bit  current  drain  through  the  ladder's  terminating  resistor. 

Output  capacitance  is  dependent  upon  the  digital  input  code. 
This  is  because  the  gate  capacitance  of  MOS  transistors 
increases  with  applied  gate  voltage.  This  output  capacitance 
varies  between  the  low  and  high  values. 

FIGURE  3:  PM-7548  Equivalent  Circuit  (All  Inputs  LOW) 


~0  Rfcedmck 
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FIGURE  4:  PM-7548  Equivalent  Circuit 
(All  Digital  Inputs  HIGH) 


INPUT  CONTROL  INFORMATION 

FIGURE  5:  PM-7548  Data  Input  and  Control  Timing 
Diagram 


lews 
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NOTES: 

1.  ALL  INPUT  SIGNAL  RISE  AND  FALL  TIMES  MEASURED  FROM  10S  TO  90*  OF  +5V. 
1, »  I)  -  20nt. 

2.  TIMING  MEASUREMENT  REFERENCE  LEVEL  IS    '"  *  <IL  . 

9.  CSMSB  (PIN  4)  AND.CSLSB  (PIN  16)  MAY  BE  INTERCHANGED. 
4.  FOR  LEFT-JUSTIFIED  OATA  CTRL  -  *0V  WITH  DF/ffBK  -  +SV. 
FOR  RIGHT-JUSTIFIED  DATA  CTRL  -  *5V  WITH  DF/KSR  -  +5V. 


FIGURE  6:  Simplified  PM-7548  Input  Control  Structure 
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DYNAMIC  PERFORMANCE 
OUTPUT  IMPEDANCE 

The  output  resistance,  as  in  the  case  of  the  output  capaci- 
tance, varies  with  the  digital  input  code.  This  resistance, 
looking  back  into  the  I  out  terminal,  may  be  between  11kil 
(the  feedback  resistor  atone  when  alt  digital  inputs  are  low) 
and  7.5kn  (the  feedback  resistor  in  parallel  with  approx- 
imately 30kft  of  the  R-2R  ladder  network  resistance  when  any 
single  bit  logic  is  high).  Static  accuracy  and  dynamic  per- 
formance will  be  affected  by  these  variations.  The  gain  and 
phase  stability  of  the  output  amplifier,  board  layout,  and 
power  supply  decoupling  will  all  affect  the  dynamic  per- 
formance of  the  PM-7548.  The  use  of  a  compensation 
capacitor  may  be  required  when  high-speed  operational 
amplifiers  are  used.  It  may  be  connected  across  the  ampli- 
fiers' feedback  resistor  to  provide  the  necessary  phase 
compensation  to  critically  damp  the  output. 

The  considerations  when  using  high-speed  amplifiers  are: 

1.  Phase  compensation  (see  Figures  9  and  10). 

2.  Power  supply  decoupling  at  the  device  socket  and  use  of 
proper  grounding  techniques. 

INTERFACE  INPUT  DESCRIPTION 

CSMSB  (Pin  4)  -  Chip  Select  Most  Significant  Byte.  Active 
Low.  Selected  either  with  WR,  to  load  most  significant  byte 
data  into  the  input  register,  or  with  WR  and  LDAC  to  load  data 
into  both  input  and  DAC  registers. 


CSLSB  (Pin  16)  -  Chip  Select  Least  Significant  Byte.  Active 
Low.  Selected  either  with  WR  to  load  least  significant  byte 
data  into  the  input  register,  or  with  WR  and  LDAC  to  load  data 
into  both  input  and  DAC  registers. 

DF/DO"R  (Pin  5)  -  Data  Format/Data  Override.  When  LOW, 
DAC  is  forced  to  full-scale  or  zero-scale  output  as  selected  by 
CTRL.  Use  of  Data  Override  does  not  affect  data  held  in  DAC 
register.  When  DF/DOR  is  HIGH,  CTRL  selects  either  right  or 
left  data  input  format.  DF/DOR  is  normally  held  HIGH. 


DF/55R 

CTRL 

Function 

0 

0 

DAC  forced  to  zero-scale  (all  zeros) 

0 

1 

DAC  forced  to  full-scale  (all  ones) 

1 

0 

Left-justified  data  format  selected 

1 

1 

Right-justified  data  format  selected 

CTRL  (Pin  6)  -  Control  Input  (Refer  also  to  DF/DO~R) 


LDAC  (Pin  15)  -  Load  DAC  Input.  Active  Low.  Selected,  with 
other  interface  inputs,  to  load  DAC  register  from  input 
register  or  external  data  bus. 

WR  (Pin  17)  -  Write  Input.  Active  Low.  Selected,  with  other 
interface  input,  to  load  data  into  input  register  and  to  transfer 
data  from  input  register  to  DAC  register. 

Selected,  with  other  interface  input,  to  load  data  into  input 


register  and  to  transfer  data  from  input  register  to  DAC 
register. 

WR     CSMSB  CSLSB 

LDAC 

Function 

0  1 

0 

1 

Load  LSByte  to 
Input  Register 

0  1 

0 

0 

Load  LSByte  to  Input 
and  DAC  Registers 

0  0 

1 

1 

Load  MSByte  to 
Input  Register 

0  0 

1 

0 

Load  MSByte  to  Input 
and  DAC  Registers 

0  1 

1 

0 

Load  Input  Register  to 
DAC  Register 

1  X 

X 

X 

No  Data  Transfer 

DATA  LOADING  AND  TRANSFER 
DATA  INPUT  AND  TRANSFER 

Data  may  be  loaded  into  the  input  register  in  either  a  left-  or 
right-justified  format.  The  data  format  is  selected  through  the 
DF/DOR  and  CTRL  inputs  (refer  to  Interface  Input 
Description). 

Data  transfer,  from  the  input  register  to  the  DAC  register,  can 
be  automatic  upon  loading  of  the  second  data  byte  into  the 
input  register  or  can  occur  at  a  later  time  through  a  strobed 
transfer. 

STROBED  DATA  TRANSFER  MODE 

Strobed  data  transfer  allows  the  full  12-bit  digital  word  to  be 
loaded  into  the  input  register  and  transferred  to  the  DAC 
register  at  some  later  time.  This  transfer  mode  requires  three 
write  cycles:  two  to  load  the  new  digital  word,  and  a  third  to 


CTRL -LOW  MSB 


"I  1  1  1  1  

-J  i-isn  JUSTIFIED  DATA' 

J  I  I  I  I  


MOST  SIGNIFICANT  BTTE 


LEAST  SIGNIFICANT  BYTE 


I        I  I 
BIGHT  JUSTIFIED  DATA 
 I  ■  '  
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FIGURE  7:  Strobed  Data  Transfer  Mode 
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FIGURE  8:  Automatic  Data  Transfer  Mode 
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transfer  data  to  the  DAC  register.  The  timing  diagram  for 
strobed  data  transfer  is  shown  in  Figure  7. 

Strobed  data  transfer  has  two  primary  uses.  By  separating 
data  loading  and  transfer  operations,  the  timing  of  DAC 
output  updating  may  be  more  precisely  controlled.  Si- 
multaneous updating  of  multiple  PM-7548S  can  also  be 
accomplished  by  the  use  of  a  master  strobe  signal  applied  to 
the  LDAC  pins  of  the  DACs. 


A  single  data  byte  can  be  updated  in  two  write  cycles  with  the 
strobed  transfer  mode. 

DATA  OVERRIDE 

System  calibration  typically  requires  full-scale  and  zero- 
scale  DAC  outputs  (digital  words  all  1s  and  Os  respectively). 
The  PM-7548's  data  override  ability  allows  full-scale  and 
zero-scale  outputs  without  altering  the  contents  of  the  DAC 
and  input  registers,  or  requiring  the  controlling  micro- 
processor to  load  calibration  data. 

Data  override  is  accessed  by  setting  the  DF/DOR  pin  LOW. 
The  CTRL  pin  then  selects  the  override  code:  CTRL  LOW 
yields  all  Os,  CRTL  HIGH  yields  all  1s. 

AUTOMATIC  DATA  TRANSFER  MODE 

Data  may  be  transferred  automatically  from  the  input  register 
to  the  DAC  register  while  loading  the  second  (High  or  Low) 
byte.  This  is  the  simplest  and  fastest  transfer  mode,  requiring 
only  two  write  cycles  to  load  and  transfer  a  complete  new 
digital  word.  This  operation  can  be  simplified  by  connecting 
LDAC  directly  to  either  CSMSB  or  CSLSB  so  that  the  write 
cycle  which  loads  the  second  data  byte  also  initiates  data 
word  transfer. 

The  timing  diagram  for  automatic  transfer  is  shown  in  Figure 
8.  The  first  write  cycle  loads  the  first  data  byte  into  the  input 
register.  The  second  write  cycle  loads  the  second  data  byte 
and  simultaneously  transfers  the  full  data  word  to  the  DAC 
register. 

Automatic  transfer  allows  updating  of  a  single  byte  in  one 
write  cycle. 
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APPLICATIONS  INFORMATION 
APPLICATION  TIPS 

In  most  applications,  linearity  depends  upon  the  potential  of 
'out  and  AGND  (pins  1  and  2)  being  exactly  equal  to  each 
other.  In  most  applications,  the  DAC  is  connected  to  an 
external  op  amp  with  its  noninverting  input  tied  to  ground, 
(see  Figures  9  and  10).  The  amplifier  selected  should  have  a  low 
input  bias  current  and  low  drift  over  temperature.  The 
amplifier's  input  offset  voltage  should  be  nulled  to  less  than 
±20CVV  (less  than  10%  of  1  LSB). 

The  operational  amplifier's  noninverting  input  should  have  a 
minimum  resistance  connection  to  ground;  the  usual  bias 
current  compensation  resistor  should  not  be  used.  This 
resistor  can  cause  a  variable  offset  voltage  appearing  as  a 
varying  output  error.  All  grounded  pins  should  tie  to  a 
common  ground  point,  avoiding  ground  loops.  The  Vdd 
power  supply  should  have  a  low  noise  level  with  no  transients 
greater  than  +17V. 

Unused  digital  inputs  must  always  be  grounded  or  taken  to 
Vrjrj; tnis  wi"  prevent  noise  from  triggering  the  high  imped- 
ance digital  input  resulting  in  output  errors.  It  is  also 
recommended  that  the  used  digital  inputs  betaken  to  ground 


or  Vpo  via  a  high  value  (1(vHl)  resistor;  this  will  prevent  the 
accumulation  of  static  charge  if  the  PC  card  is  disconnected 
from  the  system. 

Peak  supply  current  flows  as  the  digital  inputs  pass  through 
the  transition  voltage.  The  supply  current  decreases  as  the 
input  voltage  approaches  the  supply  rails  (VDoOr  DGND),  i.e. 
rapidly  slewing  logic  signals  that  settle  very  near  the  supply 
rails  will  minimize  supply  current. 

OUTPUT  AMPLIFIER  CONSIDERATIONS 

When  using  high  speed  op  amps,  a  small  feedback  capacitor 
(typically  l5pF)  should  be  used  across  the  amplifier  to 
minimize  overshoot  and  ringing.  For  low  speed  or  static 
applications,  AC  specifications  of  the  amplifier  are  not  very 
critical.  In  high-speed  applications,  slew  rate,  settling  time, 
open-loop  gain,  and  gain/phase  margin  specifications  of  the 
amplifier  should  be  selected  for  the  desired  performance.  It 
has  already  been  noted  that  an  offset  can  be  caused  by 
including  the  usual  bias  current  compensation  resistor  in  the 
amplifier's  noninverting  input-terminal.  This  resistor  should 
not  be  used.  Instead,  the  amplifier  should  have  a  bias  current 
which  is  low  over  the  temperature  range  of  interest. 


FIGURE  9:  Unipolar  Binary  Operation  with  High  Accuracy  Op  Amp  (2-Quadrant) 
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FIGURE  10:  Unipolar  Binary  Operation  with  Fast  Op  Amp  and  Gain  Error  Trimming  (2-Quadrant) 
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Static  accuracy  is  affected  by  the  variation  in  the  DAC's 
output  resistance.  This  variation  is  best  illustrated  by  using 
the  circuit  of  Figure  11  and  the  equation: 


V error =  Vbs 


('-£■) 


where  Ro  is  a  function  of  the  digital  code,  and: 
R0  =  10kn  for  more  than  4-bits  of  logic  1 
Ro  =  30kfl  for  any  single  bit  logic  1 

Therefore,  the  offset  gain  varies  as  follows: 


At  code  0011  1111  1111. 

V error  =  Vos  ^  1  + 

At  code  0100  0000  0000, 

Verror  =  Vos  ^  1  + 
The  error  difference  is  2/3  V0s- 
FIGURE  11:  Simplified  Circuit 


10kn 

iokn 


iokn 
30kn 


=  2V0S 


=  4/3V0S 


Since  one  LSB  has  a  weight  (for  VflEF  =  +10V)  of  2.4mV  for 
the  PM-7548,  it  is  clearly  important  that  Vos  be  minimized, 
either  using  the  amplifier's  nulling  pins,  an  external  nulling 
network,  or  by  selection  of  an  amplifier  with  inherently  low 
Vos-  Amplifiers  with  sufficiently  low  V0s  include  PMI's  OP- 
77,  OP-07,  OP-27,  and  OP-42. 

UNIPOLAR  BINARY  OPERATION  (2-QUADRANT) 

The  circuit  shown  in  Figures  9  and  10  may  be  used  with  an  AC 
or  DC  reference  voltage.  The  circuit's  output  will  range 
between  OV  and  approximately  -VREF  (4095/4096)  depend- 
ing upon  the  digital  input  code.  The  relationship  between  the 


digital  input  code.  The  relationship  between  the  digital  input 
and  the  analog  output  is  shown  in  Table  1.  The  limiting 
parameters  for  the  Vref  range  are  the  maximum  input  voltage 
range  for  the  op  amp  or  ±  25V,  whichever  is  lowest. 

Gain  error  may  be  trimmed  by  adjusting  R1  as  shown  in 
Figure  10.  The  DAC  register  must  first  be  loaded  with  all  1s. 
This  is  most  easily  accomplished  by  asserting  Data  Override 
HIGH  (DF/BOR  LOW  and  CTRL  HIGH).  R1  may  then  be 
adjusted  until  Vqut  =  "Vref  (4095/4096).  In  the  case  of  an 
adjustable  Vref.  R1  and  R feedback  rnay  be  omitted,  with 
Vref  adjusted  to  yield  the  desired  full-scale  output. 

In  many  applications  the  PM-7548's  negligible  zero  scale 
error  and  very  low  gain  error  permit  the  elimination  of  the 
trimming  components  (R1  and  the  external  Rfeedback) 
without  adverse  effects  on  circuit  performance. 

TABLE  1:  Unipolar  Binary  Code  Table 


DIGITAL  INPUT 
MSB  LSB 

NOMINAL  ANALOG  OUTPUT 

(V0ut  as  shown  in  Figures  9  and  10) 

1111 

1111 

1111 

~VREF(3i§) 

1  000 

0000 

0001 

-Vref/2049\ 

REFUo96; 

1  000 

0000 

0000 

v      /2048\  _  Vref 
REFV4096/  2 

0111 

1111 

1111 

"VrefO 

0000 

0000 

0001 

"Vref(4596") 

0000 

0000 

0000 

"VREF(4lb)=0 

NOTES: 

1.  Nominal  lull  scale  (or  the  circuits  of  Figures  9  and  10  is  given  by 

FS=V-(H)- 

2.  Nominal  LSB  magnitude  for  the  circuits  of  Figures  9  and  10  is  given  by 
LSB  =  M4590)  -wn. 

BIPOLAR  BINARY  OPERATION  (4-QUADRANT) 

Figure  12  details  a  suggested  circuit  for  bipolar,  or  offset 
binary  operation.  Table  2  shows  the  digital  input  to  analog 
output  relationship.  The  circuit  uses  offset  binary  coding. 
Two's  complement  code  can  be  converted  to  offset  binary  by 
software  inversion  of  the  MSB  or  by  the  addition  of  an 
external  inverter  to  the  MSB  input. 
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TABLE  2:  Bipolar  (Offset  Binary)  Code  Table 


DIGITAL  INPUT 
MSB 

LSB 

NOMINAL  ANALOG  OUTPUT 
(Voirras  shown  In  Figure  12) 

1111 

1111 

1111 

1000 

0000 

0001 

1  000 

0000 

0000 

0 

1111 

1111 

1111 

~VREF(a5«) 

0000 

0000 

0001 

■Ml® 

0000 

0000 

0000 

-Mil) 

NOTES: 

1.  Nominal  full  scale  lor  the  circuit  of  Figure  7  is  given  by 

2.  Nominal  LSB  magnitude  for  the  circuit  ol  Figure  7  is  given  by 
LSB  =  VREF  (g^jg)  • 

Resistors  R3,  R4,  and  R5  must  be  selected  to  match  within 
0.01%  and  must  all  be  of  the  same  (preferably  metal  foil)  type 
to  assure  temperature  coefficient  matching.  Mismatching 
between  R3  and  R4  causes  offset  and  full  scale  errors  while 
an  R5  to  R4  and  R3  mismatch  will  result  in  full  scale  error. 

Calibration  is  performed  by  loading  the  DAC  register  with 
1000  0000  0000  and  adjusting  R1  until  VOut  =  0V.  R1  and  R2 
may  be  omitted,  adjusting  the  ratio  of  R3  to  R4  to  yield  V0ut= 
0V.  Full  scale  can  be  adjusted  by  loading  the  DAC  register 
with  1111 1111 1111  and  either  adjusting  the  amplitude  of  VREF 
or  the  value  of  R5  until  the  desired  Vqut  is  achieved. 


SINGLE  SUPPLY  OPERATION 

Voltage  Switching  Mode:  Figure  13  shows  the  PM-7548  in  a 
single  supply  voltage  switching  mode.  This  circuit  uses  the 
micropower  OP-90  to  minimize  supply  current  requirements. 
This  op  amp  allows  the  circuit  output  to  swing  to  ground 
provided  that  the  op  amp  sees  a  resistance  to  ground  of  less 
than  1MI1. 

FIGURE  13:  Ultra  Low  Power  Single  Supply  Operation 
(Voltage  Switching  Mode) 


Q 


-Ov„ 


TOTAL  SUPPLY  CURRENT  ■  S0»A  TYPICAL 

WHERE  VM  -  +«V.  TA  -  +M'C,  AND  DIGITAL  CODE  -  0000  0000  0000 


■NOTE:  fti  MAY  BE  OMITTED  IF  R1  ♦  R2  S 1MI) 


As  shown,  a  reference  voltage  is  applied  to  I  out  and  the 
buffer  op  amp  is  tied,  in  a  noninverting  orientation,  to  the 
VREF  pin.  The  OAC's  R-2R  ladder  acts  as  a  voltage  divider,  its 
output  voltage  at  the  VREF  pin  having  an  impedance  of  R 
(typically  11  k(l). 


FIGURE  12:  Bipolar  Operation  (4-Quadrant) 
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The  applied  reference  voltage  must  always  be  positive  with 
respect  to  AGND.  This  will  avoid  the  forward  biasing  of  an 
internal  diode  found  between  l0uTand  AGND.  The  reference 
voltage  must  also  be  maintained  within  +  2.5V  of  AGND  (with 
Vdd  between  +  12V  and  +15V)  to  maintain  linearity. 

The  output  voltage  of  this  circuit  can  be  described  as: 

/  R1  +  R2  \ 

\     R1  ) 


FIGURE  15:  Analog/Digital  Divider 


VOUT=VHEF(n/4096) 


where  n  is  the  decimal  equivalent  of  the  digital  input  word. 
The  ratio  of  R1  and  R2  may  be  varied  to  give  the  desired 
output  range. 

False  Ground  Mode:  Single  supply  operation  can  be 
implemented  in  a  current  steering  mode  as  shown  in  Figure 
14.  In  this  circuit,  analog  ground  is  offset  to  a  false  ground, 
typically  +5V.  Vqut ranges  between  +5V  and  +10V  depend- 
ing on  the  digital  code  and  the  Vqffset-  Vout's  described  by: 

V0UT  =  V0FFSET+  (n/4096)  (V0FFSET> 

where  n  is  the  decimal  equivalent  of  the  digital  input  word. 

This  configuration  allows  the  use  of  an  op  amp  which  cannot 
operate  down  to  OV,  or  "true"  ground.  For  best  linearity,  V0d 
should  be  at  least  10V  above  the  false  ground. 

FIGURE  14:  Single  Supply  Operation 

(False  Ground,  Current  Steering  Mode) 
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ANALOG/DIGITAL  DIVISION 

The  transfer  function  for  the  PM-7548  connected  in  the 
multiplying  mode  as  shown  in  Figure  15  is: 


1/  -  1/    /  A'  +  A2  +  A3+  . . .  A12  \ 


where  Ax  assume  a  value  of  1  for  an  "ON"  bit  and  0  for  an 
"OFF"  bit. 


C*  CKPIfTS 


AQNDI        | DGND 


omT>-4  O  Vour 


The  transfer  function  is  modified  when  the  DAC  is  connected 
in  the  feedback  of  an  operational  amplifier  as  shown  in  Figure 
15.  It  is  now: 


V0  = 


/  ±!N  \ 

\  A1  +  ^2  +  *3  ■  -+^2.  } 
\  ol       52      o3  512  / 


The  above  transfer  function  is  the  division  of  an  analog 
voltage  (VREp)  by  a  digital  word.  The  amplifier  goes  to  the 
rails  with  all  bits  "OFF"  since  division  by  zero  is  infinity.  With 
all  bits  "ON" ,  the  gain  is  1  (±  1  LSB).  The  gain  becomes  4096 
with  the  LSB,  bit  12,  "ON". 

MICROPROCESSOR  INTERFACE 

The  PM-7548  can  be  directly  interfaced  to  an  8-bit 
microprocessor's  bus.  Two  such  interfaces  are  shown  in 
Figures  16  and  17. 

Figure  16  shows  an  automatic  transfer  interface  with  an 
MC6809  microprocessor.  The  PM-7548  is  assigned  an  ad- 
dress, through  use  of  the  decoder,  that  does  not  use  A0.  The 
8-bit  high  byte  may  then  be  loaded  using  an  even  (X)  address. 
Next,  the  4-bit  low  byte  is  loaded  to  an  odd  address  (X  +  1), 
Ao  selecting  both  the  low  byte  data  loading  and  the  12-bit 
data  transfer. 

Figure  17  shows  a  multiple  DAC,  strobed  transfer  interface 
configuration,  also  using  the  MC6809.  Decoding  allows 
independent  loading  of  data  with  simultaneous  updating  of 
both  DACs.  This  technique  can  be  extended  to  accomodate 
an  unlimited  number  of  DACs  with  the  use  of  additional 
decoding. 
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FIGURE  16:  PM-7548/MC6809  Interface  Automatic  Transfer  Mode 


FIGURE  17:  PM-7548/MC6809  Interface  Multiple  DAC,  Strobed  Transfer  Mode 
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JAN  8-BIT  MULTIPLYING 
D/A  CONVERTERS 


GENERAL  DESCRIPTION 

This  data  sheet  covers  the  electrical  requirements  of  the  monoll- 
thfcS-Wt  dlgftaMo-analog  converters  found  In  MIL-M-38510/113. 
Devices  supplied  to  this  data  sheet  are  manufactured  and  tested 
at  PMI's  MIL-M-38510  certified  facility  and  are  listed  in 
QPL-38510. 

Complete  device  requirements  will  be  found  in  MIL-M-38510 
and  MIL-M-38510/113  for  Class  B  processed  devices. 

Device  Types  shall  be  as  follows: 

01  D/A  Converter,  8  bit,  0.19%  linearity 

02  D/A  Converter,  8  bit,  0.10%  linearity 

GENERIC  CROSS-REFERENCE  INFORMATION 

This  cross-reference  information  is  presented  for  the  conven- 
ience of  the  user.  The  Generic-Industry  types  listed  may  not 
have  identical  operational  performance  characteristics  across 
the  military  temperature  range  or  reliability  factors  equivalent  to 
the  MIL-M-38510/113  devices. 


Military  Device  Type 

Generic-Industry  Type 

01 

DAC-08 

02 

DAC-08A 

CASE  OUTLINE 

Per  MIL-M-38510,  Appendix  C,  Case  Outline  D-2  ( 16-Lead  1/4"  x 
7/8",  dual-in-line).  Package  type  designator  "E". 


POWER  AND  THERMAL  CHARACTERISTICS  

Package      CattoutUno     Maximum  allowable    Maximum  Maximum 
power  tttetlpaBon       9J  —  C      flj  —  A 

Dual-in-line  E         400mWatTA  =  125,,C    35°C/W  120*C/W 


ORDERING  INFORMATION 


LINEARITY    JAN  SLASH  SHEET 


PMI  DEVICE 


0.19% 
0.19% 


JM38510/113O1BEB 
JM3S510/113O1BEA 


DAC08O2/38S10 
□AC08Q5/38510 


0.10% 
0.10% 


JM38510/11302BEB 
JM38S10/11302BEA 


□AC0BAO2/3SS10 
DAC08AQ5/38510 


PIN  CONNECTIONS 


16-PIN  HERMETIC  DIP 


J«]  COMPENSATION 
]E  VREF l-l 
]3  VflEF  CP 

jj]  ,Vcc       TIN  REFLOW  LEAD  TYPE 
T3o8lSB  (Q2-Sufflx) 

B7  SOLDER  DIPPED  LEAD  TYPE 
^  B6  (Q5-Sufflx) 

7]  B5 


to 


SIMPLIFIED  SCHEMATIC 
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ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage  [+VCc-(-VCc> I    36Vdc 

Voltage,  Digital  Input  to  Negative  Supply 

IViogic- (-Vcc)l   0to36Vdc 

Voltage,  Logic  Control  ( VLC)   -VCc  to  +  VCc 

Reference  Voltage  Input  |(  Vm,  V15))   -Vcc  to  +Vcc 

Reference  Input  Current  (1 14)  5mA 

Reference  Input  Differential  Voltage 

[(V14-V15))  ±18Vdc 

Lead  Temperature  (Soldering.  60  sec)   300° C 


Junction  Temperature    175"  C 

Storage  Temperature    ^"Cto+IStPC 

RECOMMENDED  OPERATING  CONDITIONS 

Supply  Voltage  Range    ±SVdc  to±15Vdc* 

Ambient  Temperature  Range    -55°  C  to+125°C 

•note 

A  slight  degradation  in  linearity  can  occur  when  the  supply  voltage  is  near  the 
±5V  end  of  the  recommended  operating  range. 


ELECTRICAL  CHARACTERISTICS  at  ±VCC  =  ±15Vdc;  Source  resistance 
temperature  range  =  -55°  C  to  +  125"  C,  unless  otherwise  noted. 

=  50  ohms;  I 

REF- 

2.mA;  Figure  1;  Ambient 

PARAMETER 

SYMBOL 

CONOITIONS 

01  LIMITS 

MIN  MAX 

02  LIMITS 

MIN  MAX 

UNITS 

Monotonicity 

All) 

a<T7 

Measure  lo.  (  Ion  _  'on-0  s  0  at 
each  major  carry  point 
Measure  i^i  (ioN-ioil-i)  2  0  at 
each  major  carry  point 

0 
0 

16 
18 

0 
0 

16 
18 

uA 

Output  Symmetry 

■lips 

Ips"  'fs 

-B 

8 

-4 

4 

fA 

Full-Scale  Current 
Temperature  Coefficient 

TcHfsI 
Tcdral 

All  input  bits  high,  Measure  l0 
All  input  bits  low.  Measure  lo" 

-50 

50 

-50 

50 

ppm/'C 

Full-Scale  Current 

'fs 
•fs 

All  input  bits  high, 
Measure  lo 
All  input  bits  low. 
Measure  1^ 

1.94 

2.04 

1.984 

2 

mA 

Zero-Scale  Current 

'zs 
'zs 

All  input  bits  low 
Measure  Iq 
All  input  bits  high. 
Measure  Tq 

-2 

2 

-1 

1 

MA 

Positive  Bit  Errors 

INL+ 

Measure  l0 

(^Positive  bit  errors )/IFS 

Measure  lo   

(S  Positive  bit  errors  l/IFS 

0 

0.19 

0 

0.10 

% 

Negative  Bit  Errors 

XNL- 
ENL- 

Measure  lo 

(INegative  bit  errors )/IFS 
Measure 

(I  Negative  bit  errors  l/IFS 

-0.19 

0 

-0.10 

0 

% 

Positive  and  Negative 
Bit  Error  Difference 

AINL 
AIM. 

Measure  lo 
ISNL+  |-|  SNL-I 
Measure  Iq 
ISNL+  l-IINL-l 

-0.05 

0.05 

-0.03 

0.03 

% 

Positive  Relative  Accuracy 

NL+ 
Nl+ 

Measure  lo 
ISNL+  |  +  |  A1HL  | 
Measure  Iq 
|£NL+  |  +  |  AXNL  | 

0 

0.1S 

0 

0.10 

* 

Negative  Relative  Accuracy 

NL- 
NL- 

Measure  l0 
IINL-  |  +  |  ASNL  | 
Measure  Iq 
\tfH- 1  +  I  AtfSL  | 

0 

0.19 

0 

0.10 

Bit  Error 

Bit  error  is  the  deviation  of  the  analog  output  from  its  ideal  value  (after 
zero-scale  and  full-scale  errors  have  been  calibrated  out )  when  turning  on  en 
individual  bit.  This  is  measured  for  all  n  bits. 
Bit  error  (analog  value)  =  Vn  -  (FSfV2n) 
Where  Vn  >=  analog  output  with  bit  n  on  only. 
FSR  =  full-scale  range 
n  =  number  of  bits 


Summation  Nonllnearity  (INL) 

Summation  nonlinearity  is  the  sum  of  all  positive  bit  errors  or  all  negative  bit 
errors,  whichever  Is  larger.  By  summing  up  all  the  bit  errors  In  one  direction, 
you  obtain  the  worst  possible  nonlinearity  (i.e.  if  bit  2  is  1  LSB  high  and  bit  4  Is 
1/2  LSB  high,  then  bits  2  and  4  together  will  be  1  1/2  LSBs  high.  This  is 
essentially  the  same  as  integral  nonlinearity  since  the  bit  errors  are  super- 
imposed on  each  other  to  give  the  worst  case  nonlinearity. 


11-320 


8/87,  Rev.  A1 


JM38510/11301/11302  JAN  8-BIT  MULTIPLYING  D/A  CONVERTER 


ELECTRICAL  CHARACTERISTICS  at  ±  Vcc  =  ±  15Vdc;  Source  resistance  =  SO  ohms;  IREf  =  2.0mA;  Figure  1 ;  Ambient 


temperature  range  =  -55°  C  to  +  125" 

C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

01  LIMITS 
MIN  MAX 

02  LIMITS 
MIN  MAX 

UNITS 

Output  Current  Range 

Ifsri 
•fsri 
lFSR2 

All  Input  bits  high.  Measure  Iq, 
-Vcc  =  -10V.VREf=15V  _ 
All  Input  bits  low.  Measure  l& 
-Vcc  =  -10V,VREf  =  15V 
All  input  bits  high,  Measure  lQ 
-V(jc  = -12V.  Vref  =  25v  _ 
All  input  bits  low,  Measure  l0 
-Vcc  =  -12V.VREF  =  25V 

2.1 
4.2 

2.1 
4.2 

mA 

Reference  Bias  Current 

!ref" 

All  input  bits  low 

-3 

0 

-3 

0 

dA 

High  Level  Input  Current 

l|H 

All  Input  bits  V,„  =  18V.  each 
input  measured  separately 

-0.05 

10 

-0.05 

10 

(■A 

Low  Level  Input  Current 

•iL 

All  input  bits  VIN  =  10V.  each 
input  measured  separately 

-10 

-10 

*A 

Full-Scale  Current 
At  +  18V  Compliance 

'fs+ 

IF8  + 

All  input  bits  high,  Measure  l0, 
VI0=18V 

All  Input  bits  low.  Measure  Ig. 
V10=18V 

1.90 

2.08 

1.94 

2.04 

mA 

Full-Scale  Current 
At  -10V  Compliance 

"F8- 

'fs- 

All  Input  bits  high.  Measure  lo 
Vlo  =  -10V  _ 
All  Input  bits  low,  Measure  Iq. 
V|o  =  -10V 

1.90 

2.08 

1.94 

2.04 

mA 

Change  In  Full  Scale  Current 
Due  to  Voltage  Compliance 

4'fsc 
^'fsc 

All  Input  bits  high.  Measure  l0, 

25'CSTA<125°C 

TA  =  -55"C 

Vra=18Vto-10V 

All  Input  bits  low,  Measure  l0 

25,C£TA<125"C 

TA-=-55°C 

Vto  3  ^SV  to  -10V 

-4 
-8 

-4 

-8 

4 
8 

4 

8 

-4 

-8 

-4 

-8 

4 

8 

4 

8 

i<A 

Power  Supply  Sensitivity 
From  +Vcc 

pss'fs+1 
pss'fs+1 
Pss'fs  +2 

PsS«FS  +  2 

Ail  Input  bits  high,  Measure  Iq, 
+ Vcc  =  4.5V  to  +5.5V,  -  Vcc_=  -  18V 
All  input  bits  low,  Measure  l0, 
+Vec  =  4,5V  to  +5.5V.  -Vcc=  -18V 
All  Input  bits  high.  Measure  Iq. 
+ Vcc  =  «V  to  18V,  -  Vcc  =  H8V 
All  input  bits  low,  Measure  lo 
+Vcc  =  12V  to  18V,  -Vcc  =  -18V 

-4 
-8 

4 
8 

-4 
-8 

4 
8 

«A 

Power  Supply  Sensitivity 
From  -Vcc 

Pss'fs-1 
Pss'fs-1 

pss'fs"2 

pss  'fs"z 

All  input  bits  high,  Measure  l0. 

TVcc     lov,    »CC             lu  ,OY 

Ail  input  bits  low,  Measure  lo 
+vcc=  18V,  -Vcc  =  -12V  to -18V 
All  Input  bits  high,  Measure  lo 
+ Vcc  =  18V.  -  Vcc  =  -4.5V  to  -5.5V 
•ref=  1mA 

AM  input  bits  low.  Measure  io* 
+VCC  =  1BV.  -  Vcc  =  _4-5v  »  -5-5v 
lREF=1mA 

-8 
-2 

8 
2 

-8 

-2 

8 
2 
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ELECTRICAL  CHARACTERISTICS  at  ±VCC  =  ±15Vdc;  Source  resistance  =  SO  ohms;  lREF=  2.0mA;  Figure  1;  Ambient 
temperature  range  =  -55°  C  to  + 1 25°  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

01  LIMITS 
MIN  MAX 

02  LIMITS 

MIN  MAX 

UNITS 

Supply  Current  From  +VCC 

lcc+ 

All  Input  bits  high 

0.4 

3.B 

0.4 

3.8 

mA 

Supply  Current  From  -Vcc 

•cc~ 

All  input  bits  high 

-7.8 

-0.8 

-7.8 

-0.8 

mA 

Propagation  Delay  Time, 
Hlgh-to-Low  Level 

'PHL 

Figure  2,  Measure  V0 

6 

60 

6 

60 

ns 

Propagation  Delay  Time, 
Low-to-High  Level 

'PLH 

Figure  2.  Measure  V0 

6 

60 

6 

60 

ns 

Reference  Amplifier  Input 
Slew  Rate 

dlo/dt 
TA=25'C 

Figure  3,  Measure  V0 

1.5 

1.5 

mA/j<s 

Settling  Time, 
Hlgh-to-Low  Level 

'SHL 

TA=2S"C 

Figure  2,  Output  within  1/2 
LSB  of  final  value  of  l0 

10 

135 

10 

135 

ns 

Settling  Time,                     tSLH                Figure  2,  Output  within  1/2 
Low-to-HIgh  Level  TA  =  25"C  LSB  of  final  value  of  l0 


QQCGKXOQ 
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Flgure  1.  Test  Circuit  For  Static  Tests 


♦5V  FOR  Vqut 

ov  for  Tout 


10uF 

T  T35" 


VOUT 


-15V 


.1 


VOUT  OH  VOUT  -IV 
-2V  


,V  \ 


-  0.5V 

-  15V 


Figure  3.  Test  Circuit  For  Stew  Rate,  Device  Types  01, 02 
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OPTIONAL  WITH  FET  PROBE 


REF  ■  10V  6«1 


NOTES: 

1.    FOR  TURN-ON  V(.  -  2.7V;  FOR  TURN-OFF  Vl  -  0.7V 
Z.    MINIMIZE  CAPACITANCE  AT  THIS  NODE  BY  USING 
SHORT  RUNS  AND  ADEQUATE  SPACING  BETWEEN 
RUNS. 

3.     DIODES  MUST  BE  SCHOTTKV  TYPE  (MBO  SOI  OR 
EQUIVALENT!. 

■  ,„  4.  BANDWIDTH  OF  OSCILLOSCOPE  USED  FOR  WAVE- 
0-15V  FORM  MEASUREMENT  SHOULD  BE  60MH*  MINI- 

MUM; SATURATION  OF  PREAMP  MUST  BE  AVOIDED- 


tl/2lS0  -  4mV 


|^-tSLH-^| 


Figure  2.  Test  Circuit  For  Propagation  Delay  and  Settling  Time,  Device  Types  01  and  02 


BURN-IN 

Devices  supplied  by  PMI  have  been  subjected  to  burn-In 
per  method  1015  of  MIL-STD-883  using  test  condition  C  or 
test  condition  F  with  the  circuit  shown  in  Figure  4. 


JHI-' 


13       12        11  10 


am 


1         2        3       [4         &        8         7  8 


RI-tkfltBK 

CI  ■  0.001  (iF,  GOV 
C2  -  O.OImF.  S0V 


Rgure  4.  Test  Circuit,  Bum-In  and  Operating  Life  Test 
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A/D 

CONVERTERS 


INTRODUCTION 

Analog-to-digital  converters  (ADC)  translate 
analog  input  voltages  into  an  equivalent  digital 
value.  PMI's  ADCs  use  the  general  purpose 
successive  approximation  conversion  (SAC) 
technique.  The  basic  SAC  architecture  consists  of 
a  DAC,  comparator,  input  scaling  resistors,  and  a 
successive  approximation  register.  A  clock  and  a 
voltage  reference  make  a  complete  ADC  system. 

PMI  uses  both  bipolar  and  CMOS  technologies  to 
optimize  ADC  designs.  The  bipolar  technology 
lends  itself  to  high  speed  ADC  conversion  and 
provides  the  complete  ADC  function  including  an 
internal  reference.  The  CMOS  technology  offers 
ADC  designs  with  very  low  power  consumption 
and  good  interface  versatility  at  lower  prices.  PMI's 
improved  bipolar  and  oxide-isolated  CMOS 
processes  offer  the  best  conversion  speeds  in  the 
SAC  architecture. 

A  SAC  ADC  has  inherent  ratioing  capability  . 
between  the  input  voltage  and  the  input  reference 
level.  The  digital  output  is  proportional  to  Vin/Vref- 
Important  criteria  for  selection  of  A/D  converters 
include  accuracy,  conversion  speed  and  resolution. 
Other  requirements  include  temperature  stability, 
output  coding,  output  data  format,  reference 
stability,  clock  and  power  needs. 

At  the  digital  output  many  interface  data  formats 
are  available  to  match  the  wide  variety  of 
application  needs.  The  ADC-910  provides  a  very 
complete  microprocessor-controlled  interface 
which  contains  data  registers,  control  registers 
and  hand-shaking  lines.  This  architecture 
provides  a  complete  microprocessor  compatible 
system  that  allows  total  software  control  of  all 
ADC  functions.  For  stand-alone  applications  the 
ADC-908  offers  direct  data  output,  start 
conversion  and  very  low  power  dissipation. 

For  12-bit  A/D  converter  applications  the  new  12 
microsecond  conversion  time  ADC-9012  offers  a 
monolithic  low-cost  solution.  This  low  power 
CMOS  design  provides  fast  90  nanosec  access 
time  and  75  nanosec  bus  disconnect  time  for 
high  data  transfer  rates. 


DEFINITIONS— 

ANALOG-TO-DIGITAL  CONVERTERS 

Accuracy— ADC  total  accuracy  consists  of  the 
sum  of  integral  nonlinearity  (INL)  error,  zero  error, 
gain  error  and  reference  error  specifications.  The 
INL  is  the  most  critical  specification  since  no 
additional  user  calibration  can  be  easily  performed. 
Additional  specifications  affecting  ADC  device 
accuracy  includes  zero  drift,  gain  drift,  power 
supply  sensitivity,  and  noise.  Proper  circuit  layout 
and  grounding  are  also  important  factors  in 
achieving  rated  performance. 

Aperture— The  period  of  time  during  which  an 
analog  input  to  an  ADC  should  not  change  more 
than  1/2  LSB.  Determines  maximum  sampling 
frequency  of  the  ADC. 

ADC— An  acronym  for  Analog-to-Digital 
Conversion,  sometimes  written  as  A/D. 

Binary  Coding— The  digital  output  of  an  ADC  is 
considered  binary-coded  when  outputs  start  at  all 
zeros  for  a  zero-scale  analog  input  counting  up  to 
all-ones'  output  code  for  a  full-scale  analog  input 
signal. 

Bipolar  Mode— An  ADC  configured  to  convert 
both  positive  and  negative  input  voltages. 

Bipolar  Offset— The  analog  displacement  of  one 
half  of  full  scale  range  when  the  ADC  operates  in 
the  bipolar  mode.  The  offset  is  generally  derived 
from  the  converter  reference  circuit. 

Bus— A  parallel  path  of  binary  information  signals— 
usually  4,  8,  or  16  bits  wide. 

Byte — A  binary  digital  word  often  8  bits  long. 

Chip  Select  (CS)— A  logic  input  signal  activating 
data  or  control  information  transfer  between  the 
ADC  and  the  digital  circuitry.  This  signal  is  usually 
active  low  designated  by  a  bar  over  the  top  of  (CS). 
CS  is  used  in  conjunction  with  additional  quali- 
fying logic  signals  to  determine  the  exact  activities 
to  take  place. 

Clock  (CK) — The  operation  of  the  successive 
approximation  conversion  process  requires  a 
clock.  The  clock  sets  the  basic  conversion  rate. 
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Some  ADCs  have  an  internal  clock,  using  an 
external  capacitor  to  set  the  frequency.  Most  ADCs 
have  an  external  clock  input. 

Code  Width— The  amount  of  input  voltage  change 
which  occurs  between  output  code  transitions 
expressed  in  LSBs  of  full  scale.  The  ideal  code 
width  is  one  LSB. 

Code  Width  Uncertainty— The  dynamic  variation 
or  jitter  in  the  code  width  due  to  noise. 

Coding— The  format  of  the  ADC  digital  output 
data.  Common  formats  include  binary,  offset 
binary,  complementary  binary,  two's  complement, 
low  byte  and  high  byte. 

Command  Register— An  internal  register  of  the 
ADC  that  can  be  programmed  by  the  user  to  select 
various  modes  of  operation.  For  example,  unipolar 
or  bipolar  conversion  selection,  range  selection, 
data  output  format,  etc. 

Control  Lines— Digital  input/output  pins  that 
activate/monitor  and  control  ADC  operation.  For 
example,  chip  select,  write,  low  byte,  high  byte, 
start  convert,  end  of  conversion,  conversion 
complete,  busy,  read,  etc. 

Conversion  Complete  (CC)— This  digital  output 
signal  indicates  the  end  of  conversion.  When  this 
signal  is  in  the  opposite  state  the  ADC  is  considered 
to  be  in  the  "busy"  state. 

Conversion  Time  (tc)— The  amount  of  time 
elapsed  from  the  start-conversion  control  signal 
until  the  conversion  complete  signal  occurs. 

Differential  Nonlinearity  (DNL)— The  worst-case 
deviation  of  distance  between  transition  voltages 
from  the  ideal  1  LSB  code  width.  The  parameter 
uses  units  of  LSBs.  DNL  is  one  of  an  ADC's  errors 
which  cannot  be  removed  by  user  adjustments. 

Drift— See  Gain  Drift,  Zero  Drift,  and  Offset  Drift 
specifications. 

End  Of  Conversion  (EOC)— This  digital  output 
signal  flags  the  conversion  complete  and  data 
ready  condition  of  an  ADC. 
Full  Scale  (FS)— Maximum  input  voltage  of  an 
ADC.  A  full-scale  input  voltage  to  a  natural  binary- 
coded  ADC  outputs  the  all-ones  code. 

Full-Scale  Error— This  parameter  applied  to  ADCs 
is  the  same  as  the  gain  error  specification.  See 
Gain  Error. 
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Full-Scale  Range  (FSR)— The  difference  between 
maximum  and  minimum  analog  values  for  an  ADC 
input. 

Gain  Drift— The  change  in  the  full-scale  transition 
voltage  measured  over  the  operating  temperature 
range  This  parameter  has  units  of  %  of  full  scale, 
ppm  of  full  scale,  or  LSB.  It  may  also  be  expressed 
as  %  of  FS/°C,  ppm  of  FS/°C,  etc. 

Gain  Error— The  difference  between  the  actual 
full-scale  transition  voltage  and  the  ideal  full-scale 
transition  voltage.  The  units  of  this  parameter  are 
in  LSBs  or  percent  of  full  scale. 

Half-Step  Offset— The  half-step  offset  is  necessary 
in  ADCs  to  center  the  analog  input  voltages  half 
way  between  the  output  code  transition  points. 
The  SAC  converter  architecture  inherently  has  a  1 
LSB  transition  voltage  for  the  first  code  change  if  a 
half-step  offset  is  not  inserted. 

High  Byte  (HB)— In  ADCs  with  resolutions  greater 
than  8  bits,  some  products  are  offered  in  a  high 
byte,  low  byte  format  to  simplify  interface  to  8-bit 
microprocessor  systems.  The  high  byte  contains 
the  most  significant  bit  and  some  or  all  of  the 
upper  8  bits  of  the  ADC  output.  Generally  bits  are 
loaded  in  a  right  or  left  justified  format,  individual 
product  data  sheets  should  be  consulted. 

Input  Impedance  (Rin)— Analog  input  resistance 
of  the  ADC.  In  SAC  converters  input  impedance  is 
primarily  resistive,  but  should  be  buffered  by  an 
amplifier  with  a  low  output  impedance  at  the  clock 
frequency  of  the  SAC  ADC  to  maintain  a  stiff  input 
voltage  to  the  ADC. 

Input  Range— The  analog  voltage  input  range 
which  results  in  a  zero  code  to  full-scale  code 
digital  output  in  a  natural  binary-coded  ADC.  This 
parameter  is  identical  to  full-scale  range.  Common 
preset  ranges  include  0  to  10V,  -10  to  +10V,  -5  to 
+5V,  etc. 

Integral  Nonlinearity  (INL)— This  error 
specification  is  a  measure  of  the  straightness  of 
the  ADC  transfer  function.  It  is  measured  as  the 
worst-case  deviation  in  LSBs  from  a  straight  line 
drawn  through  the  center  of  the  first  and  last  code 
widths.  INL  is  one  of  the  key  error  specifications  of 
an  ADC  which  cannot  be  calibrated  by  the  user. 

Left  Justified  Data— In  the  byte-oriented  data- 
output  format,  data  bit  sets  shorter  than  8  bits  are 
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placed  starting  in  the  left  side  of  the  data  output 
transfer  register.  This  could  apply  to  the  upper  or 
lower  byte.  For  example,  a  12-bit  ADC  will  have  4 
extra  bits  which  could  be  left  Justified. 
Least  Significant  Bit  (LSB)— The  binary  digit  with 
the  smallest  numerical  weighting,  normally  one 
LSB  equals  full-scale  range  divided  by  (2n),  where 
n  is  the  number  of  bits  of  the  ADC.  This  parameter 
may  be  expressed  in  millivolts. 

Low  Byte  (LB)— In  ADCs  with  resolutions  greater 
than  8  bits,  some  products  are  offered  in  a  high 
byte,  low  byte  format  to  simplify  interface  to  8-bit 
microprocessor  systems.  The  low  byte  contains 
the  least  significant  bit  and  some  or  all  of  the  low  8 
bits  of  the  ADC  output.  Generally  bits  are  loaded 
in  a  right  or  left  justified  format.  Individual  product 
data  sheets  should  be  consulted. 
Major  Transition— The  digital  output  code  change 
between  one-and-all-zeros  code  and  zero-and-all- 
ones  code.  For  example  an  8-bit  ADC  major 
transition  occurs  between  the  codes  1000  0000  and 
0111 1111  (half-scale). 

Missing  Code— As  an  analog  input  voltage  is 
swept  from  zero  input  to  full  scale,  the  output 
digital  codes  should  change  by  1  LSB  as  each 
transition  voltage  is  reached.  If  an  output  code  is 
skipped,  we  have  a  missing  code. 

Most  Significant  Bit  (MSB)— The  binary  digit  of 
the  resulting  ADC  conversion  with  the  largest 
numerical  weighting.  Normally  the  MSB  has  a 
weighting  of  one-half  full-scale  range. 

Offset  Binary  Code— A  digital  binary  code  used  to 
represent  plus  or  minus  input  polarity  analog 
voltages.  Negative  full-scale  voltage  is  assigned  all- 
zeros  code.  Zero  input  voltage  has  the  MSB  high 
(logic  one)  and  the  remaining  bits  at  zero.  Positive 
full-scale  voltage  is  assigned  all-ones  code. 

Offset  Drift— The  change  with  temperature  of 
analog  zero  for  an  ADC  operating  in  the  bipolar 
mode.  It  is  generally  expressed  in  ppm  of  FSR/°C 
or  LSBs. 

Offset  Error— The  error  at  analog  zero  for  an  ADC 
operating  in  the  bipolar  mode.  It  has  units  of  %  of 
FSR  or  LSBs. 

Overrange — When  analog  input  voltages  exceed 


the  input  range,  an  overrange  condition  is  in  effect. 
Normally  the  digital  output  code  stays  at  all  ones 
for  positive  overrange  and  all  zeros  for  negative 
overrange  with  standard  binary  coding. 

Power  Supply  Sensitivity  (PSS)— The  change  in 
the  full-scale  transition  voltage  due  to  a  change  in 
power  supply  voltage.  The  units  are  in  LSB,  %  of 
FS  per  %  of  supply  voltage,  or  ppm  of  FS  per  %  of 
supply  voltage. 

Quantization  Error— An  ADC  of  n  bits  can  only 
identify  2"  output  codes;  however,  there  exists  an 
infinite  number  of  analog  input  values  adjacent  to 
the  LSB  of  the  ADC  which  are  assigned  the  same 
output  code.  The  ±1/2  LSB  limit  to  resolution  is 
known  as  the  fundamental  quantization  error  of  an 
ADC. 

R-2R  Ladder— A  resistor  network  providing  the 
basic  binary-current-division  used  in  SAC  ADCs. 

Reference  (Vref)— Reference  voltages  determine 
ADC  system's  absolute  conversion  accuracy  at  full 
scale.  At  other  voltages  the  INL  and  reference 
determine  absolute  accuracy.  References  may  be 
internally  or  externally  supplied. 

Relative  Accuracy— Relative  accuracy  error, 
expressed  in  LSBs  or  %  of  full  scale,  is  the 
deviation  of  the  analog  value  at  any  code  from  its 
theoretical  value  after  gain  and  offset  is  calibrated. 
PMI's  usage  of  this  specification  is  identical  to  the 
integral  nonlinearity  specification. 

Resolution— The  resolution  of  an  ADC  is  the 
number  of  states  (2n)  that  the  analog  input  voltage 
is  divided  (or  resolved)  into,  where  n  is  equal  to  the 
number  of  bits. 

Right  Justified  Data— In  the  byte-oriented  data- 
output  format,  data  bit  sets  shorter  than  8  bits  are 
placed  starting  in  the  right  side  of  the  data  output 
transfer  register.  This  could  apply  to  the  upper  or 
lower  byte.  For  example,  a  12-bit  ADC  will  have  4 
extra  bits  which  could  be  right  justified. 

Sampling  Frequency— The  rate  at  which  the  ADC 
can  continuously  convert  analog  inputs  into  digital 
outputs.  In  SAC  ADCs  clock  frequency  and  data 
transfer  overhead  determines  the  sampling 
frequency. 
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Short  Cycling— Termination  of  the  conversion 
sequence  of  an  ADC  to  less  than  the  total  number 
of  clock  periods  required  for  a  full  resolution 
conversion. 

Span— Sometimes  used  to  describe  the  full-scale 
analog  input  voltage.  Some  ADCs  have  resistor- 
selectable  analog  input  ranges. 

Status  Register— A  register  indicating  current 
status  of  the  analog-to-digital  conversion  with  a 
busy  signal  or  a  conversion  complete  signal. 

Successive  Approximation  Conversion  (SAC)— 

Successive  approximation  converters  compare  an 
analog  input  against  an  accurately-known  binary 
fraction  of  a  reference  input.  Starting  with  half  the 
reference  value  (the  MSB)  the  converter 
determines  whether  the  input  is  greater  than  or 
less  than  this  value.  Next  the  converter  divides  the 
remaining  value  in  half  again  determining  whether 
the  input  value  is  in  the  upper  or  lower  quarter. 
This  process  is  continued  until  all  bits  have  been 
tried.  The  digital  result  of  each  trial  is  a  numerical 
representation  of  the  analog  input. 

Successive  Approximation  Register  (SAR)— A 
digital  circuit  that  controls  the  operation  of  a 
successive  approximation  ADC  and  accumulates 
the  output  digital  word  in  its  register. 
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Three-State  Output  Buffer— A  digital  output  circuit 
that  can  be  programmed  to  output  a  logic  low, 
logic  high  or  a  high  output  impedance  state.  These 
devices  are  generally  connected  to  digital  buses. 

Transition  Noise— Width  of  the  transition  voltage 
region. 

Transition  Voltage— The  transition  voltage  is  the 
center  of  a  finite  band  of  analog  input  voltages 
where  the  digital  output  code  of  the  ADC  toggles 
between  two  adjacent  codes. 

Unipolar  Mode— Operation  of  an  ADC  with  zero  to 
full-scale  voltage  inputs  of  one  polarity  only. 

Word— A  set  of  binary  digits  that  represent  the 
fundamental  register  size  of  the  digital  circuits 
being  used.  For  example,  Z80,  8085,  and  6800 
microprocessor  systems  use  8-bit  words,  while 
68000  and  80186  microprocessor  systems  have 
16-bit  words. 

Zero  Drift— The  change  with  temperature  of 
analog  zero  for  an  ADC  operating  in  the  unipolar 
mode.  It  is  generally  expressed  in  ppm  of  FS/°C, 
or  LSBs. 

Zero  Error— The  error  at  analog  zero  for  an  ADC 
operating  in  the  unipolar  mode.  This  is  a  user 
adjustable  parameter. 
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A/D  CONVERTER  SELECTION  GUIDE 
8-Bit  Resolution 

Product  type 

Conversion 
Time 
0*) 

Linearity 
Error 

Supply 
Voltage 

Reference 
Voltage 

Input 
Vbltage 
Range 

Digital 
Output 
Coding 

PM0820     CMOS  Half-Flash 
ADC908     CMOS  SAR 

PM7574      CMOS  SAR 

6 
15 

±1/2LSB 
±1/2LSB 

±1/2LSB 

+5 
+5 

+5 

+5 
-10 

-10 

+5 
+10 
±10 
+10 
±10 

Binary 
Binary 

Offset  Binary 
Binary 

Offset  Binary 

10-Bit  Resolution 

Product  Type 

Conversion 

T|M. 

Time 

Linearity 
Error 

Supply 
Voltage 

Reference 
Voltage 

Input 
voiiage 
Range 

Digital 
v/Uipui 
Coding 

ADC910     Bipolar  SAR 

6 

±1/2LSB 

±5 

2.5 
Int 

+5,  +10 
±5,  ±10 

Binary 
Offset  Binary 

12-Bit  Resolution 

Product  Type 

Conversion 
Time 

(MS) 

Linearity 
Error 

Supply 
Vbltage 

Reference 
vbltage 

Input 
Voltage 
Range 

Digital 
Output 
Coding 

ADC3012    CMOS  SAR 

12. 

±1/2LSB 

+5,  -12 

-5 

+10 

Binary 

C/3 
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CMOS  MICROPROCESSOR-COMPATIBLE 
FAST  8-BIT  A/D  CONVERTER 


Precision  JYlonolithics  Jiic. 


FEATURES 

•  8-Bit  Resolution  and  Accuracy 

•  No  Missing  Codes  Over  Full  Temperature  Range 

•  6us  Conversion  Time 

•  Flexible  yP  Interface 

•  2.5mA  Maximum  Standby  Current 

•  Replaces  AD7S74  With  Improved  Speed 

ORDERING  INFORMATION!   

PACKAGE:  18-PIN  DIP  AND  SO 


INL 
(LSB) 


MILITARY* 
TEMPERATURE 
DNL  -55"C 
(LSB)        TO  +125°C 


INDUSTRIAL 
TEMPERATURE 

-WC 
TO+fS'C 


COMMERCIAL 
TEMPERATURE 
<CC 
TO70«C 


±1/2  ±3/4  AOC908AX  ADC908EX  ADC903GP 
±3/4  ±7/8  ADC908BX  ADC908FX  ADC908HP 
±1/2       ±3/4  -  -  ADC908CStt 

*  For  devices  processed  in  total  compliance  to  MIL-STD-S83.  add  /683  alter 

part  number.  Consult  tactory  tor  683  data  sheet, 
t  Burn-in  is  available  on  commercial  and  Industrial  temperature  range  parts  in 

cerdip.  plastic  dtp,  and  TOcan  packages.  For  ordering  information,  see  1988 

Data  Book,  Section  2. 

ft  For  availability  and  burn-in  Information  on  SO  and  PLCC  packages, 
contact  your  local  sales  office. 

GENERAL  DESCRIPTION 

The  ADC-908  is  a  monolithic  CMOS  successive-approxima- 
tion analog-to-digital  converter.  When  used  with  a  1.35MHz 
clock,  a  conversion  time  of  6us  is  achieved,  with  full  accuracy 
over  the  operating  temperature  range. 

The  ADC-908  outputs  use  3-state  logic,  allowing  direct  con- 
nection  to  the  data  bus  or  system  input  port  Active-LOW  chip 
select  (CS)  and  read/write  (RD)  inputs  are  used  to  control  all 


operations.  This  input  structure  permits  the  ADC-908  to  be 
used  as  a  memory-mapped  input  device.  Depending  on  the 
control  timing  waveforms,  the  ADC-908  is  interfaced  like 
static  RAM,  ROM,  or  slow  memory. 

The  low  power  consumption  of  the  ADC-908  is  derived  from  a 
single  +5V  supply.  A  negative  reference  voltage  must  also  be 
supplied.  Optimum  accuracy  is  achieved  when  the  reference 
is  at  -10.00V  with  a  low  output  resistance.  For  a  low-cost 
precision  -10V/-10.24V  reference,  ask  your  PMI  sales  repre- 
sentative about  the  REF-08. 

With  its  on-board  comparator,  interface  logic,  optional  internal 
clock,  and  +5V  operation,  the  ADC-908  is  the  ideal  low-cost 
solution  for  microprocessor-based  8-bit  A/D  systems. 

PMI's  ADC-908  is  pin-and-function  compatible  with  the 
PM-7574,  but  offers  faster  conversion  time  and  faster  micro- 
processor bus  interface  timing.  Conversion  time  has  been 
reduced  by  60%  and  most  key  timing  specifications,  including 
data  access  time,  START  command  propagation  delay 
(twBPo).  and  reset  time,  have  been  improved. 

PIN  CONNECTIONS 


»ooE 

ujoOKD 

2)  cut 

w]ei 

*»E 

«]So 

AGKD  (T 

MjiDsr 

Da7(use)(T 

1l]  080  (LSB) 

DM  [7 

u]dbi 

DBS  [7 

TTJom 

084  fT 

»]DB) 

18-PIN  CERDIP 
(X-Suffix) 

18-PIN  PLASTIC  DIP 
(P-Sufflx) 

18-PIN  SOL 
(S-Suffix) 


FUNCTIONAL  DIAGRAM 


INTERFACE  AND 
CONTROL  LOOtC 


i  DATA  OUT 
'  DBO-037 


6 

DGND 
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ABSOLUTE  MAXIMUM  RATINGS 

Oa  =  +25°C.  unless  otherwise  noted.) 

V0D  to  AGND  OV,  +7.0V 

VDD  to  DGND  OV.  +7.0V 

AGNDto  DGND  -0.3V,  VDD 

CS.  RD  to  DGND    -0.3V.  Vqo  +  0.3V 

DB0-DB7  to  DGND  -0.3V.  VDD 

CLK,  BUST  to  DGND  -0.3V,  VDD 

Bofs.  A,n   ±20V 

Vref  0V.  -20V 

Operating  Temperature  Range 

ADO908AX,  BX  -  55°C  to  +125°C 

ADC-908EX,  FX  -40°C  to  +85°C 

ADC-908GP,  GS,  HP  0»C  to  +70°C 

Storage  Temperature  -65°C  to  +150°C 


Lead  Temperature  (Soldering,  10  sec)  +300°C 

Power  Dissipation  (Package) 
Ceramic  (Suffix  X)  and  Plastic  (Suffix  P) 

To+75°C.....   450mW 

Derate  Above  +75°C  by   6mW/°C 

Derate  Plastic  Above  +70°C  by  8.3mW/°C 

Small  Outline  Wide 

To+70°C   400mW 

Derate  Above  70°C  by ...   10mW/°C 

NOTE 

Digital  pins  are  Zener  protected.  However,  proper  ESD  handling  precautions  are 
recommended. 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +SV,  VREF  =  -10V,  Unipolar  Configuration.  RClk  =  43kH,  CCLK  =  100pF; 
-40°C  <  TA  <  +85°C  for  ADC-908E/F,  0°C  <  TA  <  +70°C  for  ADC-908G/H,  -55°C  <  TA  <  +125°C  for  ADC-908A/B,  unless 
otherwise  noted. 


ADC-908 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ACCURACY 

Resolution 

N 

8 

Bits 

Integral 

INL 

A/E/G  Grades 

-1/2 

+1/2 

LSB 

Nonllnearity 

B/F/H  Grades 

-3/4 

+3/4 

Differential 

DNL 

A/E/G  Grades 

-3/4 

+3/4 

LSB 

Nonllnearity 

B/F/H  Grades 

-7/8 

+7/8 

A/E/G  Grades  TA  =  +25°C 

-3 

+3 

Gain  Error 

TA  =  Full  Temp  Range 
B/F/H  Grades  TA  =  +2S°C 

-4-5 
-5 

+4.5 
+5 

LSB 

TA  =  Full  Temp  Range 

-6.5 

+6.5 

A/E/G  Grades  TA  =  +2S*C 

-30 

+30 

Offset  Error 

VZSE 

TA  =  Full  Temp  Range 
B/F/H  Grades  TA  =  +25°C 

-50 
-60 

+50 
+60 

mV 

TA  =  Full  Temp  Range 

-80 

+60 

ANALOG  INPUTS 

Resistance  Mismatch 
Bofs  lo  An 

-1 

+1 

% 

Input  Resistance 
at  Vrq:  (Note  1) 

"bef 

5 

15 

kn 

Input  Resistance 
at  Bofs,  A,N 

RBOF8 
RAtN 

10 

30 

kn 

Reference  Voltage 

Vref 

Specified  Conversion  Accuracy 

-10 

V 

Reference  Voltage  Range 

Vref 

Degraded  Conversion  Accuracy 

-5 

-IS 

V 

Reference  Current 
(Note  8) 

•bef 

Conversion  Complete  Prior  to  Reset. 

2.4 

mA 

Nominal  Analog 

Input  Range 

Unipolar  Mode 

V,nu 

0  to  +|VREF| 

Bipolar  Mode 

VINB 

-|VREF|  to  +|VHEF| 

V 
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ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V,  VREF  =  -10V,  Unipolar  Configuration,  RClk  =  43kn,  CClk  =  100pF; 
-40"C  <  TA  <  +85°C  (or  ADC-908E/F.  0°C  <  TA  <  +70"C  for  ADC-908G/H,  -55°C  <  TA  <  +125°C  for  ADC-908A/B,  unless 
otherwise  noted.  (Continued) 


ADC-908 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

LOGIC  INPUTS 

Input  HIGH  Voltage 

2.4 

V 

RD,  CS  Inputs 

VlH 

input  luw  vouage 

— 

— 

0.8 

V 

nu,  vo  inputs 

V,L 

Input  Current 
RD.  CS  Inputs 

'[N 

TA  =  +2S'C 

TA  =  Full  Temp  Range 

1 

10 

pA 

Input  Capacitance 
RD.  CS  Inputs  (Note  6) 

C|N 

5 

PF 

Input  HIGH  Voltage, 
Clock  Input 

V,H 

2.4 

V 

Input  LOW  Voltage. 
Clock  Input 

V,L 

0.6 

V 

Input  HIGH  Current. 
Clock  Input 

'|H 

2 

mA 

Input  LOW  Current, 

TA  =  +25°C 

1 

1* 

Clock  Input 

In. 

TA  =  Full  Temp  Range 

10 

LOGIC  OUTPUTS 

Output  HIGH  Voltage 
BUSY,  DB0-7 

V0M 

'source  = 

4.0 

V 

Output  LOW  Voltage 
BUSY,  DBO-7 

Vol 

•sink  =  16mA 

0.4 

V 

Floating  Leakage 

'lkq 

TA  =  +25°C 

1 

«A 

Current,  DBO-7 

TA  =  Full  Temp  Range 

10 

Floating  State 
Output  Capacitance 

coz 

(Note  6) 

7 

PF 

POWER  REQUIREMENTS 

Standby  Current 

'OD 

VD0  =  +4.75V  to  +5.25V 

2.5 

mA 

DIGITAL  INTERFACE  TIMING 

CS  Minimum 
Pulse  Width  (Note  6) 

•cs 

TA  =  +25'C 
TA  =  TM[N 
TA  =  T|4AX 

60 
50 
90 

ns 

RD  to  CS 

Setup  Time  (Note  6) 

'wscs 

0 

ns 

BUSY  Load  =  20pF 

TA  =  +25°C 

120 

CSto  BUSY 
Propagation 
Delay  (Note  6) 

•CBPO 

TA  =  TM1N 

BUSY  Load  =  100pF 
TA  =  +25-C 

ioo 

150 
150 

ns 

TA  =  TM1N 

120 

TA  =  TMAX 

200 

BUSY  to  RD 

0 

ns 

Setup  Time  (Notes  2,  6) 

'bsr 

BUSY  to  CS 

0 

ns 

Setup  Time  (Note  6) 

'bscs 
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ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V,  VREF  =  -10V,  Unipolar  Configuration,  RClk  =  43kO,  Cclk  =  100pF; 
-40°C  <  TA  <  +850C  lor  ADC-908E/F,  0°C  <  TA  <  +70°C  lor  ADC-908G/H,  -S5°C  <  TA  <  +125°C  for  ADC-908A/B,  unless 
otherwise  noted.  (Continued) 


..ADC-908 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  . 

TYP 

MAX 

UNITS 

CL  =  20pF 

TA  =  +25°C 

- 

140 

TA  =  Twn  , 

_  . 

100 

wain  ntbuQo   1  IIFItl 

'a  'max 

200 

(Note  6) 

Wd 

q.  =  100pF 

ns 

TA  =  +2S°C 

— ' 

— 

170 

TA  =  TMIN 

.  150 

TA  =  T\IAX 

- 

230 

Data  Hold  Time 
(Notes  3,  S) 

•hho 

TA  =  +25°C  (Note  3) 
Ta  =  tm:n 
T*  ~  tmax 

3Q 
20 
40 

—  • 

100 
70. 
140 

ns 



CS  to  HD  Hold 
Time  (Note  6) 

tflHCS 

TA  =  +25°C 
1*A  =  Tmin 

Ta  =  Tviax 



_ 



.  _ 
'_ 

200 
120 
250 

ns 

Reset  Time 

jA  -  +25°C 

■ 

450 

ns 

Requirement  (Note  6) 

•reset 

TA  =  Full  Temp.  Range 

'sob 

Conversion  Time 
(Note  4) 

•convert 

Static  RAM  Mode 
External  Clock 
f  =  1.35MHz 

6 

jis 

(Notes  4,  5,  6) 

ROM  Mode 
Internal  Clock 

7 

RD  HIGH  to  BUSY 

CL  =  20pF 

Propagation  Delay, 

TA  =  +25»C 

600 

ns 

ROM  Mode 

•wBPD 

TA  =  TUIN 

400 

(Notes  4,  S,  S) 

Ta  1 :  f»AX 

800 

NOTES: 

1.  For  optimum  gain  accuracy  over  the  full  temperature  range,  the  source 
resistance  at  pin  2  should  be  kept  low  

2.  In  ROM  mode,  RD  can  go  LOW  prior  to  BUSY  =  HIGH,  but  must  not  return 
HIGH  until  BUSY  =  HIGH. 

3.  Output  loading  10pF.  A  3kn  pullup  resistor  to  +5V  is  used  for  VOL  to  High-Z. 
for  V0H  to  Hlgh-Z,  a  3k n  pulldown  to  GND  Is  used.  Measured  to  0.5V 
output  change. 


4.  When  using  the  ADC-908  Internal  oscillator,  actual  conversion  time  depends 
on  clock  resistor  and  capacitor  as  well  as  temperature. 

5.  ROM  interface  mode  conversion  times  are  typically  1ps  longer  than 
conversion  times  for  other  modes,  but  the  ROM  interface  mode  includes  an 
automatic  reset  in  the  conversion  time. 

6.  Guaranteed  but  not  tested. 


BURN-IN  CIRCUIT 


VDD 

DGNO 

»RW 

cue 

°OH 

zs 

*W 

flD 

AONO  SUSY 

DB7 
08« 

dso 

DB1 

DBS 

OB2 

084 

DBS 
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DIE  SIZE  0.129  X  0.103  Inch,  13,287  sq.  mils  For  additional  DICE  ordering  Information,  reler 

(3.28  X  2.62  mm,  8.58  sq.  mm)  to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  VDD  =  + 

5V,  VREF  =  -10.000V,  AGND 

=  DGND  =  0V,  TA  =  +25°C,  unless  otherwise  noted. 

ADC-908 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

8 

Bits  MIN 

Integral  Nonlinearity 

INL 

±3/4 

LSB  MAX 

Differential  Nonlinearity 

DNL 

±7/8 

LSB  MAX 

Gain  Error 

GFSE 

±5 

LSB  MAX 

Offset  Error 

V2SE 

±60 

mV  MAX 

ANALOG  INPUTS 

Resistance  Mismatch 

Bofs  <°  AIN 

ARAB 

±1 

%  MAX 

Input  Resistance 
at  VBEF 

HREF 

5/15 

kfl  MIN/MAX 

Input  Resistance 
at  B0FS.  A,N 

Rbofs-  ^ in 

10/30 

kn  MIN/MAX 

DIGITAL  INPUTS 

Input  HIGH  Voltage 
at  RD,  CS  Inputs 

V,H 

2.4 

V  MIN 

Input  LOW  Voltage 
at  RD.  CS  Inputs 

V,L 

0.8 

V  MAX 

Input  Current 
RD.  CS  Inputs 

'in 

±1 

pA  MAX 

Input  HIGH  Voltage 
Clock  Input 

V,H 

2.4 

V  MIN 

Input  LOW  Voltage 
Clock  Input 

V.L 

0.8 

V  MAX 

Input  HIGH  Current 
Clock  Input 

l|H 

2 

mA  MAX 

Input  LOW  Current 
Clock  Input 

I.L 

1 

MA  MAX 
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WAFER  TEST  LIMITS  at  VDD  =  +5V,  VREF  =  -10.000V,  AGND  =  DGND  =  0V,  TA  =  +25°C,  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

ADC-908 

LIMIT 

UNITS 

DIGITAL  OUTPUTS 

Output  HIGH  Voltage 
BUSY.  DBO-7 

V0H 

'source  *  40fA 

4 

V  MIN 

Output  LOW  Voltage 
BUSY.  OBO-7 

Vol 

'sink  =  1.6mA 

0.4 

V  MAX 

Floating  Leakage  Current 

'lkg 

1 

«A 

POWER  REQUIREMENTS 

Standby  Current 

'dd 

VDD  =  +4.75V  to  5.25V 

2.5 

mA  MAX 

TIMING 

Conversion  Time 

'convert 

Static  RAM  Mode.  External  Clock,  f  =  1.35MHz 

6 

jis  MAX 

NOTE: 

Electrical  tests  are  performed  at  water  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed 
for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


LINEARITY  ERROR 
vs  CONVERSION  TIME 


TA  »  -2S°C 
V„It  -  -10V 


4         I  8         10         12  14 

CONVERSION  TIME  lui) 


OFFSET  ERROR 
vs  CONVERSION  TIME 
RAM  MODE 


t!5'C 
B  -10V 


4  )  II  11  II 

CONVERSION  TIME  0.1] 


CONVERSION  TIME  vs 
RCLKANDCCLK 


-  n 
1 


1  1 
t,  =  »»'e 
_      *-  -sv 

/ 

/ 

k. 

/ 

f 

1 

vr— 

/ 

y 

25      50      75     100     125     150     175     200  225 
Rcl«  (*<» 


> 

2 
O 
U 

PS 
3 
5 
6 

h 

6 
o 

< 


GAIN  ERROR 
vs  CONVERSION 
TIME 


\ 


6  8  10  12 

CONVERSION  TIME  («>) 


1  » 
| 

§ 

1  « 

E 


CONVERSION  TIME 
VS  TEMPERATURE 
WITH  INTERNAL  CLOCK 


** 

f 

ta*  - 

<_Cj- 

* 

'//, 

v,  '  ■/ 

_ 

_ 

■j  - 

- 

Itcu 

Ok 

M  ' 

u 

:Ci;r 

75  -25  21  7S 

TA— TEMPERATURE  ("C) 


CONVERSION  UNCERTAINTY 
AROUND  MAJOR  CARRY 


lOmV/DIV 
ANALOG  INPUT 
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GENERAL  CIRCUIT  INFORMATION 

The  ADC-908  is  an  8-bit  analog-to-digital  converter  which 
uses  a  successive  approximation  technique  to  convert  an 
unknown  analog  input  into  a  digital  code  output.  The  control 
logic  inputs  allow  easy  interface  to  most  microprocessors 
while  three-state  outputs  allow  direct  connection  to  the  data 
bus.  Most  applications  require  only  passive  RC  clock  com- 
ponents, a  —10V  reference,  and  a  +5V  power  supply.  The 
RC-timed  internal  clock  may  be  used,  or  an  external  clock 
may  be  applied  to  the  ADC  to  maximize  performance. 

When  a  Start  Conversion  command  is  applied  to  the  CS  or 
RD  inputs  (see  Operating  Descriptions  for  details),  BUSY 
goes  LOW  indicating  a  conversion  in  progress.  BUSY  may  be 
used  as  an  interrupt  to  halt  the  controlling  microprocessor 
during  conversion  or  may  be  polled  to  prevent  premature 
data  reads. 

Starting  with  the  most  significant  bit  (MSB),  each  successive 
bit  in  the  DAC  is  turned  on  (see  Figure  1).  The  comparator 
then  decides  if  the  DAC  output  is  less  than  or  greater  than  the 
signal  being  converted,  and  that  bit  is  latched  on  or  off, 
respectively,  before  proceeding  to  the  next  lower  bit  and 
repeating  the  cycle.  When  all  eight  bits  have  been  tested, 
BUSY  goes  HIGH,  signaling  a  completed  conversion. 

Under  control  of  the  RD  input,  the  three-state  data  outputs 
(D0-D7)  change  from  high-impedance  to  presenting  the  new 
conversion  results  to  the  data  bus.  Following  the  data  read, 
RD  returns  HIGH  resetting  the  SAR  to  1000  0000  and  prepar- 
ing the  ADC  for  its  next  conversion. 

PIN  FUNCTIONS 

NOTE:  For  greater  detail  on  digital  input  functions,  consult 
Truth  Tables  and  Timing  Diagrams. 

Pin  1.  VDD       Power  Supply  input,  +5V. 

Pin  2.  VREF      Voltage  Reference  input,  nominal  —10V. 

Pin  3.  B0FS  Bipolar  Offset  input.  +10V  input  for  bipolar 
mode  operation,  tie  to  VIN  for  unipolar  mode 
operation. 

Pin  4.  A,N  Analog  Input.  0V  to  +10V  in  unipolar  mode, 
-10V  to  +10V  in  bipolar  mode. 


Pin  14.  BUSY 


Pin  15.  RD 


Pin  16.  CS 


Pin  17.  CLK 


Conversion  status  output.  BUSY  indicates 
conversion  in  progress  by  going  LOW  at 
start  of  conversion  and  returning  HIGH  at 
end  of  conversion.  May  be  used  to  interrupt 
controlling  microprocessor  or  to  gate  con- 
trol inputs. 

READ  input.  Used  to  read  data  (on  falling 
edge)  and  to  reset  converter  (on  rising 
edge). 

Chip  Select  input.  Asserted  to  allow  ADC 
operation.  Starts  conversion  when  converter 
is  in  reset  condition.  Note:  Holding  CS 
HIGH  will  not  prevent  a  rising  edge  on  RD 
from  resetting  the  converter. 

External  clock  input/internal  clock  RC  tim- 
ing Input. 


APPLICATIONS  INFORMATION 

The  ADC-908  may  be  interfaced  as  if  it  were  a  static  RAM,  a 
ROM,  or  a  slow-memory  device.  Each  of  these  interface 
modes  has  its  own  timing  and  software  requirements  as 
described  below.  These  requirements  must  be  rigidly  met,  as 
improper  timing  may  cause  the  ADC-908  to  change  modes. 

HOW  TO  CHOOSE  AN  OPERATING  MODE 

The  static-RAM  interface  mode  offers  advantages  in  a  tightly 
controlled  hardware  and  software  environment,  where  the 
relationship  between  WRITE  and  READ  instruction  pairs  is 
certain.  As  long  as  minimum  timing  is  satisfied,  converted 
data  may  be  read  at  any  convenient  time  after  conversion. 
The  use  of  separate  commands  to  start  a  conversion,  and 
then  read  the  results,  is  conceptually  easy.  However,  if  the 
software  is  subject  to  uncontrolled  modifications,  then  the 
paired  relationship  between  WRITE  and  READ  instructions 
may  be  lost.  Resulting  software  bugs  may  result  in  converted 
data  of  unknown  age,  or  altogether  invalid  data  being  read. 

By  contrast,  the  ROM  mode  may  be  more  resistant  to  software 
bugs.  As  long  as  minimum  timing  is  satisfied,  each  READ 
instruction  obtains  new,  valid  data.  However,  since  the  data 


FIGURE  1:  D/A  Converter  Used  in  ADC-908 


SUMMINC 
JUNCTION 


COMPARATOR 


SUCCESSIVE  APPROXIMATION  REGISTER 


6 

ACND 
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output  at  any  previous  READ  instruction  is  obtained  from  a 
conversion  performed  just  after  the  previous  READ  instruc- 
tion, data  may  be  out-of-date.  To  be  sure  of  obtaining  up-to- 
date  data,  READ  instructions  may  be  coded  in  pairs  (with 
some  NOPs  between  them);  use  only  the  data  from  the 
second  READ  in  each  pair.  The  first  READ  starts  the  conver- 
sion, acting  as  a  substitute  for  the  static-RAM  mode  WRITE 
command;  the  second  READ  gets  the  results.  The  advantage 
of  the  ROM  mode  is  the  use  of  a  single  command,  rather  than 
the  alternating  READ-WRITE  required  by  static-RAM  mode. 

The  slow-memory  mode  is  the  simplest  mode  of  all.  It  is 
the  method  of  choice  where  compact  coding  is  essential, 
or  where  software  bugs  are  a  hazard.  In  this  mode,  a  single 
READ  instruction  will  initiate  a  data  conversion,  interrupt 
the  microprocessor  until  completion  (WAIT  states  are  intro- 
duced), then  read  the  results.  If  the  system  throughput 
tolerates  WAIT  states,  and  the  hardware  is  correct,  then  the 
slow-memory  mode  is  virtually  immune  to  subsequent 
software  modifications. 

OPERATING  DESCRIPTION:  STATIC-RAM  MODE 

In  this  mode,  input  CS  is  derived  from  the  ADC-908  address 
decoder,  and  input  RD  is  derived  from  an  active-LOW  memory 
READ  signal.  (See  Figure  2.) 

To  start  a  conversion,  execute  a  memory  WRITE  to  the 
ADC-908.  The  completed  conversion  data  is  obtained  by 
executing  a  memory  READ  to  the  ADC-908.  During  conver- 
sion, output  BUSY  will  be  LOW.  Do  not  attempt  to  read  data 
until  BUSY  returns  HIGH.  The  required  minimum  time 
between  WRITE  and  READ  is  usually  obtained  by  including 
one  or  more  NOP  or  other  program  Instructions.  The  use  of 
branch  or  conditional  commands  between  the  WRITE  and 
READ  instructions  is  not  recommended  due  to  the  possibility 
of  software  bugs. 

It  is  important  that  the  WRITE  and  READ  commands  be 
alternately  executed.  A  WRITE  instruction  has  no  effect  unless 
the  results  of  the  previous  WRITE  have  already  been  read. 
Once  data  has  been  read,  the  ADC-908  is  internally  reset.  In 
other  words,  two  or  more  READ  operations  cannot  be  used  in 


succession,  since  only  the  first  READ  will  produce  valid  data. 
A  new  conversion  must  be  started  using  WRITE,  and  the 
conversion  must  be  completed,  before  a  new  READ  will 
produce  valid  data. 

TABLE  1:  Truth  Table,  Static  RAM  Mode 


INPUTS 

OUTPUTS 

a  r\r*  ana  adcdati^m 
AUU-Suo  UrcKATIUlN 

CS 

RD 

BUSY 

DB7-DB0 

L 

H 

H 

HIGH-Z 

Start  Convert 
(Write  Cycle) 

L 

1 

H 

HIGH-Z  to 
DATA 

neao  L/aia  ^neau  i^yuioj 

L 

J 

H 

DATA  to 
HIGH-Z 

Reset  Converter 

H 

X 

(Note  1) 

X 

HIGH-Z 

No  Effect  (Not  Selected) 

L 

H 

L 

HIGH-Z 

No  Effect 
(Converter  Busy) 

L 

1 

L 

HIGH-Z 

No  Effect 
(Converter  Busy) 

L 

I 

(Note  1) 

L 

HIGH-Z 

Conversion  Error 
Not  Allowed 

NOTE  1:  If  RD  goes  LOW  to  HIGH,  the  ADC  Is  Internally  reset,  regardless  ol 
the  states  ol  CS  or  BUSY. 


OPERATING  DESCRIPTION:  ROM  MODE   

In  ROM  mode,  input  CS  is  tied  LOW,  and  Input  RD  Is  derived 
from  the  ADC-908  address  decoder.  To  satisfy  timing,  it  is 
recommended  that  the  decoder  be  enabled  by  a  system 
MEMRD  (8080),  VMA  (6800),  or  similar  strobe.  (See  Figure  3.) 

In  ROM  mode,  data  is  read  by  executing  a  READ  instruction 
to  the  ADC-908  address.  At  the  conclusion  of  the  READ 
instruction,  the  ADC-908  automatically  resets  itself  and  then 
proceeds  to  perform  a  new  data  conversion.  Output  BUSY  is 
LOW  during  conversion.  A  new  READ  Instruction  to  the 
ADC-908  must  not  be  executed  until  BUSY  returns  HIGH. 


to 
OS 


o 
u 

o 

Q 

i 

O 

o 
o 

3 


FIGURE  2:  Static  RAM  Mode  Timing  Diagram 
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NOTE:  lRA0  TIMING  MEASURED  AT  -2.4V  AND  -0.8V  POINTS 
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This  requirement  may  be  met  by  inserting  NOP  or  other 
program  instructions  between  consecutive  READ  operations. 
Conditional  or  branch  instructions  may  be  used,  but  keep  in 
mind  that  data  may  become  out-of-date  if  excessive  time 
elapses  between  consecutive  READ  instructions. 

TABLE  2:  Truth  Table,  ROM  Mode 


INPUTS 

OUTPUTS 

ADC-908  OPERATION 

CS 

RD 

BUSY 

DB7-DB0 

L 

\ 

H 

HIQH-Z  to 
DATA 

Read  Data 

L 

I 

\ 

DATA  to 
HIGH-Z 

Reset  and  Start 
New  Conversion 

L 

\ 

L 

HIGH-Z 

No  Effect 
(Converter  Busy) 

L 

I 
(Note  1) 

L 

HIGH-Z 

Conversion  Error 
Not  Allowed 

NOTE  1:  If  RD  goes  LOW  to  HIGH,  the  ADC  is  internally  reset,  regardless  of 
the  states  of  CS  or  BUSY. 

OPERATING  DESCRIPTION:  SLOW-MEMORY  MODE 

The  slow-memory  mode  is  intended  for  systems  in  which  the 
ADC-908  BUSY  output  is  used  as  an  interrupt  to  force  the 


microprocessor  into  WAIT  states  during  data  conversion. 

In  slow-memory  mode,  inputs  CS  and  RD  are  tied  together. 
The  common  RD  and  CS  signal  is  derived  from  the  ADC-908 
address  decoder.  To  satisfy  the  timing  requirements,  it  is 
advisable  to  latch  the  address  using  ALE  (8085)  or  SYNC 
(8080).  For  8080  or  8085-based  systems,  connect  the  micro- 
processor READY  input  to  the  ADC-908  BUSY  output.  (See 
Figure  4.) 

TABLE  3:  Truth  Table,  Slow-Memory  Mode 


INPUTS 

OUTPUTS 

ADC-908  OPERATION 

CS  &  RD 

BUSY 

DB7-DB0 

H 

H 

HIGH-Z 

No  Effect  (Not  Selected) 

\ 

1 

HIGH-Z 

Start  Conversion 

L 

L 

HIGH-Z 

Conversion  in  Progress. 
pP  in  WAIT  State 

L 

I 

HIGH-Z  to 
DATA 

Conversion  Complete. 
Read  Data 

J 

H 

DATA  to 
HIGH-Z 

Reset  and  Deselect 
Converter 

FIGURE  3:  ROM  Mode  Timing  Diagram  (CS  Held  LOW) 
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FIGURE  4:  Slow-Memory  Mode  Timing  Diagram  (CS  and  RD  Tied  Together) 
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Do  not  execute  a  WRITE  Instruction  at  the  ADC-908  address 
when  in  slow-memory  mode,  since  bus  conflicts  will  arise.  In 
some  architectures,  an  accidental  WRITE  instruction  may  be 
locked  out  in  hardware,  by  proper  strobing  of  the  ADC-908 
address  decoder. 

INITIALIZATION 

In  all  operating  modes,  the  ADC-908  is  initialized  by  executing 
a  READ  instruction  to  the  ADC-908  address.  The  data 
obtained  should  be  ignored. 

CLOCK  OSCILLATOR 

The  ADC-908  may  be  used  with  its  internal  asynchronous 
clock  oscillator.  An  external  resistor  and  capacitor  are 
required.  Typical  values  are  R  =  43kft  and  C  =  100pF,  for 
conversion  times  In  the  6^8  range.  For  applications  in  which 
the  fastest  conversion  times  are  required,  an  external  clock  is 
recommended.  The  external  clock  must  be  gated  by  the  use 
of  a  74125-type  three-state  buffer,  with  an  output  pullup 
resistor.  Optimum  conversion  accuracy  is  obtained  when  CS 
goes  LOW  on  a  positive  clock  edge.  The  maximum  external 
clock  frequency  Is  1.35MHz  (See  Figure  5  and  6.) 

REFERENCE  VOLTAGE 

A  negative  reference  voltage  must  be  applied  to  the  ADC-908 
VREF  input  Optimum  full-scale  accuracy  is  obtained  using 
-10.00V,  although  VREF  may  be  -5.00V,  -10.24V,  or  other 
voltages  within  Its  specified  range. 

Over  the  full  temperature  range,  optimum  gain  accuracy  is 
obtained  when  the  input  to  the  VREF  pin  is  from  a  low- 
impedance  source.  A  resistor  or  trimmer  may  be  used  in 
series  with  the  VREF  pin,  but  this  trim  technique  is  not  as 
accurate  as  a  low-impedance  source.  (See  Figure  7.) 


For  a  cost-effective  —10.00V  or  —10.24V  reference  with  excel- 
lent accuracy  and  low  temperature  coefficient,  ask  for  PMI's 
REF-08.  Consult  your  sales  representative  for  availability. 

FIGURE  5:  Using  the  Internal  Clock  Oscillator 
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FIGURE  6:  Using  an  External  Clock 
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FIGURE  7:  Unipolar  Operation 
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(STRAIGHT  BINARY  OUTPUT  CODE) 


OUTPUT 

CODE 
1111  1111 
1111  1110 
1111  1101 


0000  0011 
0OOO  0010 
0000  0001 
0000  0000 
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ANALOG  INPUT  VOLTAGE 

The  ADC-908  unipolar  operation  is  obtained  when  the  analog 
input  voltage  is  between  OV  and  |VREF|.  With  the  AIN  and  B0FS 
pins  tied  together,  input  OV  will  correspond  to  code  0000  0000, 
and  input  full-scale  will  correspond  to  code  1111  1111. 

Bipolar  operation  is  obtained  by  using  the  B0fs  input  to  offset 
the  AtN  input  voltage.  For  example,  with  VREF  =  -10V,  an  off- 
set voltage  of  +10V  may  be  applied  to  B0fs-  The  analog 
signal  range  will  then  be  -10V  to  +10V  at  A|N.  Code 
0000  0000  will  correspond  to  -10V,  and  positive  full  scale  will 
be  code  1111  1111.  Calibration  may  be  performed  using 
trimmers  in  series  with  AIN  and  B0fs-  (See  Figure  8). 

Another  method  of  obtaining  bipolar  operation  is  to  use  an 
op-amp  with  gain  =  -1/2,  to  sum  the  analog  signal  with  the 
reference  voltage.  With  a  -10V  reference  and  -10V  to  +10V 
analog  signal,  the  op  amp  output  will  then  be  0V  to  +10V.  This 
signal  is  then  treated  as  an  ordinary  unipolar  input  to  the 
ADC-908.  With  this  arrangement,  input  +10V  corresponds  to 
code  0000  0000,  and  negative  full-scale  corresponds  to 
code  1111  1111. 

UNIPOLAR  BINARY  OPERATION 

Figure  7  shows  the  analog  circuit  connections  for  unipolar 
operation.  The  REF-08  supplies  the  necessary  —10V  reference 
input. 

Calibration  for  offset  should  be  made  before  gain  calibration  is 
attempted. 

Offset  calibration  must  be  performed  in  the  signal  conditioning 
circuitry  which  drives  the  AIN  input. 

To  adjust  offset: 

1)  Apply  -39.1  mV  (1  LSB)  to  the  input  of  the  buffer  amplifier 
driving  A,N. 

2)  While  performing  continuous  conversions,  adjust  the  buffer 
amplifier's  offset  adjustment  potentiometer  until  DB7  to  DBT 
are  LOW  and  DB0  (LSB)  flickers. 

Following  offset  calibration,  fuil  scale  gain  can  be  calibrated: 
1)  Apply  —9.961V  to  the  input  of  the  buffer  amplifier. 


2)  While  performing  continuous  conversions,  adjust  the  ref- 
erence trim  pot  until  DB7  to  DB1  are  HIGH,  and  DB0  (LSB) 
flickers. 

BIPOLAR  OPERATION 

Offset  Binary— Figure  8  shows  a  circuit  for  offset  binary  bipolar 
operation.  Offset  correction  should  be  made  at  the  buffer 
amplifier  driving  AIN.  Gain  error  correction  should  be  ac- 
complished by  adjusting  VHEF. 

To  calibrate  this  circuit: 

1)  Adjust  R1  until  VHEf  =  -10.00V. 

2)  Adjust  R2  and  R3  to  their  mid-points. 

3)  Apply  +10.000V  to  the  input  buffer  amplifier. 

4)  While  performing  continuous  conversions,  adjust  R2  until 
DB7  to  DB1  are  LOW  and  DB0  (LSB)  flickers. 

5)  Ground  the  input  of  the  input  buffer  circuit. 

6)  -  While  performing  continuous  conversions,  adjust  R3  until 

the  ADC's  output  code  flickers  between  0111  1111  and 
1000  0000. 

7)  Apply  —10.000V  to  the  signal  input 

8)  While  performing  continuous  conversions,  adjust  R1  until 
DB7  to  DB1  are  LOW  and  the  DB0  (LSB)  flickers. 

9)  Apply  +9.922V  to  the  signal  input. 

10)  If  the  ADC  output  code  is  not  1 1 1 1 1 1 10  ±1  bit.  repeat  the 
calibration  procedure,  omitting  step  1.  ■ 

Complementary  Offset  Binary— Figure  9  shows  a  comple- 
mentary offset  binary  circuit.  In  this  bipolar  mode,  the  +10V  to 
-10V  analog  input  is  conditioned  to  a  0  to  +10V  signal  range  for 
normal  unipolar  conversion. 

In  calibrating  this  circuit,  adjust  offset  before  gain. 

Offset  Adjustment: 

1)  Adjust  R1  until  VREF  =  -10.000V. 

2)  Adjust  R3  to  its  mid-point. 

3)  Adjust  R2  until  its  tap  is  at  0V. 

4)  Ground  the  analog  input. 

5)  While  performing  continuous  conversions,  adjust  R2  until 
the  ADC  output  flickers  between  01 1 1 1 1 1 1  and  1000  0000. 


FIGURE  8:  Offset  Binary  Operation 


BIPOLAR  OPERATION  TRANSFER  CHARACTERISTIC 
OFFSET  BINARY  OUTPUT  CODE  (INPUT  RANGE  «  -10V  TO  *10V) 


ANALOG 
GROUND 


*O0  130  ZW  ICO  -BO     0     80  1S0  HO  330  400 
IKPUT  VOLTAGE  (itN] 

APPROXIMATE  BIT  WEIGHTS  ARE  SHOWN  FOR  ILLUSTRATION. 
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Gain  Adjustment: 

1)  Apply  +9.922V  across  the  analog  Input. 

2)  While  performing  continuous  conversions,  adjust  R3  until 
DB7  to  DB1  are  HIGH  and  DBO  (LSB)  flickers. 

DIGITAL  CONSIDERATIONS 

Control  Timing— Fresh  data  from  a  recent  conversion  must  be 
read  before  beginning  a  new  conversion.  Following  the  data 
READ,  as  RD  goes  HIGH,  it  resets  the  SAR  and  clears  the  data 
from  the  previous  conversion.. 

The  timing  restrictions  detailed  in  the  interface  timing  diagrams 
must  be  observed  to  prevent  the  ADC-908  from  changing  inter- 
face modes.  For  example,  if  CS  is  held  LOW  too  long  while  in 
RAM  mode,  the  converter  will  change  to  ROM  mode  and  initiate 
a  new  conversion. 

Logic  Deglitching— Unrelated  activity  on  the  address  bus  may 
cause  unexpected  glitch  inputs  to  the  ADC.  The  glitches  may 
cause  unwanted  READs,  resets,  or  conversions.  In  ROM  or 
RAM  modes,  these  may  be  avoided  by  gating  the  address 
decode  logic  with  RD  or  WR  (8080)  or  VMA  (6800).  In  slow- 
memory  mode,  ALE  (8085)  or  SYNC  (8080)  may  be  used  to 
latch  the  address. 

Initialization— Following  power-up,  the  SAR  is  in  an  unknown 
state.  Executing  a  memory  READ  (disregard  the  data)  will  reset 
the  ADC. 

ANALOG  CONSIDERATIONS 

Analog  Input  Impedances— Low  impedance  sources  must  be 
used  to  drive  the  VREF,  AIN,  and  B0fs  inputs.  Excessive  source 

FIGURE  9:  Complementary  Offset  Bipolar  Operation 


impedances  may  cause  errors  due  to  the  loading  effects  of  the 
inputs'  finite  impedances. 

Ground  Management— AGND  and  DGND  pins  should  be 
connected  at  or  near  the  ADC  to  minimize  noise  effects.  If  the 
two  grounds  cannot  be  connected  near  the  ADC,  the  grounds 
should  be  clamped  with  back-to-back  Schottky  diodes  between 
the  AGND  and  DGND  pins. 

Offset  Correction— Conversion  offset  errors  may  be  corrected 
by  counter-offsetting  the  buffer  amplifier  driving  A|N.  This 
offset  correction  may  be  accomplished  by  applying  a  correction 
current  to  the  buffer's  summing  junction  or  by  tapping  a  voltage 
divider  sitting  between  VDD  and  VREF,  and  applying  this  tap 
voltage  to  the  noninverting  input  of  the  buffer. 

Ratiometric  Operation— The  R-2R  type  DAC  in  the  ADC-908 
permits  ratiometric  operation  of  the  ADC.  Performance  de- 
gradation may,  however,  occur  as  VREF  varies  from  —10.000V. 
This  decrease  in  performance  is  due  to  comparator  limitations 
including  offset-voltage,  gain,  and  input  noise. 

The  ADC-908  uses  the  reference  as  a  power  supply  for  the 
comparator  to  increase  speed  and  accuracy.  Reference  voltages 
of  a  magnitude  less  than  — 9V  must  be  avoided  for  accurate 
comparator  operation.  For  best  accuracy,  the  use  of  a  0.1 /jF 
bypass  capacitor  from  VREF(Pin  2  to  AGND)  is  recommended. 

Power  Supply  Bypassing— For  best  accuracy,  V00  (Pin  1) 
should  be  bypassed  to  AGND  with  a  0.1  /kF  capacitor. 
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BIPOLAR  OPERATION  TRANSFER  CHARACTERISTIC 
COMPLEMENTARY  OFFSET  BINARY  OUTPUT  CODE: 
{INPUT  RANGE  -  -10V  TO  +t0V) 


-400-330-240-160 -B0    0     80  ttO  240  320  400 
INPUT  VOLTAGE  <mV) 

APPROXIMATE  BIT  WEIGHTS  ARE  SHOWN  FOR  ILLUSTRATION. 
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ADC-910 

MICROPROCESSOR- COMPATIBLE  10-BIT  HIGH-SPEED 

A/D  CONVERTER 


hi  Mono! ith ics  Inc. 


FEATURES 

•  Includes  Clock,  Reference,  3-State  Buttered  Outputs 

•  Fast  Conversion  Time   6^8 

•  Four  Input  Ranges..  +/-2.5V,+/-5.0V,+5.0Vand  +  10.0V 

•  1/2LSBINL 

•  No  Missing  Codes  Over  Temperature 

•  Low  ESD  Sensitivity  Due  to  Rugged  Bipolar  Processing 

•  Software  Programmable  Unipolar/Bipolar 

•  Easily  Interfaced  to  8  and  16-Bit  /iP  Bus 

ORDERING  INFORMATION! 


PMI  MODEL  NO. 


TEMPERATURE  RANGE 


ADC9I0AT* 

-55°C/+125'C 

ADC9108T- 

ADC910ET 

AOC9I0FT 

-25°C/+85'C 

ADC910GT 
ADC910HT 

0°C/+70«C 

'  For  devices  processed  in  tolal  compliance  to  MIL-STD-883.  add  /8S3  after 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book.  Section  2. 


GENERAL  DESCRIPTION 

The  ADC-910  is  a  10-bit  A/D  converter  designed  specifically 
for  interfacing  with  microprocessors.  3-state  data  outputs 
allow  direct  connection  to  an  8-bit  data  bus  in  an  MSB  byte  of 


8  bits  and  an  LSB  byte  of  2  bits.  A  command  register  with 
read/write  inputs  and  3  Chip  Select  inputs  to  control  the  10 
data  lines  is  included.  Interrupt  enable,  start  conversion  and 
bipolar/unipolar  mode  selection  are  controlled  by  the  data 
bus.  The  use  of  high-speed  Linear  Differential  Logic  results 
in  fast  (6/as)  conversion  time  and  low  power  dissipation. 

PIN  CONNECTIONS 
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ABSOLUTE  MAXIMUM  RATINGS 


Operating  Temperature  Range 

ADC-910AT/BT   -55°C  to  +125°C 

ADC-910ET/FT   -25°C  to  +85°C 

ADC-910GT/HT    0°Cto+70oC 

Maximum  Junction  Temperature  (Tj)    175"C 

Storage  Temperature  Range   -65°C  to  +150°C 

Power  Dissipation    1000mW 

Derate  Above  100°C    13.3mW/°C 

Lead  Temperature  (Soldering,  60  sec)   300°C 


Supply  Voltage  |V+)   6V 

Supply  Voltage  (V-)   6V 

V+  to  V-   12V 

Logic  Inputs   +6V,  -0.3V 

Logic  Outputs  (in  3-state)   +6V, -0.3V 

VINA  15V 

Vinb   7-5V 

Reference  Inputs   3.0V 

Digital  Ground  to  Analog  Ground  Voltage   0.5V 


ELECTRICAL  CHARACTERISTICS  at  V+  =  5V,  V-  = 

ADC-910AT/BT,  unless  otherwise  noted. 


5V,  VHEF  =  2.5V,  »clk  =  0.5MHz;  TA  =  -55°C  to  +125°C  apply  lor 


PARAMETER 

SYMBOL 

CONDITIONS 

ADC-910AT 
MIN      TYP  MAX 

ADC-910BT 
MIN      TYP  MAX 

UNITS 

Integral  Nonlinearity 
(Note  3) 

INL 

TA=25'C 

TA  =  Full  Temp.  Range 

1/2 
3/4 

1 
1 

LSB 

Gain  Drift 
(Note  1} 

TCGFS 

External  Reference 
Internal  Reference 

25 
40 

30 
SO 

ppm  FS/"C 

Reference  Line  Regulation 

4.7SV  <  V+  <  5.25V 

500 

600 

pV/V 

Positive  Supply  Current 

l+ 

30 

40 

30 

40 

mA 

Negative  Supply  Current 

I- 

50 

60 

SO 

60 

mA 

ELECTRICAL  CHARACTERISTICS  at  V+  =  5V,  V-  =  -5V.  VBEF  = 
ADC-910ET/FT,  unless  otherwise  noted. 

2  5V.  »CLK 

=  0.5MHz;  TA  =  - 

■25°C  to  +85°C  apply  for 

PARAMETER 

SYMBOL 

CONDITIONS 

ADC-910ET 
MIN      TYP  MAX 

ADC-910FT 

MIN      TYP  MAX 

UNITS 

Integral  Nonlinearity 
(Note  3) 

INL 

TA  =  2S«C 

TA  =  Full  Temp.  Range 

1/2 
1/2 

1 

1 

LSB 

Gain  Drift 
(Note  1) 

TCGFS 

External  Reference 
Internal  Reference 

20 
35 

25 
45 

ppm  FS/"C 

Reference  Line  Regulation 

4.75V  <  V+  <  5.25V 

500 

600 

,iV/V 

Positive  Supply  Current 

l+ 

30 

40 

30 

40 

mA 

Negative  Supply  Current 

I- 

50 

60 

50 

60 

mA 

CO 


o 

i 

o 

Q 

6 

f7 

U 
O 

i 

< 


ELECTRICAL  CHARACTERISTICS  at  V+  =  5V.  V-  =  -5V,  VREF  =  2.5V.  fCLK  =  0.5MHz;  TA  =  0°C  to  +70°C  apply  for 
ADC-910GT/HT,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

ADC-910GT 

MIN      TYP  MAX 

ADC-910HT 

MIN      TYP  MAX 

UNITS 

Integral  Nonlinearity 
(Note  3) 

INL 

TA  =  25'C 

TA  =  Full  Temp.  Range 

1/2 
3/4 

—  1 

—  1 

LSB 

Gain  Drift 
(Notel) 

TCGFS 

External  Reference 
Internal  Reference 

10 
25 

10  — 
25  - 

ppm  FS/*C 

Reference  Line  Regulation 

4.75V  <  V+  <  5.25V 

300 

300  - 

liMIM 

Positive  Supply  Current 

l+ 

30 

30 

mA 

Negative  Supply  Current 

1- 

50 

50  - 

mA 
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ELECTRICAL  CHARACTERISTICS  at  V+  =  5V,  V-  =  -5V,  VREF  =  2.5V.  (CLK  =  0.5MHz;  TA  =  25°C,  unless  otherwise  noted. 


ADC-910AT/ET/GT 

ADC-910BT/FT/HT 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Resolution  . 

N 

TA  =  Full  Temp.  Range 

10 

- 

— 

10 

— 

- 

Bits 

Resolution  for  which 
No  Missing  Codes  Guaranteed 

TA  =  Full  Temp.  Range  (Notes  2, 3) 

10 

- 

— 

10 

— 

- 

Bits 

Gain  Error 

Qfse 

VnEF  =  2.500V  (Notes  2, 3) 

_ 

_ 

4 



_ 

6 

LSB 

Unipolar  Mode 
Offset  Error 

VZS6 

TA  —  Full  Temp.  Range 

1/2 

1 

LSB 

Bipolar  Mode 
Offset  Error 

V0SE 

- 

- 

1 

- 

- 

1.5 

LSB 

Bipolar  Mode  Zero- 
Scale  Offset  Drift 

TCVzs 

TA  =  Full  Temp.  Range  (Note  1) 

1 

1.5 

LSB 

Analog  Input  Impedance 

RtN  A 

Pin  20 

3.5 

5. 

8 

3.5 

5 

8 

kO 

Analog  Input  Impedance 

R|N  B 

Pin  19 

1.75 

2.5 

4 

1.75 

2.5 

4 

kn 

Reference  Input  Resistance 

RREF 

Pin  22 

1.75 

2.5 

3.5 

1.75 

2.5 

3.5 

kn 

Reference  Voltage  Output 

VrefOUT 

Pin  17.  Unt rimmed 

2.45 

2.50 

2.55 

2.45 

2.50 

2.55 

V 

Reference  Voltage 
Trim  Range 

RT  =  10kn 

±40 

- 

- 

±40 

- 

- 

mV 

Reference  Output 

1mA  <  I  <  5mA. 

1.5 

1.5 

mV/mA 

Load  Regulation 

TA  =  Full  Temp.  Range 

Positive  Power 
Supply  Sensitivity 

+Pss 

4.75V  to  5.25V 

1/2 

1/2 

LSB 

Negative  Power 
Supply  Sensitivity 

~pss 

-4.75V  to  -5.25V 

- 

- 

1/2 

- 

- 

1/2 

LSB 

Conversion  Time 

TC 

tCtK=  1MHz  (Note  4) 

6 

6 

|1S 

Conversion  Time 

Tc 

'CLK  =  0-5MH2  (Note  5) 

— 

— 

12 

12 

_ 

»s 

Digital  Input  High 

V(NH 

TA  =  Full  Temp.  Range 

2.0 

- 

- 

2.0 

- 

- 

V 

Digital  Input  Low 

V[NL 

TA  =  Full  Temp.  Range 

- 

- 

0.6 

- 

- 

0.8 

V 

Digital  Input  Current 

'iNH 

TA=  Full  Temp.  Range 

— 

0.4 

1 

— 

0.4 

1 

(•A 

Digital  Input  Current 

'iNL 

TA  =  Futl  Temp.  Range 

10 

20 

10 

20 

MA 

Digital  Output  High 

VOH 

l0H  =  -400>A. 

TA  =  Futl  Temp.  Range 

2.4 

3.7 

2.4 

3.7 

V 

Digital  Output  Low 

Vol 

•ol  =  16mA. 

TA  =  Full  Temp.  Range 

0.1 

0.4 

0.1 

0.4 

V 

Digital  Output  Current 

'oh 

VOH  =  2.4V 

-400 

-400 

pA 

Digital  Output  Current 

l0L 

VOL  =  0.4V 

1.6 

1.6 

mA 

Three-State 
Output  Leakage 

loz 

TA=  Full  Temp.  Range 

5 

10 

5 

10 

»A 

NOTES: 

1.  Change  in  25* C  value  from  25* C  to  Twin  or  Tmox- 

2.  Tested  in  the  5V  unipolar  mode  at  6*ts  conversion  time. 

3.  Tested  in  the  ±5V  bipolar  mode  at  12*>s  conversion  time. 

4.  Applies  to  5V  input  unipolar  operation;  see  Figure  1  for  connections. 

5.  Applies  to  10V  input  unipolar  operation,  and  ±5V/±10V  input  bipolar 
operation:  see  Figure  1  for  connections. 
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WAFER  TEST  LIMITS  at  V+  =  5V,  V-  =  -5V,  VREf  =  2.5V,  and  TA  =  25°C. 


PARAMETER 

SYMBOL 

CONDITIONS 

ADC-910G 
LIMIT 

UNITS 

Integral  Nonfinearity 

INL 

1 

LSB  MAX 

Differential  Nonlinearity 

DNL 

1 

LSB  MAX 

Gain  Error 

GFSE 

VHEF=.  2.500V 

6 

LSB  MAX 

Unipolar  Mode 
Offset  Error 

VZSE 

1 

LSB  MAX 

Analog  Input 
Impedance 

RIN  A 

Pin  20 

3.5/8 

ktl  MIN/MAX 

Reference  Input 
Resistance 

RBEF 

Pin  22 

1.75/4 

k(l  MIN/MAX 

Reference  Voltage 
Output 

VBEFOUT 

Pin  17.  Untrimmed 

2.45/2.55 

i  V  MIN/MAX 

Positive  Power  Supply 
Sensitivity 

+Pss 

4.SV  to  5.SV 

1/2 

LSB  MAX 

Negative  Power  Supply 
Sensitivity 

-Pss 

-4.SVtO-5.5V 

1/2 

LSB  MAX 

Digital  Input 
High 

V,NH 

2.0 

V  MIN 

Digital  Input 
Low 

V[NL 

0.8 

VMAX 

Digital  Input 
Current 

'|NH 
'|NL 

20 

fiA  MAX 

Digital  Output 
High 

V0H 

Iqh  =  -400<iA 

2.4 

VMIN 

Digital  Output 
Low 

Vol 

l0L=  1.6mA 

0.4 

VMAX 

ninlfal  limit 

uignai  uuipui 
Current 

'oh  ' 

"OL 

voh 

Vol  =  0.4V 

-400 
1.6 

pA  MIN 

RlA  MAX 

Three-State 
Output  Leakage 

'oz 

10 

pA  MAX 

Positive  Supply 
Current 

1+ 

40 

mA  MAX 

Negative  Supply 
Current 

1- 

60 

mA  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  Is  not 
guaranteed  lor  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  V+  =  5V,  V-  =  -5V,  VREF  =  2.5V,  and  TA  =  25°C. 


ADC-910G 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

UNITS 

Conversion  Time 

Tc 

f  CLK  =  1  MHz.  5V  Unipolar  Mode 
'clk  -  0.5MHz  ±5V  Bipolar  Mode 

6 
12 

12-24 


7/87,  Rev.  B1 


ADC-910  MICROPROCESSOR-COMPATIBLE  10-BIT  HIGH-SPEED  A/O  CONVERTER 


BURN-IN  CIRCUIT 


1  1 


R12 


-ev 


Ri2.ni3>ton 

C1-2200pf 
C2.  C3  ■  0.1|tF 
W.CS-IOfcif 


APPLICATIONS  INFORMATION 

CIRCUIT  OPERATION  (Refer  to  the  Simplified  Schematic) 
The  ADC-910  uses  a  successive  approximation  type  A/O 
conversion  routine.  When  a  start  command  is  received  by  the 
command  register,  the  SAR,  DAC  and  comparator  begin  a 
bit-by-bit  trial  against  the  analog  input  voltage.  When  all  ten 
bits  have  been  tried,  the  ten  data  outputs  of  the  SAR  will 
contain  a  10-bit  digital  representation  of  the  analog  input 
voltage. 

When  the  conversion  is  complete,  a  read  command  and  a 
chip  selection  will  output  the  data  through  the  3-state  output 
buffers.  Selecting  CS1  will  output  the  eight  MSBs  (the  high 
byte)  and  selecting  CS2  will  output  the  two  LSBs  (the  low 
byte).  Selecting  both  CS1  and  the  CS2  will  cause  all  ten  data 
bits  to  be  output  through  the  3-state  output  buffers. 

When  the  conversion  is  complete,  the  SAR  sends  an  end  of 
conversion  (EOC)  signal  to  the  command  register,  which 


turns  on  the  interrupt  output  open-collector  NPN  transistor 
(INT),  providing  the  interrupt  disable  bit  (INE)  is  set  to  "0". 
The  EOC  signal  is  also  multiplexed  into  the  input  of  the 
3-state  buffer  for  bit  9  (B9).  Also,  at  this  time,  the  overrange 
signal  appears  at  the  SAR  output  and  is  multiplexed  into  the 
input  of  the  3-state  buffer  for  bit  8  (B8).  These  two  bits  of 
information  comprise  the  status  register,  which  is  multi- 
plexed to  the  data  bus  with  a  read  command  and  a  selection 
of  CS3. 

Unipolar/bipolar  mode  selection  and  the  enabling/disabling 
of  the  interrupt  output  Is  done  when  the  start  of  conversion 
command  is  entered.  In  the  unipolar  mode,  the  lMSB  current 
source  is  turned  off.  For  bipolar  mode  operation,  the  Imsb 
current  source  is  applied  to  the  summing  mode  of  the 
comparator.  This  provides  the  proper  offset  of  Imsb  to  do  a 
bipolar  conversion. 

BASIC  CONNECTIONS  (Refer  to  Figure  1 ) 
Power  Supply  Connections:  The  ADC-910  is  operated  on  ±5 
voltpowersupplies. +5voltsisappliedtopin15and-5voltsls 
applied  to  pin  23.  These  lines  should  be  bypassed  near  the 
device  with  a  0.1pF  capacitor  in  parallel  with  a  large  value 
capacitor  such  as  10pF. 

Analog  and  Digital  Ground:  Separate  analog  and  digital 
grounds  are  provided  to  maintain  optimum  noise  rejection. 
Care  should  be  maintained  to  insure  that  digital  switching 
noise  is  not  introduced  into  the  analog  ground  line.  This  can 
be  accomplished  by  making  the  final  ground  point  as  close 
(physically  and  electrically )  as  possible  to  the  analog  ground 
pin  of  the  ADC-910. 

Analog  Inputs:  There  are  two  analog  voltage  inputs  to  the 
ADC-910.  V|NA(pin20)  accepts  input  signals  between  0  volts 
and  +10  volts  in  the  unipolar  mode  and  between  -S  volts  and 
+5  volts  in  the  bipolar  mode.  V!N  B  (pin  19)  accepts  input 
signal  levels  between  0  volts  and  +5  volts  in  the  unipolar 
mode  and  between  -2.5  volts  and  +2.5  volts  in  the  bipolar 
mode.  The  input  resistance  is  nominally  5kflforV|NAand  2.5kft 
f  or  V|N  q.  The  comparator  offset  pin  (pin  18)  is  left  open  when 
using  Vina,  and  Is  tied  to  analog  ground  when  using  V|N  B. 


O 
u 


o 

Q 
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o 
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FIGURE  1:  Basic  Connections 


14 

B9 

13 

B3 

12 

07 

n 

BO 

to 

B5 

9 

B4 

8 

S3 

7 

32 

a 

Bl 

5 

SO 

TO  MICROPROCESSOR 

nra 


TO  MICROPROCESSOR 
Wfl  OUTPUT 


V» 

V.N  A 

COMP 
OFFSET 
VflEfOUT 

VREF'N 

VREF*W 


CLKIN 
CCLK 


ADDRESS  BUS 


ADDRESS 
DECODER 


:caVPASS 


-O  VtN  110V  RANGE) 


-O  VIN  15V  RANGE) 

S  SWITCH  OPEN  FOR 

0-1  0-10V  INPUT  RANGE. 

I  SWITCH  CLOSED  FOR 

^  0— 6V  INPUT  RANGE. 


1 


BOOpF 
-0-6V 


•  FOR  INTERNAL  CLOCK. 
FOR  EXTERNAL  CLOCK. 
CONNECT  PIN  25  TO  V-. 


-r  cbvpass 
V 


FIGURE  2:  Start  Conversion  and  Operating  Mode  Selection 
(Write  Mode  TOR"  =  "Low",  CS3  =  "Low") 

MSB  LSB 

B9    BB     B7      B6      B5         84  B3  B2  Bl  BO 


Interrupt \  /  Unipolar/ \  /Start 
Disable/  )  I  Bipolar  )  I  Bit 
Enable  /  \  Select  /  V 


X 

X 

X 

X 

X 

0 

0 

1 

X 

X 

Start  Conversion, 
Bipolar  Mode, 
Interrupt  Enabled. 

X 

X 

X 

X 

X 

1 

1 

1 

X 

X 

Start  Conversion, 
Unipolar  Mode, 
Interrupt  Disabled. 

X  =  "Don't  Care" 


FIGURE  3:  Reading  Data  and  Status 
(Read  Mode  RD  =  "Low") 
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B9 

BB 

B7 

B6 

BS 

B4 

B3 

B2 

Bl 

LSB 
BO 

B9 
Data 

B8 
Data 

B7 
Data 

B6 
Data 

B5 

Data 

B4 
Data 

B3 
Data 

B2 
Data 

3- 

Stale 

3- 
State 

CS1  =  "Low- 
Read  High  Byle 

1 

-  High  Byte  

3- 

State 

3- 
Stale 

3- 
State 

3- 
State 

3- 
State 

3- 
State 

3- 
State 

3- 
State 

Bl 

Data 

80 
Data 

CS2  =  "Low" 
Read  Low  Byte 

L- Low  Byte— 1 

Busy 
Bit 

Overrange 
Bit 

X 

X 

X 

X 

X 

X 

3- 
State 

3- 
State 

CS3  =  "Low- 
Read  Status 
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FIGURE  4:  ADC-910  Timing  Diagrams 


(a)  Write  Cycle 


SAR  RESET 

/  MSB  DATA  I 
LATCHED  , 


w  -  200m  MIN 

la  -  250n>  MAX  IIGOro  TVP1 

Ufo  -  100ns  MIN 

1S„  -  0m  MAX 

15^  -  100ns  MIN 


(b)  Read  Cycle 


tR,  —  260m  MAX 
<3A  -  200nt  MAX 
ta2  ~  »•*»  MIN 
tjjf  -  tOOnt  MAX 


"Vdatavalp^(  ESTATE 


(c)  Sland-Alone 


1ST 


4f 


twi— H 


I— \-<CM 


!  ! 


1  w  '  1 

U-T00m-J  I 
I   MIN  II 


t«»  -  100m  MIN 

t^L  -  50rt>  MIN 

tl,  -  300RI  MAX  <50nt  TVP) 

<£,  -  250m  MAX  <150nt  TVP) 


Voltage  Reference:  The  voltage  reference  for  the  ADC-910  is 
nominally  +2.5  volts.  To  use  this  internal  reference,  the 
reference  output  pin  (pin  17)  should  be  tied  to  the  reference 
input  pin  (pin  22).  Adjustment  of  the  reference  voltage  may  be 
done  by  applying  a  10kn  trimmer  between  the  reference 


output  and  analog  ground  with  the  center  tap  wiper  tied  to  the 
reference  adjust  pin  (pin  16). 

To  use  an  external  reference  with  the  ADC-910,  simply  apply 
it  to  the  VREF  input  pin  (pin  22).  This  voltage  should  be 
bypassed  to  analog  ground  with  a  0.01  /iF  capacitor. 
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Clock:  For  internal  clock  operation,  the  external  capacitor 
(Cclk)  sets  the  conversion  rate.  The  conversion  rate  graph 
provides  the  relationship  of  Cclk  and  temperature  to  con- 
version rate.  The  CcLKcapacitoris  connected  between  Cclk 
(pin  25)  and  the  V-  supply  (pin  23),  see  Figure  1.  The  clock 
input  (pin  26)  is  connected  to  the  V+  supply  (pin  15).  Internal 
clock  operation  exhibits  a  conversion  time  variation  from 
device  to  device  for  a  given  Cclk,  due  to  capacitor  and 
internal  resistor  tolerances  of  the  basic  R-C  oscillator.  For 
operation  at  the  upper  frequencies  of  0.5  and  1MHz,  an 
external  clock  input  is  recommended. 

For  external  clock  operation,  no  clock  capacitor  is  required. 
The  Cclk  pin  (pin  25)  should  be  tied  to  the  -5  volt  supply  and 
the  external  clock  is  applied  to  the  clock  input  (pin  26). 
1.0MHz  clock  maximum  may  be  used.  This  will  result  In  a  6/us 
conversion  time.  Slower  clock  rates  will  result  in  slower 
conversion  speeds. 

1 


Conversion  time «6x 


'clk 


Conversion  time  (Tc)  also  depends  on  user  supplied  timing 
relationship  between  positive  WR  edge  and  negative  clock 
edge  used  to  reset  the  SAR.  See  Figure  4(a)  twc  parameter. 


_  30 

3 

5  25 
I  20 

1 

i 15 

8 


cEXT-aoe*F 


-7S    -BO    -25      0      25     SO      75     100  125 
TEMPERATURE  <*C) 


CHIP  SELECT,  READ  AND  WRITE  INPUTS 

(Refer  to  Figure  2) 

Start  Commands:  To  start  a  conversion  the  WR  input  (pin  2) 
must  be  held  "low"  while  CS3  (pin  3)  is  held  "low"  and  a  logic 
"high"  is  applied  to  bit  2  (pin  7).  Another  way  to  start  a 
conversion  is  to  hold  CS1  (pin  28)  and  WR  (pin  2)  "low"  for  a 
complete  clock  cycle. 

Operati  ng  mode  selection  is  done  when  the  start  command  is 
applied.  As  with  the  start  command,  WR  and  CS3  are  held 
"low".  A  logic  "high"  applied  to  bit  4  (pin  9)  disables  the 
interrupt  and  a  logic  "low"  enables  the  interrupt.  A  logic 
"high"  applied  to  bit  3  (pin  8)  selects  unipolar  mode  and  a 
logic  "low"  selects  bipolar-mode  operation. 

READING  DATA  AND  CONVERSION  STATUS 

(Refer  to  Figure  3) 

Data  can  be  read  in  two  ways:  a  single  10-bit  word  or  in  a  8-bit 
"high  byte"  with  a  2-bit  "low  byte".  When  interfacing  to  a 


16-bit  bus,  single  10-bit  word  reading  is  possible.  When  using 
an  8-bit  data  bus,  the  "high  byte"  and  "low  byte"  can  be 
multiplexed  onto  a  single  8-bit  bus  as  indicated  in  Figure  5. 

To  read  all  10  bits  at  once,  the  RD  ( pin  1 ),  CS1  (pin  28)  and  CS2 
( pi  n  27)  are  all  held  "low".  This  turns  on  3-state  output  buffers 
and  all  data  bits  can  be  read. 

To  read  the  8-bit  "high  byte",  the  RD  (pin  1 )  and  CS1  (pin  28) 
lints  are  held  "low". 

To  read  the  2-bit  "low  byte",  the  RD  and  CS2  lines  are  held 
"low". 

Included  on  the  ADC-910  is  a  2-bit  status  register  which  is 
multiplexed  onto  the  data  bus  on  lines  B9  and  B8. 

To  read  the  status  register,  RD  ( pin  1 )  and  CS3  are  held  "low". 
End  of  conversion  (EOC)  is  indicated  by  a  "low"  bit  9  (pin  14) 
and  overrange  (OR)  is  indicated  by  a  "high"  in  bit  8  (pin  13). 

FIGURE  5:  Calibration  Circuit 


20 

ADC-910 

Vhef  out 
Vref 

17 

22 

VREF  ADJUST 

16 

ANALOG 

21 

GROUND 

CALIBRATION  (Refer  to  Figure  5) 

Unipolar  Mode:  To  adjust  out  gain  error,  a  trimmer  may  be 
inserted  in  series  with  the  analog  input  voltage  input.  Assum- 
ing a  2.500  volt  reference  is  applied  at  the  reference  input, 
gain  error  trimming  is  accomplished  by  adjusting  the  input 
trimmer  so  that  the  final  digital  output  code  transition  occurs 
for  an  input  voltage  of  VA  =  9.985  volts  (this  is  the  transition 
from1111 111110to1111 1111 11).  When  using  the  internal  ref- 
erence or  an  adjustable  external  reference,  gain  error  trim- 
ming may  be  accomplished  by  adjusting  the  reference 
voltage  until  the  final  digital  output  code  transition  occurs  at 
VA  =  9.985  volts. 

Bipolar  Mode:  To  trim  out  offset  error,  set  series  trimmer  (if 
used)  to  00  and  tie  Vin  Atoanal°9  ground.  Adjust  VREP  to  just 
beyond  the  major  carry  transition  (that  point  where  the  dig- 
ital output  code  changes  from  0111  1111  11  to  1000  0000  00). 

To  trim  out  gain  error,  tie  Vm  A  to  voltage  source.  Adjust  the 
series  trimmer  so  that  the  final  digital  output  code  transition 
(from  1111 1111 10  to  1111 1111 11)  occurs  at  an  input  voltage  of 
+ 4.9902V. 
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DRIVING  THE  ANALOG  INPUT 

To  insure  10-bit  accuracy  the  input  to  the  ADC-910  must  be 
driven  by  a  source  which  has  an  output  impedance  of  less 
than  0.5  ohms  at  1MHz. 

INTERFACING  THE  ADC-910  TO  THE  MC68000 

(Refer  to  Figure  6) 

An  example  of  a  direct  connection  to  a  16-bit  data  bus  is 
shown  in  Figure  6.  The  10-bit  output  of  the  ADC-910  is  con- 
nected directly  to  the  10  least  significant  bits  of  the  MC68000 
data  bus.  In  this  example,  a  Motorola  MC68000  Computer 
Board  supports  the  68000pP.  A  flow  chart  and  assembly  lan- 
guage program  is  shown  below  for  a  simplified  10-bit  wide 
conversion. 


INTERFACING  THE  ADC-910  TO  THE  6502/iP 
(Refer  to  Figure  7) 

An  example  of  direct  connection  to  an  8-bit  data  bus  is  shown 
in  Figure  7.  Notice  that  the  two  least  significant  bits  are  con- 
nected to  data  bits  B3  and  B4.  This  allows  a  10-bit  data 
transfer  over  an  8-bit  bus.  In  this  example,  a  Synertek  Sys- 
tems SYM-1  Educational  Computer  Board  supports  the 
6502 /a P.  The  flow  charts  and  op  codes  for  a  variety  of  conver- 
sion exercises  are  shown  below. 


FIGURE  6:  ADC-910  Interface  to  MC68000  Computer  Board 
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ADC-910  INTERFACE  SOFTWARE  AND  FLOW  CHART  FOR  16-BIT/iP  (MC68000  COMPUTER  BOARD) 


(a)  Minimum  Software  Using  Fixed  Delay 


SELECT 
MODS 

* 

irur 

CONVERSION. 

M 

OILAT 

READ 

tt-VITDATA 
WORD 

MAS) 

OUT 

terra  or 

1WIT 

WORD 

PC 

MNEMONIC 

COMMENT 

1000 

MOVEQ  #12,  DO 

Select  Mode* 

1002 

MOVE  DO,  $50000 

Start  Conversion 

1008 

NOP 

100A 

NOP 

Delay 

100C 

NOP 

100E 

MOVE  $20000,  D1 

Read  Data 

1014 

ANDI  #1023,  D1 

Mask  out  B15-B10 

leaving  B9-B0 

1018 

JMP  $1000 

Jump  to  1000 

'  Loading  a  decimal  12  into  DO  will  apply  the  following  binary  word  to  the 
command  register  at  the  start  of  the  conversion: 
B9  B8  B7  B8  BS  B4  B3  B2  B1  B0 
0000001  100 

This  results  in  unipolar  mode  selection  with  the  Interrupt  disabled. 


(b)  Polling  Status  Register  for  End  of  Conversion  and  Overrange 


START 

CONVERSION 

READ  STATUS 

REOtSTCn 

* 

MASK 

OUT 

UNWANTED  BITS 

FOR 

IOC 

j^XlOCTSSSt 

I  C«o 

READ  STATUS 
REOtSTER 


MASK  OUT 
UNWANTED 

BITS  FOR 
OVERRANQE 


— 25^WERRANOET^ 


MASK  OUT 
REHACKCNO 
•  BITS  or 

ifrarrwoRD 


PC 

MNEMONIC 

COMMENT 

1000 

MOVEQ  #X,D0 

Select  Mode* 

1002 

MOVE  DO,  $50000 

Start  Conversion 

1008 

MOVE  $50000.D1 

Read  Status  Register  into  D1 

100E 

AND  0512.D1 

Mask  for  EOC  Bit  (1000000000  = 

512  Decimal) 

1012 

BNE.L  $1008 

Loop  Until  EOC 

1016 

MOVE  $50000,D2 

Read  Status  Register 

101C 

AND  #256,02 

Mask  lor  OR  Bit  (0100000000  = 

256  Decimal) 

1020 

BEQ.L  $102E 

Branch  to  $102E  Unless  OR 

1024 

MOVE  D3,$40000 

Light  OR  Indicator 

102A 

JMP  $1000 

Start  Over 

102E 

MOVE  $20000,D4 

Read  and  Store  10-Bit  Data 

1032 

AND  #1023,D4 

Mask  Unwanted  6  LSBs 

1036 

JMP  $1000 

Start  Over 

'For  Bipolar  Mode  with  Interrupt  Enabled:  X  =  4  Decimal 
For  Unipolar  Mode  with  Interrupt  Enabled:  X  -  12  Decimal 
For  Bipolar  Mode,  Interrupt  Disabled:  X  =  20  Decimal 
For  Unipolar  Mode,  Interrupt  Disabled:  X  =  28  Decimal 
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FIGURE  7:  ADC-910  Interface  to  6502/iP  on  SYM-1  Board 
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ADC-910  INTERFACE  SOFTWARE  AND  FLOW  CHART  FOR  6502MP  (SYM-1) 
tnterrupt-Drlven  Conversion 


INTERRUPT  SERVICE  ROUTINE: 


^    8TAHT  ^ 


^    START  ^ 


I 


PC 

MNEMONIC 

OP  CODE 

COMMENT 

0200 

LDA#$02 

A9  02 

Set  Interrupt  Vector 

0202 

STA$A679 

8D  79  A6 

0205 

LDA#$12 

A912 

0207 

STA$A678 

8D  78  A6 

020A 

LDA#S03 

A9  03 

Select  Mode  (Unipolar, 

Interrupt  Enabled) 

020C 

STA$1803 

8D  03  18 

Start  Conversion 

020F 

JMP$20A 

4C  OA  02 

Jump  to  20A 

(Loop  Until  Interrupt) 

Interrupt  Service  Routine 

0212 

LDA$1801 

AD  01  18 

Read  High  Byte 

0215 

STA$024E 

8D  4E  02 

Store  High  Byte  at  024E 

0218 

LDA$1802 

AD  02  18 

Read  Low  Byte 

021 B 

AND#$03 

29  03 

Mask  Out  Bits  9-4 

021 D 

STA$024F 

8D  4F  02 

Store  Low  Byte  at  024F 

0220 

LDA#$03 

A9  03 

Select  Mode 

0222 

STA$1803 

8D  03  18 

Start  Conversion 

0225 

RTI 

40 

Return  from  Interrupt 
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PMI> 


Precision  Monolithics  Inc. 


ADC-9012 

CMOS  MICROPROCESSOR-COMPATIBLE 
12-BIT  A/D  CONVERTER 

PRELIMINARY 


FEATURES 

•  Low  Cost 

•  12-Bit  Accurate 

±1/2  LSB  Nonllnearity  Error  Over  Temperature 
No  Missing  Codes  at  All  Temperatures 

•  12  Microsecond  Conversion  Time 

•  Internal  or  External  Clock 

•  Fast  Bus  Access  and  Disconnect  Time 

TACC  =  90ns  minimum 
Tqis  =  75ns  minimum 

•  8  or  16-Bit  Data  Bus  Compatible 

•  Improved  ESD  Resistant  Design 

•  Low  B5mW  Power  Consumplion 

•  Space  Saving  24-Pin  0.3"  DIP,  or  24-Lead  SOL 

APPLICATIONS 

•  Data  Acquisition  Systems 

•  DSP  System  Front  End 

•  Process  Control  Systems 

•  Portable  Instrumentation 


ORDERING  INFORMATION 


GAIN 

NON- 

MILITARY* 

INDUSTRIAL 

COMMERCIAL 

ERROR 

LINEARITY 

TEMPERATURE 

TEMPERATURE 

TEMPERATURE 

(LSB) 

(LSB) 

-55°C  lo +125-C 

-40°Cto+B5"C 

O'C  la  +70"C 

±1 

±1/2 

ADC9012EP 

±4 

±1/2 

ADC9012BW 

±4 

±1/2 

ADC9012BTC/883 

±8 

±1 

ADC9012FW 

±8 

±1 

ADC9012FP 

ADC9012HP 

±8 

±1 

ADC9012FStt 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  after 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information  see  1988 

Data  Book.  Section  2. 
ft  For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 

your  local  sales  office. 


GENERAL  DESCRIPTION 

The  ADC-9012  is  a  monolithic  12-bit  accurate  CMOS  A/D 
converter.  It  contains  a  complete  successive  approximation 
A/D  converter  built  with  a  high  accuracy  D/A  converter,  a 
precision  bipolar  transistor  high-speed  comparator,  and  suc- 
cessive approximation  logic  including  three-state  bus  interface 
for  logic  compatibility.  The  accuracy  of  the  ADC-9012  results 
from  the  addition  of  precision  bipolar  transistors  in  PMI's 
advanced-oxide  isolated  silicon-gate  CMOS  process.  NPN 
transistors  also  provide  excellent  bus  interface  timing,  90ns 
access  time,  and  75ns  bus  disconnect  time  which  results  in 
faster  data  transfer  without  the  need  for  wait  states.  An  external 
1MHz  clock  provides  a  12jiS  conversion  time. 

In  stand-alone  applications  an  internal  clock  can  be  used  with 
an  external  crystal. 

An  external  negative  five-volt  reference  sets  the  0  to  +10  volt 
input  range.  Plus  five  and  minus  15  volt  power  supplies  result  in 
B5mW  of  total  power  consumption. 

PIN  CONNECTIONS 


ACND  [T 

»]  BUSY 

D11  [±_ 

JlJ  CS 

oio  [T 

»]  ffO 

mE 

Ti]  HBEN 

D8  (T 

Jj]  CLK  OUT 

D7  (T 

J]  CLK  IN 

w|T 

Ti]  DO/8 

Di  Qo 

1*]  DVB 

D4  [n 

hi]  D2/1Q 

DGND  [w 

Ti]  Dial 

§  e  J  "  S  3  IS 

-    i»   K  x    >  >  a> 

UL-JliJUlalliilH 
g  (s 

3  f» 
3  E 

3  in 

3  E 


H.C. 

CLK  OUT 
CLK  IN 
OO/S 


24-LEAD  SOL 
(S-Suffix) 

24-PIN  0.3"  EPOXY  DIP 
(P-Suffix) 

24-PIN  0.3"  CERDIP 
(W-Suffix) 


28-CONTACT  LCC 
(T-Suffix) 


This  preliminary  product  information  is  based  on  testing  of  a  limited  number  ol  devices.  Final  specifications  may  vary.  Please  contact  local  sales 
office  or  distributor  for  final  data  sheet. 
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AOC-9012  CMOS  MICROPROCESSOR-COMPATIBLE  12-BIT  A/D  CONVERTER  -  PRELIMINARY 


FUNCTIONAL  DIAGRAM 


AGND  ^HfM 
0  Q 


SUCCESSIVE 
APPROXIMATION 
REGISTER 

2^1 


fTTTlO 


I 


THREE-STATE 
OUTPUT 


Wf 


THREE-STAfS 
OUTPUT 
DRHOIS 


S       11       12      13  IS 


CLOCK 
OSCIUATOR 


^0  5055 

2-0  BB 
2-OKSO. 


)  CUC  OUT 
3CUCM 


0    6     6  6 
OTl    Ot         D7     04  DSHD  nam  dot 


ABSOLUTE  MAXIMUM  RATINGS  (TA  =  +25°C  unless 
otherwise  noted) 

VDDtoDGND  -0.3VtO+7V 

Vss  to  DGND  +0.3V  to  -17V 

AGND  to  DGND  -0.3V,  VDD  +  0.3V 

AIN  to  AGND   -15Vto+15V 

Digital  Input  Voltage  to  DGND 

Pins  17, 19-21  -0.3V,  VDD  +  0.3V 

Digital  Output  Voltage  to  DGND 

Pins  4-11, 13-16, 18, 22  -0.3V,  VDD  +  0.3V 

Operating  Temperature  Range 

HP  0to+70°C 

ER  FP,  FW,  FS  -40°C  to  +85°C 

BW,  BTC  -WCto-K^C 


Dice  Junction  Temperature  +150°C 

Storage  Temperature   -65°C  to  "ISPC 

Power  Dissipation  (Any  Package)  to  +75°C   1,000mW 

Derates  above +7S"C  by   10mW/°C 

CAUTION: 

Stress  above  those  listed  under  "Absoluts  Maximum  Ratings"  may  causa 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  condition  above  those  indicated  in 
the  operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 


ELECTRICAL  CHARACTERISTICS  at  VDD = +5V,  Vss = -12  to  ~15V,  VREF = -5V,  Analog  Input  0  to  +10V;  iClk  =  1  MHz;  -40"C  < 
Ta  <  +e5°C  for  ADC-9012E/F.  0°C  <  TA  <  +70°C  for  ADC-9012H,  -5S"C  <  TA  <  +12S°C  for  ADC-9012B,  unless  otherwise  noted. 
Specifications  apply  to  Slow-Memory  Mode. 


ADC-9012 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Integral  Noniinearfty 

INL 

B/E  Grades 
F/H  Grades 

-1/2 
-1 

+1/2 
+1 

LSB 

Differential  Nonllnearity 

DNL 

-1 

+1 

LSB 

Offset  Error 

VzsE 

E  Grade 
B/F/H  Grades 

-1 
-4 

+1 
+4 

LSB 

E  Grade 

-1 

+1 

Gain  Error 

GFSE 

B  Grade 

-4 

+4 

LSB 

F/H  Grades 

-8 

+8 
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ADC-8012  CMOS  MICROPROCESSOR-COMPATIBLE  12-BIT  A/D  CONVERTER  -  PRELIMINARY 


ELECTRICAL  CHARACTERISTICS  at  VDD = +5V,  Vss = -12  to  -15V,  VREF = -5V,  Analog  Input  0  to  +10V;  fcLK = 1  MHz;  -40°C  £ 
ta  <  +85°C  for  ADC-9012E/F,  0°C  <  TA  <  +70°C  for  ADC-9012H,  -55°C  <TA<  +125°C  for  ADC-9012B,  unless  otherwise  noted. 
Specifications  apply  to  Slow-Memory  Mode.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

ADC-9012 

TYP 

MAX 

UNITS 

Full-Scale  Tempco 

(N0t6  1) 

TCGFS 

E  Grade 
u/r/n  uraoes 

+5 

+10 

ppm/°C 

Input  Voltage  Range 

VIN 

0 

+10 

V 

Input  Current  Range 

'in 

0 

+3 

mA 

Power  Supply  Rejection  Ratio 

PSRR 

AVqq  —  ±10%,  AVgg  —  ±10% 

1/2 

1 

LSB 

Logic  Input  High  Voltage 

V|NH 

CS,  RD,  HBEN 

2.4 

V 

Logic  Input  Low  Voltage 

VINU 

CS,  RD,  HBEN 

0.8 

V 

Logic  Input  Current 

'in 

Co,  HD,  HbcN 

±1 

»iA 

Digital  Input  Capacitance 

CIN 

Digital  input,  Co,  hd,  nscff,  l*lk  in 
(Note  1) 

10 

pF 

Logic  Output  High  Voltage 

V0H 

'source  =  0.4mA 

3.S 

_ 

V 

Logic  Output  Low  Voltage 

Vol 

•sink  =  1 -6m  A 

0.4 

V 

Three-State  Output  Leakage 

loz 

D11-D0/8 

10 

jiA 

Digital  Output  Capacitance 

Gout 

D11-D0/S(Note1) 

15 

PF 

Positive  Supply  Current 

'do 

VOD  =  +5V(Noto2) 

5 

mA 

Negative  Supply  Current 

'ss 

Vss  = -12V  (Note  2) 

5 

mA 

Power  Consumption 

p<»t» 

VDD  =  +5V,  Vjs  =  -12V  (Note  2) 

85 

mW 

Conversion  Time 

To 

feu,  =  1  MHz  (Note  6) 
Synchronous  Clock 
Asynchronous  Clock 

12 

12.5 
13.5 

TIMING.  CHARACTERISTICS  (Notes  1. 3) 

CS  to  RD  Set-up  Time 

t| 

0 

ns 

RD  to  BUSY 
Propagation  Delay 

<2 

TA  =  +25«C 

TA  =  Full  Temperature  Range 
E/F/H  Grades 
B  Grade 

190 

230 
270 

ns 

Data  Access  Time  After  RD 

t3 

90 
125 

ns 

Read  Pulse  Width 

u 

CL  =  2CpF 
Cu  =  100pF 

90 
125 

ns 

CS  to  RD  Hold  Time 

0 

ns 

Data  Set-up  Time  Alter  BUSY 

k 

{Note  4) 

70 

ns 

Bus  Disconnect  Time 

l7 

(Note  S) 

20 

75 

ns 

HBEN  to  RD  Set-up  Time 

>e 

0 

ns 

HBEN  to  RD  Hold  Time 

<9 

0 

ns 

Delay  Between  Successive 
Read  Operations 

500 

ns 

NOTES: 

1.  Guaranteed  by  design.   5.  t7isthetiirierequiredforthedataiinestocttange0.5VwhenloadedwithUte 

2.  Converter  Inactive;  CS,  RD  =  HIGH,  A,N  =  +10V.  circuits  of  Figure  2. 

3.  All  input controlsignalsarespeclfied  with t,=t,=5ns(lO%to90%of+SV)  6.  See  Synchronizing  Start  Conversion  information  In  Converter  Operation 
and  timed  from  a  voltage  level  of  1.6V.  Details. 

4.  tj  and  Lj  are  measured  with  the  load  circuits  ol  Figure  1  and  timed  lor  an 
output  to  cross  0.3V  or  2.4V. 
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 [pjjjj^  ADC-9012  CMOS  MICROPROCESSOR-COMPATIBLE  12-BIT  A/D  CONVERTER  -  PRELIMINARY 

FIGURE  1:  Load  Circuits  for  Access  Time  FIGURE  2:  Load  Circuits  lor  Output  Float  Delay 


T 


A.KIQH>ZTOVOH(1)) 
(WDVolTOVohIIi) 


B.  H1GH-Z  TO  <lj) 
ANOVcTOVotW 


J  DOND 
B.VOLTOK10H-2 


TABLE  1:  Pin  Function  Description 


PIN 

MNEMONIC 

DESCRIPTION 

1 

Analog  Input  0  to  +10  volts. 

2 

VrefIN 

Voltage  Reference  Input.  Requires  external  —5  volt  reference. 

3 

AGND 

Analog  Ground     

4. ..11 

D11...D4 

Three  State  data  outputs  become  active  when  CS  and  RD  are  brought  low. 

13...  16 

D3/M...D0/8 

Individual  pin  function  is  dependent  upon  High  Byte  Enable  (HBEN)  input. 

DATA  BUS  OUTPUT,  CS  »  RD  =  LOW 

12 
17 

18 

19 

20 

21 

22 
23 
24 


DGND 
CLKIN 

CLK  OUT 

HBEN 


RD 


CS 


BUSY 

Vss 

Vdd 


Pin  4 

PInS 

Pin  8 

Ptn7 

PInS 

Pins 

Pin  10 

Pin  11 

Pin  13 

Pin  14 

Pin  IS 

Pin  16 

MNEMONIC* 

Oil 

D10 

D9 

D8 

D7 

D6 

DS 

D4 

D3/11 

D2/I0 

D1/9 

DO/8 

HBEN  =  LOW 

DB11 

DB10 

DBS 

DBS 

DB7 

DBS 

DBS 

DB4 

DB3 

DB2 

DB1 

DBO 

HBEN  =  HIGH 

DB11 

DB10 

DBS 

DBS 

LOW 

LOW 

LOW 

LOW 

DB11 

DB10 

DB9 

DBS 

NOTES: 

*D11 ...  DO/8  are  the  ADC  data  output  pins. 
DB11 . . .  DBO  are  the  12-bit  conversion  results,  DB11  is  the  MSB. 
Digital  Ground 

Clock  Input  pin.  An  external  TTL  compatible  clock  may  be  applied  to  this  pin.  Alternatively  a  crystal  or 
ceramic  resonator  may  be  connected  between  CLK  IN  (Pin  17)  and  CLK  OUT  (Pin  18). 
Clock  Output  pin.  An  inverted  CLK  IN  signal  appears  at  CLK  OUT  when  an  external  clock  is  used.  See 
CLK  IN  (Pin  17)  description  for  crystal  (resonator). 

High  Byte  Enable  input,  its  primary  function  is  to  multiplex  the  12  bits  of  conversion  data  onto  the  lower 
D7 . . .  DO/8  outputs  (4  MSBs  or  8  LSBs).  See  Pin  description  4 ...  11  and  13 ...  16.  Also  disables 
conversion  start  when  HBEN  is  high.   

READ  input  This  active  LOW  signal,  in  conjunction  with  CS  is  used  to  enable  the  output  data  three-state 
drivers  and  initiates  a  conversion  if  CS  and  HBEN  are  low.   

CHIP  SELECT  input  This  active  LOW  signal,  In  conjunction  with  RD  is  used  to  enable  the  output  data 
three-state  drivers  and  initiates  a  conversion  if  RD  and  HBEN  are  low. 
BUSY  output  indicates  converter  status.  BUSY  is  LOW  during  conversion. 
Negative  Supply,  -1SV. 
Positive  Supply,  +SV 


oo 
Pi 


O 
u 

pH 

CJ 

pH 

Q 

I 

O 
H 

6 
o 

i 

< 
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ADC-9012  CMOS  MICROPROCESSOR-COMPATIBLE  12-BIT  A/D  CONVERTER  -  PRELIMINARY 


DICE  CHARACTERISTICS 


DIE  SIZE  0.122  X  0.148  Inch,  18,056  sq.  mils 
(3.098  X  3.759  mm,  11.65  sq.  mm) 


WAFER  TEST  LIMITS  at  VDD  =  +5V,  Vss  =  -12V  to  -15V,  VREF  = 

-5V,  A,N  =  0V  to  +10V,  and  TA  =  +25°C, 

unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

ADC-9012G 
LIMIT 

UNITS 

Integral  Nonlinearity 

INL 

±1 

LSB  MAX 

Differential  Nonlinearity 

□NL 

±1 

LSB  MAX 

Offset  Error 

Vzse 

±8 

LSB  MAX 

Gain  Error 

GFSE 

±8 

LSB  MAX 

Analog  Input  Resistance 

RAIN 

4/6 

Kll  MIN/MAX 

Logic  Input  High  Voltage 

V|NM 

CS,  RD,  HBEN 

2.4 

V  MIN 

Logic  Input  Low  Voltage 

V,NL 

21,  RD.  HBEN 

0.8 

VMAX 

Logic  Input  Current 

'in 

CS,  RD.  HBEN 

±1 

pA  MAX 

Logic  Output  High  Voltage 

V0M 

'source  =  0.4mA 

3.5 

V  MIN 

Logic  Output  Low  Voltage 

Vol 

Isink=  16mA 

04 

V  MAX 

Positive  Supply  Current 

'dd 

VDD  =  +5V  (Note  1) 

5 

mA  MAX 

Negative  Supply  Current 

iss 

Vss  =  -12V  (Note  1) 

5 

mA  MAX 

NOTES: 

1.  Converter  inactive  CS  =  RD  =  HBEN  =  Logic  HIGH,  A]N  =  +10V. 

Electrical  tests  are  performed  at  water  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed 
tor  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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ADC-9012  CMOS  MICROPROCESSOR-COMPATIBLE  12-BIT  A/D  CONVERTER  —  PRELIMINARY 


FIGURE  3:  Parallel  Read  Timing  Diagram,  Slow-Memory  Mode  (HBEN  =  LOW) 
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oan-oao 


— I  k  I—  — '  I?  I— 
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SLOW-MEMORV  MODE,  PARALLEL  REAO  DATA  BUS  STATUS 


ADC-9012  DATA  OUTPUTS 

D11 
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D9 

08 

D7 

CM 

05 

D4 

01/11 

02/10 

D1/9 

DO/8 

READ 

0B11 

DB10 

DBS 

DBS 

DB7 

DBS 
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DB4 

DB3 

DB2 

DB1 

DBO 

FIGURE  4:  Two-Byte  Read  Timing  Diagram,  Slow-Memory  Mode 
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8L0W-MEM0RV  MODE,  TWO-BYTE  READ  DATA  BUS  STATUS 
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D7 

06 
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D4 
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AOC-9012  CMOS  MICROPROCESSOR-COMPATIBLE  12-BIT  A/O  CONVERTER  -  PRELIMINARY 


FIGURE  5:  Parallel  Read  Timing  Diagram,  ROM  Mode  (HBEN  =  LOW) 
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ROM  MODE.  PARALLEL  REAP  DATA  BUS  STATUS 
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DS 

DS 

D7 

DS 

DS 

D4 

om 
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FIGURE  6:  Two-Byte  Read  Timing  Diagram.  ROM  Mode 
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ROM  MODE,  TWO-BYTE  READ  DATA  BU8  STATUS 
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ADC-9012  CMOS  MICROPROCESSOR-COMPATIBLE  12-BIT  A/D  CONVERTER  —  PRELIMINARY 


FIGURE  7:  Basic  Connection  Diagram 
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CONVERTER  OPERATION  DETAILS 

The  CS,  RD  and  HBEN  digital  inputs  control  the  start  of 
conversion.  A  high-to-low  transition  on  both  CS  and  RO  initiate 
a  conversion  sequence.  The  HBEN  high-byte-enable  input 
must  be  low  or  coincident  with  the  read  RO  input  edge.  The 
start  of  conversion  resets  the  internal  successive  approximation 
register  (SAR)  and  enables  the  three-state  outputs.  See  Figure 
8.  The  busy  line  is  active  low  during  the  conversion  process. 

During  conversion,  the  SAR  sequences  the  voltage  output  DAC 
from  the  most-significant-bit  (MSB)  to  the  least-significant-bit 
(LSB).  The  analog  input  connects  to  the  comparator  via  a  5kn 
resistor.  The  DAC  which  has  a  2.5kfl  output  resistance  connects 
to  the  same  comparator  input.  The  comparator,  performing  a 
zero  crossing  detection,  tests  the  addition  of  successively 
weighted  bits  from  the  DAC  output  versus  the  analog  input 
signal.  The  MSB  decision  occurs  after  the  second  negative 
edge  of  the  CLK  IN  following  conversion  initiation.  The 
remaining  11-bit  trials  occur  on  the  next  11  negative  CLK  IN 
edges.  Once  a  conversion  cycle  is  started  it  cannot  be  stopped 
or  restarted,  without  upsetting  the  remaining  bit  decisions. 
Every  conversion  cycle  must  have  13  negative  CLK  IN  edges.  At 
the  end  of  conversion  the  comparator  input  voltage  is  zero.  The 
SAR  contains  the  12-bit  data  word  representing  the  analog 
input  voltage.  The  BUSY  line  returns  to  logic  high,  signalling 
end  of  conversion.  The  SAR  transfers  the  new  data  to  the  12-bit 
latch. 

SYNCHRONIZING  START  CONVERSION 

Aligning  the  negative  edge  of  the  RD  with  the  rising  edge  of 
CLK  IN  provides  synchronization  of  the  start  convert  signal  to 
the  conversion  process  for  sampling  system  applications. 
Without  synchronization  the  conversion  time  will  vary  from  12 
to  13  clock  cycles.  See  Figure  9. 


FIGURE  8:  Simplified  Analog  Input  Circuitry 
Of  ADC-9012 
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POWER  ON  INITIALIZATION 

During  system  power-up  the  ADC-9012  comes  up  in  a  random 
state.  One  complete  conversion  of  13  clock  cycles  must  be 
performed  to  reset  the  A/D  conversion  process.  The  results  of 
the  first  conversion  should  be  disregarded.  The  second  13  clock 
cycles  will  provide  a  valid  A/D  conversion.  This  is  important  in 
battery  operated  systems  where  power  supplies  are  shut  down 
between  measurement  times. 

DRIVING  THE  ANALOG  INPUT 

During  conversion,  the  DAC  output  current  modulates  the 
analog  input  current  at  the  CLK  IN  frequency  of  1MHz.  The 
analog  input  to  the  ADC-9012  must  not  change  during  the 
conversion  process.  This  requires  an  external  buffer  with  low 
output  impedance  at  1MHz.  Suitable  devices  meeting  this 
requirement  include  the  OP-27,  OP-42,  and  the  SMP-11. 

INTERNAL  CLOCK  OSCILLATOR 

Figure  10  shows  the  ADC-9012  internal  clock  circuit.  The  clock 
oscillates  atthe  external  crystal  or  ceramic  resonator  frequency. 
The  1  MHz  crystal  or  ceramic  resonator  connects  between  the 
CLK  IN  (pin  17)  and  the  CLK  OUT  (pin  18).  Capacitance  values 
(C1.  C2)  depend  on  the  crystal  or  ceramic  resonator  manu- 
facturer. Typical  values  range  from  30pF  to  100pF. 

EXTERNAL  CLOCK  INPUT 

A  TTL  compatible  signal  connected  to  CLK  IN  provides  proper 
converter  clock  operation.  No  connection  is  necessary  to  the 
CLK  OUT  pin.  The  CLK  IN  duty  cycle  is  not  critical,  since  all 
internal  circuit  timing  occurs  on  the  negative  CLK  IN  edge.  The 
duty  cycle  of  the  external  clock  input  can  range  from  20%  to 
80%.  Figure  9  shows  the  important  waveforms. 

EXTERNAL  REFERENCE 

A  low-output  resistance  negative-five  volt  reference  is  neces- 
sary. The  external  reference  should  be  able  to  supply  3mA  of 
reference  current.  A  bypass  capacitor  is  necessary  on  the 
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FIGURE  9:  External  Clock  Input  Synchronization 


reference  input  lead  to  minimize  system  noise.  The  reference 
input  to  the  internal  DAC  is  code  dependent  requiring  anywhere 
from  zero  to  3mA.  The  reference  voltage  tolerance  has  a  direct 
influence  on  A/D  converter  full-scale  voltage.  The  maximum 
input  full-scale  voltage  equals  2  X  -VBEF.  The  ADC-9012  Is  not 
designed  for  ratiometric  operation;  the  range  for  reference 
input  voltages  should  be  limited  to  ±5%.  Figure  11  provides  a 
good  negative-five  volt  reference. 

FIGURE  10:  ADC-9012  Simplified  Internal  Clock  Circuit 
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FIGURE  11:  Negative-Five  Volt  Reference 
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UNIPOLAR  ANALOG  INPUT  OPERATION 

Figure  12  shows  the  ideal  Input/output  characteristic  for  the  0  to 
10  volt  input  range  of  the  ADC-9012.  The  designed  output  code 
transitions  occur  midway  between  successive  integer  LSB 

values  (i.e.,  0.5  LSB.  1.5  LSBs.  2.5  LSBs  FS  - 1.5  LSBs).  The 

output  code  Is  natural  binary  with  1  LSB  =  FS/4096  = 
(10/4096)V  =  2.44mV.  The  maximum  full-scale  input  voltage  is 
(10  X  4095/4096)V  =  9.9976V,  which  is  0.5  LSB  higher  than  the 
last  code  transition. 

FIGURE  12:  Ideal  ADC-9012  Input/Output 
Transfer  Characteristic 
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OFFSET  AND  FULL-SCALE  ERROR  ADJUSTMENT, 
UNIPOLAR  OPERATION 

In  applications  where  absolute  accuracy  is  important  then 
offset  and  full-scale  error  can  be  adjusted  to  zero.  Figure  13 
shows  the  extra  components  required  for  full-scale  error 
adjustment.  Zero  offset  is  achieved  by  adjusting  the  null  offset 
of  the  op  amp  driving  AIN. 
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Adjust  the  zero-scale  fl  rst  by  applying  1.22m  V  (equivalent  to  0.5 
LSB  input)  to  V|N.  Adjust  the  op  amp  offset  control  until  the 
digital  output  toggles  between  0000  0000  0000  and  0000  0000 
0001.  The  next  step  Is  adjustment  of  full  scale.  Apply  9.9964V 
(equivalent  to  FS  - 1.5  LSB)  to  V,N  and  adjust  R1  until  the  digital 
output  toggles  between  1111 1111 1110  and  1111 1111 1111. 

FIGURE  13:  Unipolar  0V  to  +10V  Operation 
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MICROPROCESSOR  INTERFACING 

The  ADC-9012  has  self-contained  logic  for  both  8-bit  and  16-bit 
data  bus  interfacing.  The  output  data  can  be  formatted  into 
either  a  12-bit  parallel  word  for  a  16-bit  data  bus  or  an  8-bit  data 
word  pair  for  an  8-bit  data  bus.  Data  is  always  right  Justified,  i.e., 
LSB  is  the  most  right-hand  bit  in  a  16-bit  word.  For  a  two-byte 
read,  only  data  outputs  D7 . . .  D0/8  are  used.  Byte  selection  is 
governed  by  the  HBEN  input  which  controls  an  internal  digital 
multiplexer.  This  multiplexes  the  12-bits  of  conversion  data 
onto  the  lower  D7 . . .  DO/8  outputs  (4  MSBs  or  8  LSBs)  where  it 
can  be  read  in  two  read  cycles.  The  4  MSBs  always  appear  on 
D11 . . .  D8  whenever  the  three-state  output  drivers  are  turned  on. 
See  Figure  14. 


Two  A/D  conversion  modes  of  operation  are  available  for  both 
data  bus  sizes:  the  ROM  mode  and  the  Slow-Memory  mode. 

In  the  ROM  mode  each  READ  instruction  obtains  new,  valid 
data  assuming  the  minimum  timing  requirements  are  satisfied. 
However,  since  the  data  output  from  a  current  READ  instruction 
was  generated  from  a  conversion  initiated  by  a  previous  READ 
operation,  the  current  data  may  be  out-of-date.  To  be  sure  of 
obtaining  up-to-date  data,  READ  instructions  may  be  coded  In 
pairs  (with  some  NOPs  between  them);  use  only  the  data  from 
the  second  READ  in  each  pair.  The  first  READ  starts  the 
conversion,  the  second  READ  gets  the  results. 

The  Slow-Memory  mode  is  the  simplest  mode.  It  Is  the  method 
of  choice  where  compact  coding  is  essential,  or  where  software 
bugs  are  a  hazard.  In  this  mode,  a  single  READ  instruction  will 
initiate  a  data  conversion,  interrupt  the  microprocessor  until 
completion  (WAIT  states  are  introduced),  then  read  the  results. 
If  the  system  throughput  tolerates  WAIT  states,  and  the  hard- 
ware Is  correct,  then  the  Slow-Memory  mode  is  virtually 
Immune  to  subsequent  software  modifications.  Placing  the 
microprocessor  in  the  WAIT  state  has  an  additional  advantage 
of  quieting  the  digital  system  to  reduce  noise  pickup  in  the 
analog  conversion  circuitry.  The  12-bit  parallel  Slow-Memory 
mode  provides  the  fastest  analog  sampling  rate  combined  with 
digital  data  transfer  rate  for  sampled-data  systems. 

PARALLEL  READ,  SLOW-MEMORY  MODE  (HBEN  =  LOW) 

Figure  3  shows  the  timing  diagram  and  data  bus  status  for 
Parallel  Read,  Slow-Memory  Mode.  CS  and  RD  going  low 
triggers  a  conversion  and  the  ADC-9012  acknowledges  by 
taking  BUSY  low.  Data  from  the  previous  conversion  appears 
on  the  three-state  data  outputs.  BUSY  returns  high  at  the  end  of 
conversion,  when  the  output  latches  have  been  updated,  and 
the  conversion  result  is  placed  on  data  outputs  D11 . . .  DO/8. 

TWO-BYTE  READ,  SLOW-MEMORY  MODE 

For  a  two-byte  read  only  8  data  outputs  D7 . . .  DO/8  are  used. 
Conversion  start  procedure  and  data  output  status  for  the  first 
read  operation  Is  identical  to  Parallel  Read,  Slow-Memory  Mode. 
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FIGURE  14:  Internal  Logic  for  Control  Inputs  CS,  RD,  and  HBEN 


H5C-8] 


L 

D  O 

s 

SBs?— I 

ACTIVE  HIGH  . 

CONVERSION  START 
'  (POSITIVE  EDGE  TRIGGER] 


ENABLE  THREE-STATE  OUTPUTS 
PINS:  OH...  DVB 
DATA  BITS:  DBH . . .  DB0 


ENABLE  THREE-STATE  OUTPUTS 

PINS:  011 . . .  Ol 

DATA  BIT8:  DB11 . . .  DBS 

PINS:  07. ..  04 

DATA  BITS:  LOGIC  LOW 

PM8:OS/11...D0/B 

DATA  BITS:  DBH...  DBS 


12-41 


10/87,  Rev.  B 


PMI) 


ADC-9012  CMOS  MICROPROCESSOR-COMPATIBLE  12-BIT  A/D  CONVERTER  —  PRELIMINARY 


See  Figure  4,  Timing  Diagram  and  Data  Bus  Status.  At  the  end 
of  conversion,  the  low  data  byte  (DB7 . . .  DBO)  is  read  from  the 
A/D  converter.  A  second  READ  operation  with  HBEN  high, 
places  the  high  byte  on  data  outputs  D3/1 1 ...  DO/8  and  disables 
conversion  start.  Note  the  4  MSBs  appear  on  data  outputs 
D11 . . .  D8  during  these  two  READ  operations. 

PARALLEL  READ,  ROM  MODE  (HBEN  =  LOW) 

A  conversion  is  started  with  a  READ  operation.  The  12  bits  of 
data  from  the  previous  conversion  are  available  on  data  outputs 
D11 . . .  DO/8  (see  Figure  5).  This  data  may  be  disregarded  if  not 
required.  A  second  READ  operation  reads  the  new  data  (DB11 
. . .  DBO)  and  starts  another  conversion.  A  delay  at  least  as  long 
as  the  ADC-9012  conversion  time  must  be  allowed  between 
READ  operations.  If  a  READ  takes  place  prior  to  the  end  of  13 
CLKS  of  the  ADC  conversion,  the  remaining  bits  not  yet  tested 
will  be  invalid. 

TWO-BYTE  READ,  ROM  MODE 

For  a  two-byte  read-only  data  outputs  D7 ...  DO/8  are  used. 
Conversion  is  started  in  the  same  way  with  a  READ  operation 
and  the  data  output  status  is  the  same  as  the  Parallel  Read, 
ROM  Mode.  See  Figure  6,  Two-Byte  Read  Timing  Diagram. 
Two  more  READ  operations  are  required  to  obtain  the  new 
conversion  result.  A  delay  equal  to  the  ADC-S012  conversion 
time  must  be  allowed  between  conversion  start  and  the  second 
data  READ  operation.  The  second  READ  operation,  with  HBEN 
high,  disables  conversion  start  and  places  the  high  byte  (4 
MSBs)  on  data  outputs  D3/11 . . .  DO/8.  A  third  READ  operation 
accesses  the  low  data  byte  (DB7 . . .  DBO)  and  starts  another 
conversion.  The  4  MSBs  appear  on  data  outputs  D11 . . .  D8 
during  all  three  read  operations  above. 

CIRCUIT  LAYOUT  GUIDELINES 

As  with  any  high  speed  A/D  converters  good  circuit  layout 
practice  is  essential.  Wire-wrap  boards  are  not  recommended 
due  to  stray  pickup  of  the  high  frequency  digital  noise.  A  PC 
board  offers  the  best  results.  Digital  and  analog  grounds  should 
be  separated  even  if  they  are  ground  planes  instead  of  ground 
traces.  Don't  lay  digital  traces  adjacent  to  high  impedance 
analog  traces.  Avoid  digital  layouts  that  radiate  high  frequency 
clock  signals,  i.e.,  don't  lay  out  digital  signal  lines  and  ground 
returns  in  the  shape  of  a  loop  antenna.  Shield  the  analog  input  if 
it  comes  from  a  different  PC  board  source.  Set  up  a  single  point 
ground  at  AQND  (pin  3)  of  the  ADC-9012.  Tie  all  other  analog 
grounds  to  this  point.  Also  tie  the  logic  power  supply  ground, 
but  no  other  digital  grounds  to  this  point  (see  Figure  15).  Low 
impedance  analog  and  digital  power  supply  common  returns 
are  essential  to  low  noise  operation  of  the  ADC.  Their  trace 
widths  should  be  as  wide  as  possible.  Good  power  supply 
bypass  capacitors  located  near  the  ADC  package  insure  quiet 
operation.  Place  a  10/iF  capacitor  in  parallel  with  a  0.01  pF 
ceramic  capacitor  across  V0D  to  ground  and  Vgs  to  ground 
(near  pin  3). 

In  applications  where  the  ADC-9012  data  outputs  and  control 
signals  are  connected  to  a  continuously  active  microprocessor 
bus,  it  is  possible  to  get  LSB  level  errors  in  conversion  results. 
These  errors  are  due  to  a  feedthrough  from  the  microprocessor 


FIGURE  15:  Power  Supply  Grounding 
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to  the  internal  comparator.  The  problem  can  be  minimized  by 
forcing  the  microporcessor  into  a  WAIT  state  during  conversion 
(see  Slow-Memory  Mode  microprocessor  interfacing).  An 
alternate  method  is  isolation  of  the  data  bus  with  three-state 
buffers. 


INTERFACING  TO  THE  TMS32010  DSP  PROCESSOR 

Figure  16  shows  an  ADC-9012  to  TMS32010  interface.  The 
ADC-9012  is  operating  in  the  ROM  Mode.  The  interface  is 
designed  fora  maximum  TMS32010clock  frequency  of  18.6MHz 
but  will  typically  work  over  the  full  20MHz  TMS32010  clock 
frequency  range. 

The  ADC-9012  is  mapped  at  a  user-selected  port  address  (PA). 
The  following  I/O  instruction  starts  a  conversion  and  reads  the 
previous  conversion  into  the  data  memory. 

IN  DATA,  PA  PA  =  Port  Address 

DATA  =  Data  Memory  Location 

When  conversion  is  complete,  a  second  I/O  instruction  reads 
the  new  data  into  the  data  memory  and  starts  another  con- 
version. Sufficient  A/D  conversion  time  must  be  allowed 
between  I/O  instructions.  The  very  first  data  read  after  system 
power-up  should  be  discarded. 

FIGURE  16:  ADC-9012  to  TMS32010  DSP  Processor  Interface 
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USING  WAIT  STATES 

The  TMS32020  DSP  processor  has  the  added  capability  of 
WAIT  states.  This  feature  simplifies  the  hardware  required  for 
slow  memory  devices  by  extending  the  microprocessor  bus 
access  time.  Figure  15  shows  an  ADC-9012  to  TMS32020 
interface  using  one  WAIT  state  to  guarantee  data  interface  at 
the  full  20MHz  clock  frequency.  This  WAIT  state  extends  the 
bus  access  time  by  200ns.  In  this  circuit  the  ADC-9012  operates 
in  the  ROM  mode  where  each  input  Instruction  (IN  DATA,  PA) 
takes  the  previous  conversion  result  and  stores  it  in  memory. 
The  next  input  instruction  must  be  delayed  as  long  as  the  A/D 
conversion  time  to  read  a  new  conversion  result. 


SLOW-MEMORY  MODE  OPERATION  USING  WAIT  STATES 

The  WAIT  state  featu  re  of  the  TMS32020  can  be  used  to  operate 
the  ADC-9012  in  the  Slow-Memory  mode.  This  is  accomplished 
by  driving  the  clock  Input  of  the  7474  flip-flop  In  Figure  17,  from 
the  BUSY  output  of  the  ADC-9012,  instead  of  the  CLK  OUT1  of 
theTMS32020.  Once  a  conversion  has  started  the  READY  input 
of  the  TMS32020  is  not  released  until  the  ADC-9012  completes 
its  12-bit  A/D  conversion.  This  stops  the  TMS32020  during  the 
conversion  process  reducing  microprocessor  system  noise 
generation.  Another  advantage  for  the  system  software  is  the 
single  instruction  IN  MEM,  PA  used  to  start,  process,  and  read 
the  results  of  the  A/D  conversion.  This  makes  thesoftware  code 
more  transportable  between  systems  operating  at  different 
clock  speeds.  The  disadvantage  is  wasted  processing  time. 


FIGURE  17:  ADC-9012  to  TMS32020  Interface  Using  WAIT  States 
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CMOS  HIGH-SPEED  8-BIT 
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FEATURES 

•  Built-in  Track  and  Hold  Function 

•  No  Missing  Codes 

•  No  External  Clocking 

•  Operates  from  Single  +5V  Supply  with  0  to  5V  Analog 
Input  Voltage 

•  Easily  Interfaced  to  Microprocessors,  or  Stand-Alone 

•  Latched  3-State  Outputs 

•  Logic  Inputs/Outputs  are  CMOS  or  TTL  Compatible 

•  No  Zero  or  Full-Scale  Adjustment  Required 

•  Ratiometrtc  Operation,  or  Uses  Reference  Voltage  Up 
toVcc 

•  Overflow  Output  Available  for  Cascading 

•  Pin  and  Function  Compatible  with  ADC0820,  AD7820 

•  Conversion  Speed  1.5|xs 

ORDERING  INFORMATION! 


PACKAGE 


HERMETIC  DIP 


PLASTIC  DIP 


OPERATING 
TEMPERATURE 
RANGE 


PM0820AR* 
PM0820BR* 
PM0820ER 
PM0820FR 


PM0820GP 
PM0820HP 


MIL 
MIL 
[ND 
tND 
COM 
COM 


*  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /883  after  part 

number.  Consult  factory  (or  883  data  sheet 
t  Bum-in  is  available  on  commercial  and  industrial  temperature  range  parts  In 

cerdip,  plastic  dip  and  TO-can  packages.  For  ordering  information,  see  1S88 

Data  Book,  Section  2. 


GENERAL  DESCRIPTION 

The  PM-0820  is  an  8-blt  resolution  analog-to-digital  conver- 
ter, with  digital  inputs  and  outputs  designed  for  ease  of  use  in 
microprocessor-based  systems.  A  half-flash  conversion  tech- 
nique is  used,  with  the  input  signal  tracked  and  held  by  on-chip 
circuitry.  No  external  sample-and-hold  amplifier  is  needed  for 
input  signals  moving  at  less  than  100m\%s. 

This  CMOS  device  offers  1 .S\ls  conversion  time  and  uses  only 
75mW  of  power.  It  is  ideally  suited  to  a  variety  of  A/D  applications 
where  high  speed,  low  power,  ease  of  use,  and  economy  of 
space  are  required. 

PIN  CONNECTIONS 
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This  preliminary  product  Information  Is  based  on  testing  of  a  limited  number  of  devices.  Final  specifications  may  vary.  Please  contact  local 
sales  office  or  distributor  for  final  data  sheet 
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PM-0820  CMOS  HIGH-SPEED  8-BIT  A/D  CONVERTER  —  PRELIMINARY 


SELECTED    ELECTRICAL   CHARACTERISTICS  at 

Vcc  =  +5V,  VREF+  =  5V,  Vref-  =  GND,  Full  operating 
temperature  range. 

Resolution   8  Bits 

Total  Unadjusted  Errors 

(offset,  full-scale  linearity)    ±1/2  LSB  (grades  A,  E,  G) 

  ±1  LSB  (grades  B,  F,  H) 

Reference  Input  Voltage  Range   GND  to  Vcc 

  (withVREF+>VREF_) 

Input  Voltage    Vcc  +  0.1V  to  GND -0.1V 

Logic  Inputs  and  Outputs  Compatibility   TTL  &  5V  CMOS 

Conversion  Time: 

WR-RDMode(pin7  =  Vcc)    Limit  1.5(is 

RD  Mode  (pin  7  =  0V)    Limit  2.5(is 

Access  Time: 

WR-RD  Mode,  tiR  >  0,  Load  15pF   Limit  120ns 

Output  Disable  Time: 
RD  HIGH  to  Output  Hi-Z   Limit  200ns 


FIGURE  1:  Basic  Hook- Up 
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RGURE  2:  RD  Mode  (Pin  7  is  Low) 
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FIGURE  3:  WR-RD  Mode  (Pin  7  Is  High  and  t1R  >  0) 
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RGURE  4:  WR-RD  Mode  (Ptn  7  is  High)  Stand-Alone  Operation 
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PMI)  PM-7574 

CMOS  MICROPROCESSOR-COMPATIBLE 
8-BIT  A/D  CONVERTER 


Precision  iYloiiolithics  Inc. 


FEATURES 

8-Bit  Resolution  and  Accuracy 


No  Missing  Codes  Over  Full  Temperature  Range 

15/iS  Conversion  Time 

Flexible  pP  Interface 

5mA  Maximum  Standby  Current 

Low  Cost 

Pin  and  Function  Compatible  With  AD7574 


ORDERING  INFORMATION! 

 PACKAGE:  18-PIN  DIP  AND  SO  

MILITARY*  INDUSTRIAL '  COMMERCIAL 

TEMPERATURE  TEMPERATURE  TEMPERATURE 

INL         DNL            -55»C  -40*C  0"C 

(LSB)       (LSB)        TO+12S°C  TO  +85°C  TO70*C 

±1/2  ±3/4  PM7574AX  PM7574EX  PM7574GP 
±3/4  ±7/8  PM7574BX  PM7574FX  PM7574HP 
±1/2         ±3/4  —  —  PM7574GStt 

*  For  devices  processed  In  total  compliance  to  MIL-STD-883,  add  /S83  alter 

part  number.  Consult  lactory  for  683  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip.  andTO-can  packages.  For  ordering  information,  see  1988 
Data  Book,  Section  2. 
tt  For  availability  and  burn-In  information  on  SO  and  PLCC  packages, 
contact  your  local  sales  oflice. 

GENERAL  DESCRIPTION 

The  PM-7574  is  a  monolithic  CMOS  successive-approximation 
analog-to-digital  converter.  When  used  with  a  550kHz  clock,  a 
conversion  time  of  15us  is  achieved,  with  full  accuracy  over  the 
operating  temperature  range. 

The  PM-7574  outputs  use  3-state  logic,  allowing  direct  connec- 
tion to  the  data  bus  or  system  input  port.  Active-LOW  chip 


select  (CS)  and  read/write  (RD)  inputs  are  used  to  control  all 
operations.  This  simplicity  permits  the  PM-7S74  to  be  used  as  a 
memory-mapped  input  device.  Depending  on  the  control 
timing  waveforms,  the  PM-7574  is  interfaced  like  static  RAM, 
ROM,  or  slow  memory. 

The  low  power  consumption  of  the  PM-7574  is  derived  from  a 
single  +5V  supply.  A  negative  reference  voltage  must  also  be 
supplied.  Optimum  accuracy  is  achieved  when  the  reference  is 
at  -10.00V  with  low  output  resistance.  For  a  low-cost  precision 
-10V/-10.24V  reference,  ask  your  PMI  sales  representative 
about  the  REF-08. 

With  itson-board  comparator,  interface  logic,  optional  internal 
clock,  and  +5V  operation,  the  PM-7574  is  the  ideal  low-cost 
solution  for  microprocessor-based  8-bit  A/D  systems. 

For  new  designs,  PMI's  ADC-908  is  pin-and-funclion  com- 
patible with  the  PM-7574,  but  offers  faster  conversion  time  and 
faster  microprocessor  bus  interface  timing. 

PIN  CONNECTIONS 


«Do[[  •* 

Ta]  OGND 
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»]  CLK 

33  CS 

is]  RD 

agnd[T 

14]  BUSY 

oar imsb)  fT 

TJ}DBO(L8B) 

OB»fT 

TlJOBI 

DB»[T 

TT]  D82 

DB4(T 

To)DB3 

18-PIN  CERDIP 
(X-Suffix) 

18-PIN  PLASTIC  DIP 
(P-Suffix) 

18-PIN  SOL 
(S-Suffix) 
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FUNCTIONAL  DIAGRAM 
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ABSOLUTE  MAXIMUM  RATINGS 

(Ta  =  +25"C,  unless  otherwise  noted.) 

VDDtoAGND  0V.+7.0V 

VDDtoDGND  0V.+7.0V 

AGND  to  DGND  -0.3V,  VDD 

CS.  RD  to  DGND  -0.3V.  VD0  +  0.3V 

DB0-DB7  to  DGND   -0.3V,  VDD 

CLK,  BUSY  to  DGND  -0.3V.  VDD 

Bof&Ain-.   +20V 

VREF  0V.-20V 

Operating  Temperature  Range 

PM-7574AX,  BX  -  55"C  to  +125°C 

PM-7574EX.  FX  -4VC  to  +85"C 

PM-7574GR  GS.  HP  0"C  to  +70°C 


Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)  +300°C 

Power  Dissipation  (Package) 
Ceramic  (Suffix  X)  and  Plastic  (Suffix  P) 

To+75°C   450mW 

Derate  Above +7S°C  by   6mW/°C 

Derate  Plastic  Above +70°C  by  8.3mW/°C 

Small  Outline  Wide 

To+70°C   400mW 

Derate  Above  70°C  by  10mW7°C 

NOTE: 

Digital  pins  are  Zcncr  protected.  However,  proper  ESO  handling  precautions  are 
recommended. 


ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V,  VREF  =  -10V,  Unipolar  Configuration,  RCLk  =  ISOka  CClk  =  100pF; 
-40°C  <  TA  <  +85°C  for  PM-7574E/F,  0°C  <  TA  <  +70°C  for  PM-7S74G/H,  -55°C  <  TA  <  +125°C  for  PM-7574A/B.  unless 
otherwise  noted. 


PM-7574 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ACCURACY 

Resolution 

N 

8 

Bits 

Integral 

INL 

A/E/G  Grades 

-1/2 

+1/2 

LSB 

Nonlinearity 

B/F/H  Grades 

-3/4 

+3/4 

Differential 

DNL 

A/E/G  Grades 

-3/4 

+3/4 

LSB 

Nonlinearity 

B/F/H  Grades 

-7/8 

+7/8 

A/E/G  Grades  TA  =  +25'C 

-3 

+3 

Gain  Error 

GFS£ 

TA  =  Full  Temp  Range 
B/F/H  Grades  TA=+25»C 

-4.5 
-5 

+4.5 
+S 

LSB 

TA  -  Full  Temp  Range 

-6.5 

+6.5 

A/E/G  Grades  TA  =  +25'C 

-30 

+30 

Offset  Error 

VjSE 

TA  =>  Full  Temp  Range 
B/F/H  Grades  TA=+25°C 

-50 
-60 

+50 
+60 

mV 

TA=  Full  Temp  Range 

-80 

+80 

ANALOG  INPUTS 

Resistance  Mismatch 
B0FS  to  AIN 

-1.5 

+1.5 

% 

Input  Resistance 
atVREF(Note1) 

RREF 

5 

15 

kll 

Input  Resistance 
at  B  of  5,  A,N 

RBOFS 

10 

30 

kit 

Reference  Voltage 

Vref 

Specified  Conversion  Accuracy 

-10 

V 

Reference  Voltage  Range 

Vref 

Degraded  Conversion  Accuracy 

-5 

-15 

V 

Reference  Current 
(Note  6) 

'ref 

Conversion  Complete 
Prior  to  Reset. 

2.4 

mA 

Nominal  Analog 

Input  Range 

V,NU 

0tO+|V„EFl 

V 

Unipolar  Mode 

-|VMf|  to  +|VBEF| 

Bipolar  Mode 

LOGIC  INPUTS 

Input  HIGH  Voltage 
RD.  CS  Inputs 

V,H 

2.4 

V 

Input  LOW  Voltage 

0.8 

V 

RD,  CS  Inputs 

VlL 
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ELECTRICAL  CHARACTERISTICS  at  VDD  =  +5V,  VREf  =  -10V,  Unipolar  Configuration,  RCLk  =  150kn,  CClk  =  100pF; 
-40°C  <  TA  S  +85"C  for  PM-7574E/F,  0°C  <  TA  <  +70"C  for  PM-7574G/H,  -55°C  <  TA  <  +12S°C  for  PM-7574A/B,  unless 
otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-7574 
TVP 

MAX 

UNITS 

Input  Current 
RD,  CS  Inputs 

l|N 

TA  =  +25'C 

TA  -  Full  Temp  Range 

_ 

1 

10 

("A 

Input  Capacitance 
RD,  CS  Inputs  (Note  6) 

5 

pF 

Input  HIGH  Voltage, 
Clock  Input 

V,H 

3 

V 

Input  LOW  Voltage, 
Clock  Input 

VtL 

0.4 

V 

Input  HIGH  Current. 
Clock  Input 

'lh 

2 

mA 

Input  LOW  Current. 
Clock  Input 

■iL 

TA  =  +25"C 

TA  =  Full  Temp  Range 

1 

10 

(lA 

LOGIC  OUTPUTS 

Output  HIGH  Voltage 
BUSY,  DBO-7 

V0H 

•source  =  *0mA 

4.0 

V 

Output  LOW  Voltage 
BUSY,  O80-7 

Vol 

'sink  =  1-6'"A 

0.4 

V 

Floating  Leakage 
Current,  D80-7 

'lkq 

TA=+2S«C 

TA  =  Full  Temp  Range 

1 

10 

«A 

Floating  State 
Output  Capacitance 

(Nole  6) 

7 

PF 

POWER  REQUIREMENTS 

Standby  Current 

>OD 

VOD=+4.75Vto+5.2SV 

5 

mA 

DIGITAL  INTERFACE  TIMING 

CS  Minimum 
Pulse  Width  (Note  6) 

•cs 

TA=+2S'C 

TA  =  Full  Temp  Range 

too 

150 

ns 

RDtoCS 

Setup  Time  (Note  6) 

'wscs 

0 

ns 

CS  to  BUSY 
Propagation 
Delay  (Note  B) 

'CBPO 

BUSY  Load  =  20pF 
TA  =  +2S°C 

TA  ~  TMIN 
TA  "  TMAX 
BUSY  Load  =  100pF 
TA=+25«C 
TA  =  TMIN 
TA  =  TMAX 

120 
120 
180 

150 
1S0 
200 

ns 

BUSY  to  RD 
Setup  Time  (Notes  2. 6) 

*BSR 

0 

ns 

BUSY  IOCS 
Setup  Time  (Note  6) 

'BSCS 

0 

ns 

Data  Access  Time 
(Note  B) 

fRAO 

CL  =  20pF 
TA=+2S'C 

TA  =  TMIN 
TA  =  TMAX 
CL  = lOOpF 
TA  =  +25'C 
TA  -  TMIN 
TA  ~  TMAX 

150 
ISO 
220 

300 
300 
400 

ns 

Data  Hold  Time 
(Notes  3, 6) 

'hhd 

TA  =  +25°C  (Note  3) 
TA  ~  TMIN 
TA  =  TMAX 

SO 
30 
SO 

120 
80 
140 

ns 

2 


o 
u 

t 

u 
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ELECTRICAL  CHARACTERISTICS  at  VD0  =  +5V,  VREF  =  -10V,  Unipolar  Configuration,  RCLK  =  150kX),  CClk  =  100pF; 
-40°C  <  TA  <  +85°C  tor  PM-7574E/F,  0°C  <  TA  <  +70°C  for  PM-7574G/H,  -55*0  <  TA  <  +125°C  for  PM-7574A/B.  unless 
otherwise  noted.  (Continued) 

PM-7574 

PARAMETER  SYMBOL         CONDITIONS  MIN  TYP  MAX  UNITS 


CS 10  RD  Hold 
Time  (Note  6) 


TA=  +25-C 
TA  =  TM1N 

Ta  =  Tmax 


250 
200 
S00 


Reset  Time 
Requirement  (Note  6) 


Conversion  Time 
(Note  4) 
(Notes  4, 5, 6) 


Convert 


Static  RAM  Mode 
External  Clock 
I  =  550kHz 

ROM  Mode 
Internal  Clock 


15 
17 


RD  HIGH  to  BUSY 
Propagation  Delay, 
ROM  Mode 
(Notes  4. 5. 6) 


'wbpd 


CL  =  20pF 
TA=+25°C 


Ta=T, 


MAX 


1.5 

1.0 

2.0 


NOTES: 

1.  For  optimum  gain  accuracy  over  the  full  temperature  range,  the  source 
resistance  at  pin_2  should  be  kept  low.  

2.  In  ROM  mode,  RD  can  go  LOW  prior  to  BUSY  =  HIGH,  but  must  not  return 
HIGH  until  BUSY  =  HIGH. 

3.  Output  loading  10pF.  A3ka  pullup  resistor  to+5Vis  used  for  V0Lto  High-Z: 
for  VqhIo  High-Z.  a  3kll  pulldown  to  GND  is  used.  Measured  to  0.5V  output 
change. 

BURN-IN  CIRCUIT 


When  using  the  PM-7574  internal  oscillator,  actual  conversion  time  depends 

on  clock  resistor  and  capacitor  as  well  as  temperature. 

ROM  interface  mode  conversion  times  are  typically  2ps  longer  than 

conversion  times  for  other  modes,  but  the  ROM  interface  mode  includes  an 

automatic  reset  In  the  conversion  time. 

Guaranteed  but  not  tested. 


rJUlfUL"— 

;_run_- 
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WAFER  TEST  LIMITS  at  VDD  =  +5V,  VREF  =  -10.000V,  AGND  =  DGND  =  0V,  TA  =  +25°C,  unless  otherwise  noted.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

PM-7574G 
LIMIT 

UNITS 

DIGITAL  OUTPUTS 

Output  HIGH  VOItage 
BUSY,  DBO-7 

V0H 

'source  =  "Of* 

4 

VMIN 

Output  LOW  Votlage 
BUSY,  DBO-7 

Vol 

lsiNK  =  1«mA 

0.4 

VMAX 

Floating  Leakage  Current 

'lkq 

1 

POWER  REQUIREMENTS 

Standby  Current 

'do 

V0D  =  +4.75V  to  5.25V 

5 

mA  MAX 

TIMING 

Conversion  Time 

'convert 

Static  RAM  Mode.  External  Clock,  I  =  550kHz' 

15 

MS  MAX 

NOTE: 

Electrical  testa  are  performed  at  water  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  alter  packaging  is  not  guaranteed 
tor  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


GENERAL  CIRCUIT  INFORMATION 

The  PM-7574  is  an  8-bit  analog-to-digital  converter  which  uses 
a  successive  approximation  technique  to  convert  an  unknown 
analog  input  into  a  digital  code  output.  The  control  logic  inputs 
allow  easy  interface  to  most  microprocessors  while  three-state 
outputs  allow  direct  connection  to  the  data  bus.  Most  appli- 
cations require  only  passive  RC  clock  components,  a  —10V 
reference,  and  a  +5V  power  supply.  The  RC-timed  internal 
clock  may  be  used,  or  an  external  clock  may  be  applied  to  the 
ADC  to  maximize  performance. 

When  a  Start  Conversion  command  is  applied  to  theCSor  RD 
inputs  (see  Operating  Descriptions  for  details),  BUSY  goes 
LOW  indicating  a  conversion  in  progress.  BUSY  may  be  used  as 
an  interrupt  to  halt  the  controlling  microprocessor  during 
conversion  or  may  be  polled  to  prevent  premature  data  reads. 

Starting  with  the  most  significant  bit  (MSB),  each  successive  bit 
in  the  DAC  is  turned  on  (see  Figure  1).  The  comparator  then 
decides  if  the  DAC  output  is  less  than  or  greater  than  the  signal 
being  converted,  and  that  bit  is  latched  on  or  off,  respectively, 
before  proceeding  to  the  next  lower  bit  and  repeating  the  cycle. 
When  all  eight  bits  have  been  tested,  BUSY  goes  HIGH, 
signaling  a  completed  conversion. 


Under  control  of  the  RD  input,  the  three-state  data  outputs 
(D0-D7)  change  from  high-impedance  to  presenting  the  new 
conversion  results  to  the  data  bus.  Following  the  data  read,  RD 
returns  HIGH  resetting  theSAR  to  1000  0000  and  preparing  the 
ADC  for  its  next  conversion. 

APPLICATIONS  INFORMATION 

The  PM-7574  may  be  interfaced  as  if  it  were  a  static  RAM,  a 
ROM,  or  a  slow-memory  device.  Each  of  these  interface  modes 
has  its  own  timing  and  software  requirements  as  described 
below.  These  requirements  must  be  rigidly  met,  as  improper 
timing  may  cause  the  PM-7574  to  change  modes. 

HOW  TO  CHOOSE  AN  OPERATING  MODE 

The  static-RAM  interface  mode  offers  advantages  in  a  tightly 
controlled  hardware  and  software  environment,  where  the 
relationship  between  WRITE  and  READ  instruction  pairs  is 
certain.  As  long  as  minimum  timing  is  satisfied,  converted  data 
may  be  read  at  any  convenienttime  after  conversion.  The  use  of 
separate  commands  to  start  a  conversion,  and  then  read  the 
results,  is  conceptually  easy.  However,  if  the  software  is  subject 
to  uncontrolled  modifications,  then  the  paired  relationship 
between  WRITE  and  READ  instructions  may  be  lost.  The 


FIGURE  1:  D/A  Converter  Used  in  PM-7574 
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resulting  software  bugs  may  result  in  converted  data  of 
unknown  age,  or  altogether  Invalid  data  being  read. 

By  contrast,  the  ROM  mode  may  be  more  resistant  to  software 
bugs.  As  long  as  minimum  timing  Is  satisfied,  each  READ 
Instruction  obtains  new,  valid  data.  However,  since  the  data 
output  at  any  previous  READ  Instruction  Is  obtained  from  a 
conversion  performed  Just  after  the  previous  READ  Instruction, 
data  may  be  out-of-date.  To  be  sure  of  obtaining  up-to-date 
data,  READ  Instructions  may  be  coded  In  pairs  (with  some 
NOPs  between  them);  use  only  the  data  from  the  second  READ 
In  each  pair.  The  first  READ  starts  the  conversion,  acting  as  a 
substitute  for  the  static-RAM  mode  WRITE  command;  the 
second  READ  gets  the  results.  The  advantage  of  the  ROM  mode 
is  the  use  of  a  single  command,  rather  than  the  alternating 
READ-WRITE  required  by  static-RAM  mode. 

The  slow-memory  mode  Is  the  simplest  mode  of  all.  It  Is  the 
method  of  choice  where  compact  coding  Is  essential,  or  where 
software  bugs  are  a  hazard.  In  this  mode,  a  single  READ 
Instruction  will  Initiate  a  data  conversion,  Interrupt  the  micro- 
processor until  completion  (WAIT  states  are  introduced),  then 
read  the  results.  If  the  system  throughput  tolerates  WAIT  states, 
and  the  hardware  Is  correct,  then  the  slow-memory  mode  Is 
virtually  immune  to  subsequent  software  modifications. 

OPERATING  DESCRIPTION:  STATIC-RAM  MODE 

In  this  mode,  input  CS  Is  derived  from  the  PM-7574  address 
decoder,  and  input  RD  Is  derived  from  an  actlve-LOW  memory 
READ  signal.  (See  Figure  2.) 

To  start  a  conversion,  execute  a  memory  WRITE  to  the  PM-7574. 
The  completed  conversion  data  is  obtained  by  executing  a 
memory  READ  to  the  PM-7574.  During  conversion,  output 
BUSY  will  be  LOW.  Do  not  attempt  to  read  data  until  BUSY 
returns  HIGH.  The  required  minimum  time  between  WRITEand 
READ  Is  usually  obtained  by  including  one  or  more  NOP  or 
other  program  instructions.  The  use  of  branch  or  conditional 


commands  between  the  WRITE  and  READ  instructions  is  not 
recommended  due  to  the  possibility  of  software  bugs. 

It  Is  Important  that  the  WRITE  and  READ  commands  be 
alternately  executed.  A  WRITE  Instruction  has  no  effect  unless 
the  results  of  the  previous  WRITE  have  already  been  read.  Once 
data  has  been  read,  the  PM-7574  Is  internally  reset.  In  other 
words,  two  or  more  READ  operations  cannot  be  used  in 
succession,  since  only  the  first  READ  will  produce  valid  data.  A 
new  conversion  must  be  started  using  WRITE,  and  the  con- 
version must  be  completed,  before  a  new  READ  will  produce 
valid  data. 

TABLE  1:  Truth  Table,  Static  RAM  Mode 


INPUTS 
CS  RD 

OUTPUTS 
BUSY  DB7-DB0 

PM-7574  OPERATION 

H 

"L 

HIGH-Z 

Start  Convert 
(Write  Cycle) 

L 

H 

HIGH-Z  to 
DATA 

Read  Data  (Read  Cycle) 

L 

_r 

H 

DATA  to 
HIGH-Z 

Reset  Converter 

H 

X 

(Note  1) 

X 

HIGH-Z 

No  Effect  (Not  Selected) 

L 

H 

L 

HIGH-Z 

No  Effect 
(Converter  Busy) 

L 

1_ 

L 

HIGH-Z 

No  Effect 
(Converter  Busy) 

L 

J~ 
(Notel) 

L 

HIGH-Z 

Conversion  Error 
Not  Allowed 

NOTE  1:  It  RD  goes  LOW  to  HIGH,  the  ADC  is  internally  reset,  regardless  of  the 
states  ol  CS  or  BUSY. 


FIGURE  Z  Static  RAM  Mode  Timing  Diagram 
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OPERATING  DESCRIPTION:  ROM  MODE   

In  ROM  mode,  input  CS  is  tied  LOW,  and  input  RD  is  derived 
from  the  PM-7574  address  decoder.  To  satisfy  timing,  it  is 
recommended  that  the  decoder  be  enabled  by  a  system 
MEMRD  (8080),  VMA  (6800),  or  similar  strobe.  (See  Figure  3.) 

TABLE  2:  Truth  Table,  ROM  Mode 


INPUTS 

OUTPUTS 

PM-7574  OPERATION 

CS 

RD 

BUSY 

DB7-DB0 

L 

H 

HIGH-Z  to 
DATA 

Read  Data 

L 

_r 

~L 

DATA  to 
HIGH-Z 

Reset  and  Start 
New  Conversion 

L 

L 

HIGH-Z 

No  Effect 
(Converter  Busy) 

L 

_r 

(Notel) 

L 

HIGH-Z 

Conversion  Error 
Not  Allowed 

NOTE  1:  If  RDgoesLOW  toHIGH,  the  ADC  is  internally  reset,  regardless  of  the 
states  of  CS  or  BUSY . 


In  ROM  mode,  data  is  read  by  executing  a  READ  instruction  to 
the  PM-7574 address.  At  the  conclusion  of  the  READ  instruction, 
the  PM-7574  automatically  resets  itself  and  then  proceeds  to 
perform  a  new  data  conversion.  Output  BUSY  is  LOW  during 
conversion.  A  new  READ  instruction  to  the  PM-7574  must  not 
be  executed  until  BUSY  returns  HIGH.  This  requirement  may 
be  met  by  inserting  NOP  or  other  program  instructions  between 
consecutive  READ  operations.  Conditional  or  branch  instruc- 
tions may  be  used,  but  keep  in  mind  that  data  may  become 
out-of-date  if  excessive  time  elapses  between  consecutive 
READ  instructions. 

OPERATING  DESCRIPTION:  SLOW-MEMORY  MODE 

The  slow-memory  mode  is  intended  for  systems  in  which  the 
PM-7574  BUSY  output  is  used  as  an  interrupt  to  force  the 
microprocessor  into  WAIT  states  during  data  conversion. 

In  slow-memory  mode,  Inputs  CS  and  RDare  tied  together.  The 
common  RDand  CSsignal  is  derived  from  the  PM-7574  address 
decoder.  To  satisfy  the  timing  requirements,  it  is  advisable  to 
latch  the  address  using  ALE  (8085)  orSYNC  (8080).  For 8080  or 
8085-based  systems,  connect  the  microprocessor  READY 
input  to  the  PM-7574  BUSY  output.  (See  Figure  4.) 


FIGURE  3:  ROM  Mode  Timing  Diagram  (CS  Held  LOW) 
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FIGURE  4:  Slow-Memory  Mode  Timing  Diagram  (CS  and  RD  Tied  Together) 
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TABLE  3:  Truth  Table,  Slow-Memory  Mode 


FIGURE  S:  Using  an  External  Clock 


INPUTS 
CS&RD 

OUTPUTS 
BUSY  DB7-DB0 

PM-7574  OPERATION 

H 

H 

HIGH-2 

No  Effect  (Not  Selected) 

1_ 

"L 

HIGH-Z 

Start  Conversion 

L 

HIQH-Z 

Conversion  In  Progress. 
mP  in  WAIT  State 

L 

_r 

HIQH-Z  to 
DATA 

Conversion  Complete. 
Read  Data 

(flofel) 

H 

DATA  to 
HIQH-Z 

Reset  and  Deselect 
Converter 

N0TE1:  If  Rp"goei  LOW  to  HIGH,  tho  ADC  la  Internally  reaet.  regardleaaol  the 
atatesof  ClSor§Us7. 

Do  not  execute  a  WRITE  Instruction  at  the  PM-7574  address 
when  In  slow-memory  mode,  since  bus  conflicts  will  arise.  In 
some  architectures,  an  accidental  WRITE  Instruction  may  be 
locked  out  In  hardware,  by  proper  strobing  of  the  PM-7574 
address  decoder. 

INITIALIZATION 

In  all  operating  modes,  the  PM-7574  Is  initialized  by  executing  a 
READ  instruction  to  the  PM-7574  address.  The  data  obtained 
should  be  ignored. 

CLOCK  OSCILLATOR 

The  PM-7574  may  be  used  with  its  internal  asynchronous  clock 
oscillator  An  external  resistor  and  capacitor  are  required. 
Typical  values  are  R  =  150kfi  and  C  =  100pF,  for  conversion 
times  in  the  15/is  range.  For  applications  in  which  the  fastest 
conversion  times  are  required,  an  external  clock  is  recom- 
mended. The  external  clock  must  be  gated  by  the  use  of  a 
74Cl25-type  three-state  buffer,  with  an  output  pullup  resistor. 
Optimum  conversion  accuracy  is  obtained  when  CSgoes  LOW 
on  a  positive  clock  edge.  The  maximum  external  clock  fre- 
quency is  550kHz.  (See  Figure  5  and  6.) 


FIQURE  S:  Using  the  Internal  Clock  Oscillator 


o 


cut 

PM-7JT4 


14  row 
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REFERENCE  VOLTAQE 

A  negative  reference  voltage  must  be  applied  to  the  PM-7574 
VREF  Input.  Optimum  full-scale  accuracy  is  obtained  using 
-10.00V,  although  VREF  may  be  -5.00V,  -10.24V,  or  other 
voltages  within  Its  specified  range. 

Over  the  full  temperature  range,  optimum  gain  accuracy  is 
obtained  when  the  input  to  the  VREF  pin  Is  from  a  low- 
impedance  source.  A  resistor  or  trimmer  may  be  used  In  series 
with  the  VREF  pin,  but  this  trim  technique  Is  not  as  accurate  as  a 
low-Impedance  source.  (See  Figure  7.) 

For  a  cost-effective  -10.00V  or —10.24V  reference  with  excellent 
accuracy  and  low  temperature  coefficient,  ask  for  PMI's  REF- 
08.  Consult  your  sales  representative  for  availability. 

FIQURE  7:  Unipolar  Operation 


0V  TO  +10V 
ANALOO  INPUT  q. 


ANALOG 
OROUNO 


OBOUND INTEHTIE 


"I 

DIGITAL 
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ANALOG  INPUT  VOLTAGE 

The  PM-7574  unipolar  operation  is  obtained  when  the  analog 
input  voltage  is  between  OV  and  I  VREF|.  With  the  AIN  and  BOFS 
pins  tied  together,  input  OV  will  correspond  to  code  0000  0000, 
and  input  full-scale  will  correspond  to  code  11111111. 

Bipolar  operation  is  obtained  by  using  the  B0fs  input  to  offset 
the  A|N  Input  voltage.  For  example,  with  VHEF  =  —10V,  an  offset 
voltage  of  +10V  may  be  applied  to  B0fs-  The  analog  signal 
range  will  then  be  -10V  to  +10V  at  A,N.  Code  00000000  will 
correspond  to  -10V,  and  positive  full  scale  will  be  code 
1111 1111.  Calibration  may  be  performed  using  trimmers  in 
series  with  AIN  and  B0fs-  (See  Figure  8). 

Another  method  of  obtaining  bipolar  operation  is  to  use  an 
op  amp  with  gain  =  -1/2,  to  sum  the  analog  signal  with  the 
reference  voltage.  With  a  -10V  reference  and  -10V  to  +10V 
analog  signal,  the  op  amp  output  will  then  be  0V  to -H0V.  This 
signal  is  then  treated  as  an  ordinary  unipolar  input  to  the  PM- 
7574.  With  this  arrangement,  input  +10 V  corresponds  to  code 
0000  0000,  and  negative  full-scale  corresponds  to  code 
11111111. 

UNIPOLAR  BINARY  OPERATION 

Figure  7  shows  the  analog  circuit  connections  for  unipolar 
operation.  The  REF-08  supplies  the  necessary  -10V  reference 
input 

Calibration  for  offset  should  be  made  before  gain  calibration  is 
attempted. 

Offset  calibration  must  be  performed  in  the  signal  conditioning 
circuitry  which  drives  the  AIN  input 

To  adjust  offset: 

1)  Apply  -39.1mV  (1  LSB)  to  the  input  of  the  buffer  amplifier 
driving  AIN. 

2)  While  performing  continuous  conversions,  adjust  the  buffer 
amplifier's  offset  adjustment  potentiometer  until  DB7  to  DB1 
are  LOW  and  DB0  (LSB)  flickers. 


Following  offset  calibration,  full  scale  gain  can  be  calibrated: 

1)  Apply  -9.961V  to  the  input  of  the  buffer  amplifier. 

2)  While  performing  continuous  conversions,  adjust  the  ref- 
erence trim  pot  until  DB7  to  DB1  are  HIGH,  and  DBO  (LSB) 
flickers. 

BIPOLAR  OPERATION 

Offset  Binary— Figure  8  shows  a  circuit  for  offset  binary  bipolar 
operation.  Offset  correction  should  be  made  at  the  buffer 
amplifier  driving  AIN.  Gain  error  correction  should  be  ac- 
complished by  adjusting  VREF. 

To  calibrate  this  circuit 

1)  Adjust  R1  until  VREF  =  -10.00V. 

2)  Adjust  R2  and  R3  to  their  mid-points. 

3)  Apply  +10.000V  to  the  input  buffer  amplifier. 

4)  While  performing  continuous  conversions,  adjust  R2  until 
DB7  to  DB1  are  LOW  and  DBO  (LSB)  flickers. 

5)  Ground  the  input  of  the  input  buffer  circuit. 

6)  While  performing  continuous  conversions,  adjust  R3  until 
the  ADC's  output  code  flickers  between  0111 1111  and 
1000  0000. 

7)  Apply  -10.000V  to  the  signal  input 

6)  While  performing  continuous  conversions,  adjust  R1  until 

DB7  to  DB1  are  LOW  and  the  DBO  (LSB)  flickers. 
9)  Apply  +9.922V  to  the  signal  input 
10)  If  the  ADC  output  code  is  not  1111 1 1 10  ±1  bit,  repeat  the 
calibration  procedure,  omitting  step  1. 

Complementary  Offset  Binary— Figure  9  shows  a  comple- 
mentary offset  binary  circuit.  In  this  bipolar  mode,  the  +10V  to 
—10V  analog  input  isconditioned  to  a  0  to  +10V  signal  range  for 
normal  unipolar  conversion. 

In  calibrating  this  circuit,  adjust  offset  before  gain. 

Offset  Adjustment 

1)  Adjust  R1  until  VHEF  = -10.000V. 


FIGURE  8:  Offset  Binary  Operation 
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FIGURE  9:  Complementary  Offset  Bipolar  Operation 
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2)  Adjust  R3  to  its  mid-point. 

3)  Adjust  R2  until  its  tap  is  at  0V. 

4)  Ground  the  analog  input. 

5)  While  performing  continuous  conversions,  adjust  R2  until 
the  ADC  output  flickers  between  01 1 11 111  and  1000  0000. 

Gain  Adjustment: 

1)  Apply  +9.922V  across  the  analog  input. 

2)  While  performing  continuous  conversions,  adjust  R3  until 
DB7  to  DB1  are  HIGH  and  DB0  (LSB)  flickers. 

DIGITAL  CONSIDERATIONS 

Control  Timing— Fresh  data  from  a  recent  conversion  must  be 
read  before  beginning  a  new  conversion.  Following  the  data 
READ,  as  RD  goes  HIGH,  it  resets  the  SAR  and  clears  the  data 
from  the  previous  conversion. 

The  timing  restrictions  detailed  in  the  interface  timing  diagrams 
must  be  observed  to  prevent  the  PM-7574  from  changing 
interface  modes.  For  example,  if  CS  is  held  LOW  too  long  while 
in  RAM  mode,  the  converter  will  change  to  ROM  mode  and 
initiate  a  new  conversion. 

Logic  Deglitching— Unrelated  activity  on  the  address  bus  may 
cause  unexpected  glitch  inputs  to  the  ADC.  The  glitches  may 
cause  unwanted  READS,  resets,  or  conversions.  In  ROM  or 
RAM  modes,  thesejpay  be_  avoided  by  gating  the  address 
decode  logic  with  RD  or  WR  (8080)  or  VMA  (6800).  In  slow- 
memory  mode,  ALE  (8085)  or  SYNC  (8080)  may  be  used  to 
latch  the  address. 

Initialization— Following  power-up,  the  SAR  is  in  an  unknown 
state.  Executing  a  memory  READ  (disregard  the  data)  will  reset 
the  ADC. 


ANALOG  CONSIDERATIONS 

Analog  Input  Impedances— Low  impedance  sources  must  be 
used  to  drive  the  VREF,  A|N,  and  B0fs  inputs.  Excessive  source 
impedances  may  cause  errors  due  to  the  loading  effects  of  the 
inputs'  finite  impedances. 

Ground  Management— AGND  and  DGND  pins  should  be 
connected  at  or  near  the  ADC  to  minimize  noise  effects.  If  the 
two  grounds  cannot  be  connected  near  the  ADC,  the  grounds 
should  be  clamped  with  back-to-back  Schottky  diodes  between 
the  AGND  and  DGND  pins. 

Offset  Correction— Conversion  offset  errors  may  be  corrected 
by  counter-offsetting  the  buffer  amplifier  driving  AIN.  This 
offset  correction  may  be  accomplished  by  applying  a  correction 
current  to  the  buffer's  summing  junction  or  by  tapping  a  voltage 
divider  sitting  between  VDD  and  VREF,  and  applying  this  tap 
voltage  to  the  noninverting  input  of  the  buffer. 

Ratiometric  Operation— The  R-2R  type  DAC  in  the  PM-7574 
permits  ratiometric  operation  of  the  ADC.  Performance  de- 
gradation may,  however,  occur  as  VREF  varies  from  -10.000V. 
This  decrease  in  performance  is  due  to  comparator  limitations 
including  offset  voltage,  gain,  and  input  noise. 

The  PM-7574  uses  the  reference  as  a  power  supply  for  the 
comparatorto  increase  speed  and  accuracy.  Reference  voltages 
of  a  magnitude  less  than  -9V  must  be  avoided  for  accurate 
comparator  operation.  For  best  accuracy,  the  use  of  a  0.1  /iF 
bypass  capacitor  (Pin  2  to  AGND)  is  recommended. 

Power  Supply  Bypassing— For  best  accuracy,  VDD  (Pin  1) 
should  be  bypassed  to  AGND  with  a  0.1  f»F  capacitor. 
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INTRODUCTION 

Analog  multiplexers  and  switches  find  applica- 
tions in  data  acquisition,  metrology,  telemetry, 
process  control  and  telephony  systems.  Multi- 
plexers are  multiple  analog  switches  which 
share  a  common  output.  An  on-chip  address 
decoder  selects  the  appropriate  input  by  means 
of  a  binary  code.  All  channels  may  be  deacti- 
vated by  an  enable/disable  control  pin. 

In  the  past  multiplexers/switches  have  been 
manufactured  with  hybrid,  monolithic  CMOS  or 
dielectrically  isolated  CMOS  technologies.  The 
merging  of  ion  implant  techniques  with  the 
standard  bipolar  process  creates  a  fourth  tech- 
nological alternative  —  the  bipolar-JFET 
process.  High-quality  ion  implanted  p-channel 
FET's  can  now  be  compatibly  processed  with 
bipolar  devices. 

The  cost  of  hybrid  devices  limits  their  use  to 
applications  which  require  the  extremely  low 
"Ron"  resistance  made  possible  by  discrete 
FETs.  MOS  technologies  are  inherently  plagued 
by  SCR  "latch  up"  problems  and  analog  signal 
overvoltage  destruction.  The  use  of  buried  lay- 
ers and  expensive  dielectric  isolation  processing 
can  eliminate  the  SCR  failure  mode,  but  the 
overvoltage  blowout  problems  can  be  solved 
only  by  adding  large  series  input  resistance  with 
each  switch.  This  increases  system  errors  since 
the  equivalent  "Ron"  may  typically  be  over 
1000  ohms. 

JFET  switches  have  no  SCR  "latch  up"  tendency 
and  can  withstand  analog  input  overvoltages 
while  maintaining  low  "Ron"  resistance.  In 
addition,  the  special  handling  required  with 
CMOS  devices  is  not  necessary  with  JFET 
switches. 

In  selecting  analog  multiplexers,  attention  must 
be  paid  to  several  key  specs.  Break-before-make 
switching  insures  no  two-channel  inputs  are 
simultaneously  connected.  This  prevents  input 
sensor  damage  and  misoperation.  Acquiring 
analog  input  signals  within  a  specified  time  and 
error  band  are  primary  concerns  affected  by 
"Ron"  resistance  and  "Cout"  capacitance  speci- 
fications. A  low  "Ron"  insures  minimum  signal 
attenuation  and  maximum  accuracy.  The 
"Cqut"  capacitance  forms  on  R-C  time  constant 


with  "Ron"  placing  fundamental  limits  on  signal 
acquisition  time.  Low  "Ron"  and  "Cout"  insures 
minimum  elapsed  time  between  the  channel 
select  command  and  the  acquisition  of  data  to 
within  a  specified  error  band.  High  cross  talk 
and  off  isolation  specifications  prevent  unse- 
lected  input  signals  from  affecting  the  signal 
path. 

PMI  offers  a  wide  selection  of  single-ended  and 
differential  multiplexers  and  switches.  Sixteen 
and  eight-channel  multiplexers  as  well  as  differ- 
ential eight  and  four-channel  devices  are  availa- 
ble. Dual  and  Quad  SPST  switches  in  normally 
closed  and  open  configurations  are  also  availa- 
ble. All  devices  are  pin-for-pin  replacements  for 
many  industry  standard  CMOS  devices. 

DEFINITIONS 

Analog  Current  Range  (Ia,  Is)  —  The  minimum 
range  of  currents  the  switch  is  capable  of 
conducting  in  the  ON  state  without  degrading 
ON  resistance.  It  is  measured  as  the  value  of 
conduction  current  that  does  not  cause  more 
than  a  doubling  of  the  Ron  value  for  the 
product  grade. 

Analog  Input  Leakage  Current  (Is(OFF))  —  The 

algebraic  sum  of  diode  current  losses  from  an 
OFF-channel  source  input  to  the  power  supp- 
lies, ground  and  through  the  channel.  Specified 
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as  an  absolute  value,  as  the  direction  of  current 
flow  is  not  predictable. 

Analog  Output  Leakage  Current  (Id(OPF))  —  The 
algebraic  sum  of  diode  current  losses  from  an 
OFF-channel  "D"  output  to  the  power  supplies, 
ground  and  through  the  channel.  Specified  as  an 
absolute  value,  as  the  direction  of  current  flow  is 
not  predictable. 

Analog  Output-To-lnput  Capacitance  (Cos(OFF)) 
—  The  equivalent  capacitance  which  shunts  an 
open  switch  effectively  between  "S"  and  "D" 
output. 

Analog  Input  Capacitance  (Cs(ON)) — The  capac- 
itance between  an  analog  "S"  input  and  ground 
with  the  channel  ON. 

Analog  Input  Capacitance  (Cs(off))  —  The  cap- 
acitance between  an  analog  "S"  input  and  ground 
with  the  channel  OFF. 

Analog  Output  Capacitance  (Co(OFF))  —  The 
capacitance  between  the  analog  (DRAIN)  output 
and  ground  with  the  channel  OFF.  High- 
frequency  transmission  and  output  settling  time 
characteristics  are  highly  influenced  by  this 
parameter  in  conjunction  with  Ron- 

Analog  Output  Capacitance  (Cd(on))  —  The 
capacitance  between  the  analog  "D"  output  and 
ground  with  the  channel  ON. 

Analog  Voltage  Range  (Va)  —  The  range  of 
analog-voltage  amplitudes,  with-respect-to 
ground,  over  which  the  analog  switch  operates 
(ON/OFF)  within  the  Ron  and  leakage  specifica- 
tions —  Is(OFF).  'd(off)  and  Id(ON)  +  's(ON)- 

Break-Before-Make  Delay  Oopen)  —  The 
elapsed  time  between  the  turn-off  of  one  analog 
input  and  the  subsequent  turn-on  of  another 
input  as  determined  by  the  appropriate  instan- 
taneous change  in  the  digital  input  code  for 
both  inputs  measured  between  the  outputs'  50% 
transition  points. 

Channel  Capacitance  (Css(OFF)i  Cdd(OFF))  — 
The  capacitance  between  the  D(S)  terminals  of 
any  two  channels. 


Charge  Transfer  (Q)  —  Charge  transfer  appears 
as  a  voltage  step  (pedestal)  on  the  output  capac- 
itor after  switch  turn  OFF.  The  undesirable 
charge  AC  couples  directly  from  the  logic-control 
driver  to  the  switch  contact. 

Crosstalk  (CT)  —  The  proportionate  amount  of 
cross-coupling  from  an  analog  input  channel  to 
another  output  channel,  expressed  in  dB. 

Digital  Input  Capacitance  (Cqig)  —  The  capa- 
citance between  a  digital  input  and  ground. 

Insertion  Loss  —  Insertion  loss  measures  the 
amount  of  signal  power  absorbed  by  the  switch 
ON  resistance  at  a  given  measurement  fre- 
quency. Insertion  loss  is  defined  in  decibels  as  a 
ratio  of  the  output-voltage  amplitude  (Vo^ver- 
sus  the  input-voltage  amplitude  (Vs)  with  a 
specified  load  impedance. 


Insertion  Loss  (dB)  =  20  log 


IvdI 
|vsl 


At  low  frequencies  this  equation  simplifies  to: 


(rl+Ron) 


Insertion  Loss  (dB)  =  20  logl 


Logic  "0"  Input  Current  (Iin  J  —  The  current 
flowing  into  a  digital  input  when  a  specified  low- 
level  voltage  is  applied  to  that  input. 

Logic  "0"  Input  Voltage  Level  (Vinl)  —  The  max- 
imum (or  most-positive)  digital  low-level  input 
voltage  for  which  proper  operation  of  the  device 
is  guaranteed. 

Logic  "1"  Input  Voltage  Level  (Vinh)  —  The  min- 
imum (or  least-positive)  digital  high-level  input 
voltage  for  which  proper  operation  of  the  device 
is  guaranteed. 

Negative  Voltage  Supply  (V-)  —  The  most  nega- 
tive voltage  supply  with  respect  to  ground. 

Positive  Voltage  Supply  (V+)  —  The  most  posi- 
tive voltage  supply  with  respect  to  ground. 
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OFF  Isolation  (ISO(off))  —  The  proportionate 
amount  of  a  high-frequency  analog  input  signal 
which  is  coupled  through  the  channel  of  an  OFF 
device.  This  feedthrough  is  transmitted  through 
Cds(OFF)  to  a  load  comprised  of  Cq(OFF)  in 
parallel  with  an  external  load.  Isolation  generally 
decreases  by  6dB/octave  with  increasing 
frequency. 

ON  Resistance  (Ron)  —  The  series  ON  - 
channel  resistance  measured  between  "S"  input 
and  "D"  output  terminals  under  specified 
conditions. 

ON  Resistance  Match  (Ron  Match)  —  The 

channel-to-channel  matching  of  ON  resist- 
ance when  channels  are  operated  under  identi- 
cal conditions. 

Ron  Match  =  R|~Ravg  x  100% 


Ravg 


where 


N  =  #  of  channels  in  package  (i.e.,  for  MUX- 

N  =  8,  for  MUX-16  N  =  16,  etc.) 
Ri  =  Each  channel's  ON  resistance 


N 


Ravg  =  Ri 


i  =  1 


l(ON)  Test  Condition  Definitions 


-o-^«-»- 


MULTIPLEXER 


DECODER 

LOGIC 
EN  Ap  Al 


r 


SEQUENCE  EACH 
SWITCH  ON 

NOTES: 

1.  TEST  IS  REPEATED  FOR  EACH  SWITCH  WITH  SOURCE  CON- 
NECTED TO  DRAIN. 

2.  VD  "  MOV  AND  -10V. 


ON  Resistance  Variation  (ARon)  —  The  vari- 
ation of  ON  resistance  produced  by  the  speci- 
fied analog  input  voltage  change  with  a  constant 
load  current. 


ARon (%) = 
Ron®  Va  = 


■iov~Ron@  Va  =  +10V 


Ron®  Va=ov 


x  100% 


ON  Channel  Analog  Leakage  Current  (Id(on) + >s(ON)) 
Current  loss  (or  gain)  through  an  ON-channel 
resistance  creating  a  voltage  offset  across  the 
device.  As  the  direction  of  current  flow  is  not 
predictable,  only  the  magnitude  is  specified  at 
various  temperature  ranges. 

Output  Enable  Delay  Time  OFF  (Ioff(EN))  — 
Multiplexers  —  The  time  required  to  disconnect 
the  analog  output  from  the  analog  input  deter- 
mined by  the  digital  address  input  code.  It  is 
measured  from  the  50%  point  of  ENABLE  input 
logic  change  to  the  time  the  output  reaches 
10%  of  the  initial  value. 

Output  Enable  Delay  Time  ON  (toN(EN))  — 
Mutlplexers  —  The  time  required  to  connect  the 
analog  output  to  the  analog  input  determined  by 
the  digital  address  input  code.  It  is  measured 
from  the  50%  point  of  the  ENABLE  input  logic 
change  to  the  time  the  output  is  within  90% 
of  final  value. 

Output  ON  Switching  Time  (toN)  —  The  time 
required  to  connect  the  analog  output  to  the 
analog  input.  The  time  is  measured  from  the 
50%  point  of  the  logic  input  change  to  the 
time  the  output  reaches  90%  of  the  final 
value. 

Output  OFF  Switching  Time  Ooff)  —  The  time 
required  to  disconnect  the  analog  output  from 
the  analog  input.  The  time  is  measured  from  the 
50%  point  of  the  logic  input  change  to  the  time 
the  output  reaches  10%  of  the  initial  value. 

Output  Settling  Time  (t8)  —  The  elapsed  time  for 
the  analog  output  to  reach  its  final  value  within  a 
specified  error  band  after  the  corresponding 
digital  input  code  has  been  changed.  It  is 
measured  from  the  50%  point  of  the  logic  input 
change  to  the  time  the  output  reaches  final 
value  within  specified  error  band. 
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Power  Supply  Rejection  (P8RR)  —  The  ratio  of 
the  change  in  switch  contact  voltage  (Vd)  to  the 
change  in  voltage  supply  (V+  or  V-)  that  causes 
it. 


+PSRR  (dB)  =  20  log 
-PSRR  (dB)  =  20  log 


Switching  Time  (Itran)  —  Multiplexers  —  The 

time  required  to  switch  and  slew  from  one 


ANALOG  SWITCHES 
MULTIPLEXERS 


analog  input  channel  to  another  analog  input 
with  a  full-scale  differential  between  inputs  with 
a  high  impedance  output  load.  The  time  is 
measured  from  the  50%  point  of  the  logic  input 
change  to  the  time  the  output  reaches  80%  of 
the  final  value. 

Total  Harmonic  Distortion  (THD)  —  The  ratio  of 
the  signal  power  at  the  fundamental  frequency 
to  the  signal  power  of  all  harmonics  observed  at 
the  switch  output  (VD)  with  a  pure  sinusoid 
applied  to  the  switch  input  (Vs). 


ANALOG  SWITCHES/MULTIPLEXERS  SELECTION  GUIDE 


One  Channel  SPST 


Ron 

Switching 

Logic  Input 

Supply 

Max 

Time  0is) 

for  ON 

Logic  Levels 

Current  (mA) 

Product 

(") 

*ON  k)FF 

Switch 

V|NL  V|NH 

1+  1- 

SW01 

100 

0.4  0.3 

0 

0.8  2.0 

8.0  4.5 

SW02 

100 

0.4  0.3 

1 

0.8  2.0 

8.0  4.5 

4-Channel  SPST 


Ron 

Switching 

Logic  Input 

Supply 

Max 

Time  (us) 

for  ON 

Logic  Levels 

Current  (mA) 

Product 

<n) 

k)N 

toFF 

Switch 

V|NL 

V(NH 

1+  1- 

SW06 

80 

0.5 

0.4 

Note 

0.8 

2.0 

6.0  5.0 

SW201 

80 

0.5 

0.4 

0 

0.8 

2.0 

9.0  5.0 

SW202 

80 

0.5 

0.4 

1 

0.8 

2.0 

9.0  5.0 

SW7510 

75 

0.45 

0.3 

Note 

0.8 

2.0 

9.0  5.0 

SW7511 

75 

0.45 

0.3 

Note 

0.8 

2.0 

9.0  5.0 

NOTE:  See  individual  data  sheet  for  more  details. 
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8-Channel  MUX 

Ron 

Supply 

Max 

Transition  Time 

Logic  Levels 

Current  (mA) 

Product 

(n) 

(fS) 

VlNL 

V|NH 

1+  1- 

MUX08 

300 

2.1 

0.7 

2.0 

12.0  3.8 

MUX88 

400 

2.1 

0.8 

2.0 

15.0  5.0 

Dual  4-Channel  MUX 


Product 

Ron 
Max 

(fl) 

Transition  Time 

(/*) 

VlNL 

Logic  Levels 

V|NH 

Supply 
Current  (mA) 
1+  1- 

MUX24 

300 

2.1 

0.7 

2.0 

12.0  3.8 

16-Channel  MUX 

Product 

Ron 
Max 
(XI) 

Transition  Time 

0*) 

VlNL 

Logic  Levels 

V|NH 

Supply 
Current  (mA) 
1+  1- 

MUX16 

380 

2.0 

0.7 

2.0 

19.0  7.0 

Dual  8-Channel  MUX 

Product 

Ron 
Max 

(") 

Transition  Time 

(MS) 

V|NL 

Logic  Levels 

Vinh 

Supply 
Current  (mA) 
l+  1- 

MUX28 

380 

2.0 

0.7 

2.0 

19.0  7.0 

2 

w 
X 
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SW-01/SW-02 

QUAD  SPST  JFET  ANALOG  SWITCHES 
(TEMPERATURE  COMPENSATED  RqnI 


FEATURES 

•  Low  Ron  vt  Temperature   0.03%/°  C 

•  Low  Absolute  Ron    850 

•  Low  Ron  Variation  vs  Analog  Signal   7% 

•  High  Speed   300ns 

•  Low  Leakage  Current   0.2nA 

•  Overvoltage  and  Supply  Loss  Protected 

•  SW-01  Is  Improved  Pin  Compatible  Device  for  DQ201, 
ADG201,  LF11201 

•  SW-02  Is  Improved  Pin  Compatible  Device  tor  DG202, 
LF11202,  IH202 

ORDERING  INFORMATIONt 


16-PIN  HERMETIC  DUAL-IN-LINE  PACKAGE 


FUNCTION 


MILITARY* 


INDUSTRIAL 


N.C. 
N.O. 


SW01BQ 
SW02BQ 


SW01FQ 
SW02FQ 


*  For  devices  processed  in  total  compliance  to  MIL-STD-883,  add  /S83  alter 
part  number.  Consult  factory  (or  683  data  sheet. 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plasticdip.  and  TO-can  packages.  For  ordering  information,  see  19B8 
Data  Book,  Section  2. 

GENERAL  DESCRIPTION 

The  SW-01/02  are  four-channel  single-pole,  single-throw 
analog  switches  which  offer  operating  characteristics  un- 
available in  other  JFET  or  CMOS  devices.  A  unique  circuit 
design  provides  a  nearly  constant  Ron  over  the  full  operating 
temperature  span.  RoNdrift  typically  runs  under  300ppm/°C. 

The  SW-01/02  are  pin  compatible  with  the  DG201/202.  An  Ion 
Implanted  FET  switch  inherently  exhibits  low  Ron  variations 


vs.  analog  Input  signals.  The  junction  FET  construction  also 
reduces  static  discharge  destruction  prevalent  in  CMOS 
devices. 

Low  Ron  sensitivity  to  temperature  and  voltage  is  comple- 
mented by  guaranteed  high-speed  operation  and  low-leakage 
currents.  Logic  inputs  may  operate  directly  from  either 
CMOS  or  TTL  logic  levels  and  are  supply  voltage  indepen- 
dent. The  SW-01/02  are  protected  during  supply  voltage 
power  loss  and  against  input  signal  overvoltages. 


PIN  CONNECTIONS 


IN,  [[-•>_,  ,-<}-«]  IN2 

D>  E  — y  j  [  \f~  5E  °' 

SiE_?        «  23 

v-  f£  ia]  v* 

GND  [J  «]  N.C. 

S4  rz     \  /""ID* 

IN,  [7  _{>J  '-<]_  JJ  IN3 


16-PIN  DUAL-IN-LINE  PACKAGE 
(Q-Package) 


control  logic 

LOGIC 

SWITCH  STATE 

IN, 

SW-01  SW-02 

0 

ON  OFF 

1 

OFF  ON 

NOTE: 

INy  =  INPUT  1-4 

SIMPLIFIED  SCHEMATIC  DIAGRAM  (TYPICAL  SWITCH) 


02    '  04 


o 


■w 


ANALOG 
IN  (SI 
OUTIDI 
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S W-01/S W-02  QUAD  SPST  JFET  ANALOG  SWITCHES 


ABSOLUTE  MAXIMUM  RATINGS  (TA=2S°C.  unlessotherwise  noted). 


Operating  Temperature  Range 

SW-01/02BQ    -55"Cto+125,'C 

SW-01/02FQ    -250CtO+85°C 

DICE  Junction  Temperature  (Tj)    -65<>Cto+150',C 

Storage  Temperature  Range   -65°Cto+150oC 

Power  Dissipation  (Q-Package)    900mW 

Lead  Temperature  (Soldering,  60  sec)   300° C 

Maximum  Junction  Temperature   150°  C 

V+ Supply  to  V- Supply   36V 

V+ Supply  to  Ground    36V 


Logic  Input  Voltage   (V-  or  -4V)  to  V+  Supply 

Analog  Input  Voltage 

Continuous    V- Supply -25V  to  V+ Supply +25V 

ForV+  =  V-=0    ±15V 

Maximum  Current  Through  Any  Pin   30mA 

Peak  Current, 

(Pulsed  at  1ms,  10%  Duty  Cycle)  70mA 

NOTE:  Absolute  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  and  TA  =  25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

SW-01/02B 

MIN      TYP  MAX 

SW-01/02F 

MIN      TYP  MAX 

UNITS 

"ON- Resistance 

"on 

-10VSVA<10V,lD<1mA 

— 

85 

100 

— 

85 

120 

n 

Ron  Match 

(NoteD 

— 

4 

10 

— 

4 

10 

% 

Analog  Voltage  Range 

vA 

Full  Temperature  Range  (Note  8) 

+  10 
-10 

+11 
■  15 

— 

+  10 
-10 

+  11 

-15 

- 

V 

ARonvaVA 

ARon 

VA£10V,  lDS1mA 

10 

10 

% 

Analog  Current  Range 

■a 

VA£10V 

5 

5 

mA 

Source  Current  In  "OFF"  Condition 

'siOFFI 

Vs=  10V,  VD  =  -10V 

0.2 

1 

0.2 

2 

nA 

Drain  Current  In  "OFF"  Condition 

'OlOFFI 

VS=10V,VD  =  -10V 

0.2 

1 

0.2 

2 

nA 

Leakage  Current  In  "ON"  Condition 

'0(0N>+ 
'S(ON) 

VS  =  ±10V,  (Note  2) 

1 

2 

nA 

"OFF-  Isolation 

ISOoff 

Test  Figure  2 

58 

58 

dB 

Crosstalk 

CT 

Test  Figure  3 

70 

70 

dB 

Turn-On-Time 

TON 

Test  Figure  1,  iNote  3i 

300 

400 

300 

400 

ns 

Tum-Otl-Tlme 

Toff 

Test  Figure  1.  (Note  3) 

200 

300 

200 

300 

ns 

Break-Betore-Make  Time 

Ton  Toff 

Test  Figure  1.  (Note  7) 

100 

100 

ns 

Source  Capacitance 

CSlOFF) 

VAS10V 

7 

7 

PF 

Drain  Capacitance 

CoiOFF) 

VA<10V 

5.5 

5.5 

PF 

Logic  "1"  Input  Voltage 

VlNN 

Full  Temperature  Range  (Note  8) 

2 

2 

V 

Logic  "0"  Input  Voltage 

V,NL 

Full  Temperature  Range  (Note  8| 

0.8 

0.8 

V 

Logic  "1-  Input  Current 

■|NH 

2SV1M<15V 

1 

3 

1 

3 

«A 

Logic  "0"  Input  Current 

'iNL 

0£VIN£0.8V 

1 

3 

1 

3 

fA 

Positive  Supply  Current 

1+ 

(Note  S| 

6.3 

8.0 

6.3 

9.0 

mA 

Negative  Supply  Current 

1- 

(NoteS) 

3.2 

4.5 

3.2 

5.5 

mA 

Ground  Current 

•a 

(Note  S) 

3.0 

4.0 

3.0 

4.5 

mA 

NOTES: 

1.  VA  =  0V,  f  q  =  700>A.  Specified  as  a  percentage  of  R  average  where: 

p  _  RON1  +  RON2 +  RON3  RON< 
"AVERAGE  ~  


2.  The  conditions  listed  specify  the  worst  case  leakage  current.  The  leakage 
currents  apply  equally  to  source  or  drain. 

3.  Sample  tested. 

4.  Parameter  tested  at  TA  =  125°  C  for  military  temperature  range  device. 

5.  Power  supply  and  ground  currents  specified  for  switch  "ON"  or  "OFF". 
The  "OFF"  state  consumes  highest  power. 

6.  Ron@Th-Rqn@25«C  TH=125°CforBgrade 
R     R0n@25oCX<Th-25oCi  TH  =  a50C  lor  F  grade 

7.  Switching  is  guaranteed  by  design  to  be  break-before-make. 

8.  Guaranteed  by  leakage  currents  and  R0n  tests.  For  normal  operation 
analog  signal  voltages  should  be  restricted  to  less  than  <V+>  -  4V. 


t— < 

b 

D 

I 

X 

o 
o 
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SW-01/SW-02  QUAO  SPST  JFET  ANALOG  SWITCHES 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±  15V,  and  -55°C  <  TA <  +  125°C  for  SW-01/02B  and  -25°C  <  TA<  85°C  for 
SW-01/02F,  unless  otherwise  noted. 


SW-01/02B 

SW-01/02F 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

"ON"  Resistance 

"on 

-10V<  VA<  10V.  I0<  1mA 

120 

140 

II 

Ron  Match 

(Note  1l 

10 

15 

10 

15 

% 

Ron  Temperature 

TCB 

VA  =  OV.  ID  =  lOOjjA,  i  Note  6l 

0.03 

0.20 

0.03 

0.15 

%/°C 

Coefficient  —  Average 

Source  Current  in  "OFF"  Condition 

's  OFF 

Vs=10V,Vo  =  -10V.iNote4i 

- 

- 

60 

- 

- 

60 

nA 

Drain  Current  in  "OFF"  Condition 

•doff 

Vs=  10V,  V0=  -10V.  (Note  4/ 

- 

- 

60 

- 

- 

60 

nA 

Leakage  Current  in  "ON"  Condition 

'd  ON  + 
's  ON 

Vs  =  ±  10V.  i  Notes  2.4 1 

100 

100 

nA 

Turn-On-Time 

Ton 

Test  Figure  1,  (Note 3) 

500 

600 

500 

600 

ns 

Turn- Off-Time 

Toff 

Test  Figure  1,  iNote3i 

400 

500 

400 

500 

ns 

Break-Before-Make  Time 

Ton  "  toff 

Test  Figure  1.  (Note  7j 

100 

100 

ns 

Logic  "1"  Input  Current 

'inh 

2<  V,N<  15V 

t 

5 

1 

5 

pA 

Logic  "0"  Input  Current 

■iNL 

0<V,N<0.SV 

5 

5 

(iA 

Positive  Supply  Current 

1+ 

(Note  5 1 

11 

12 

mA 

Negative  Supply  Current 

1- 

(Note  Si 

6 

7 

mA 

Ground  Current 

'g 

i  Note  Si 

5 

6 

mA 

NOTES: 

1.  VA  =  0V,  lD  =  100*iA.  Specified  as  a  percentage  of  Raver  age  where: 

„  _     RONI  +  RoN2  +  ^ON3  "ON4 


2.  The  conditions  listed  specify  the  worst  case  leakage  current.  The  leakage 
currents  apply  equally  to  source  or  drain. 

3.  Guaranteed  by  design. 


A.  Parameter  tested  at  TA  =  125°  C  for  military  temperature  range  device. 

5.  Power  supply  and  ground  currents  specified  lor  switch  "ON"  or  "OFF" 
The  "OFF"  slate  consumes  highest  power. 

6.  =     Roh@Th-Rqn@2S0C  TH=l25°CforBgrade 

Ron@25*CXiTh-25°C»  TH  -  85"C  for  F  grade 

7.  Switching  is  guaranteed  by  design  to  be  break-before- make. 
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SW-01/SW-02  QUAD  SPST  JFET  ANALOG  SWITCHES 


DICE  CHARACTERISTICS 


DIE  SIZE  0.101  X  0.097  inch,  9797  sq.  mils  DIE  SIZE  0.101  X  0.097  inch,  9797  sq.  mils 

(2.565  x  2.464  mm,  6.320  sq.  mm)  (2.565  x  2.464  mm,  6.320  sq.  mm) 


1.  SWITCH  (1)  ADDRESS  (INI) 

9.  SWITCH  (3)  ADDRESS  (INS) 

1.  SWITCH  (1)  ADDRESS  (INI ) 

9. 

SWITCH  (3)  ADDRESS  (IN3) 

2.  SWITCH  (f)  DRAIN  (01) 

10.  SWITCH  (3)  DRAIN  (D3) 

2.  SWITCH  (1)  DRAIN  (D1) 

10. 

SWITCH  (3)  DRAIN  (D3) 

3.  SWITCH  (1)  SOURCE  (S1) 

11.  SWITCH  (3)  SOURCE  (S3) 

3.  SWITCH  (1)  SOURCE  (S1) 

11. 

SWITCH  (3)  SOURCE  (S3) 

4.  NEGATIVE  SUPPLY 

12.  NO  CONNECTION 

4.  NEGATIVE  SUPPLY 

12. 

NO  CONNECTION 

5.  GROUND 

13.  POSITIVE  SUPPLY 

5.  GROUND 

13. 

POSITIVE  SUPPLY 

6.  SWITCH  (4)  SOURCE  (S4) 

14.  SWITCH  (2)  SOURCE  (S2) 

6.  SWITCH  (4)  SOURCE  (S4) 

14. 

SWITCH  (2)  SOURCE  (S2) 

7.  SWITCH  (4)  DRAIN  (D4J 

15.  SWITCH  (2)  DRAIN  (D2) 

7.  SWITCH  (4)  DRAIN  (D4) 

15. 

SWITCH  (2)  DRAIN  (D2) 

8.  SWITCH  (4)  ADDRESS  (IN4) 

16.  SWITCH  (2)  ADDRESS  (IN2) 

8.  SWITCH  (4)  ADDRESS  (IN4) 

16. 

SWITCH  (2)  ADDRESS  (IN2) 

For  additional  DICE  ordering  information,  refer  to  1988  Data  Book,  Section  2. 

WAFER  TEST  LIMITS  at  VS  =  ±15V,  TA  =  25PC,  unless  otherwise  noted. 

SW-01/02N 

SW-01/02G 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

UNITS 

"ON"  Resistance 

RON 

-10V<VA<  10V,  lD<  1mA 

100 

120 

n  MAX 

R0N  Match 

VA  =  0V,  lDi  100,iA 

10 

10 

%  MAX 

ARqnVS  Va 

VAS  10V,  lDS  1mA 

10 

10 

%  MAX 

Positive  Supply  Current 

il- 

(Note 1) 

8 

9 

mA  MAX 

Negative  Supply  Current 

l- 

(Note 1) 

4.5 

5.5 

mA  MAX 

Ground  Current 

's 

4.0 

4.5 

mA  MAX 

Analog  Voltage  Range 

Va 

(Note  2) 

±10 

±10 

V  MIN 

Logic  "1"  Input  Voltage 

V,„h 

{Note  2| 

2 

2 

V  MIN 

Logic  "0"  Input  Voltage 

VlNL 

(Note  2| 

0.8 

0.8 

V  MAX 

Logic  "0"  Input  Current 

'iNL 

0<V,NS0.8V 

3 

3 

tiA  MAX 

Logic  "1"  Input  Current 

'iNH 

2<Vlfl5  15V 

3 

3 

HA  MAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 

guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ± 

15V  and  TA  =  25°  C,  unless  otherwise  noted. 

SW-01/02N 

SW-01/02G 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

TYPICAL 

UNITS 

"ON"  Resistance 

RON 

-55°C<TA<  125»C 

90 

90 

n 

R0N  Temperature  Coefficient 

TCR 

VA=  0,  lD=  100,iA 

0.03 

0.03 

%/°c 

Turn-On-Time 

Ton 

RL=  1k.  CL=  13pF 

300 

300 

ns 

Turn-Off-Time 

TOFF 

RL  =  1k,  CL=  13pF 

200 

200 

ns 

Drain  Current  in  "OFF" 

Condition 

'D(OFF) 

Vs=  10V,  VD  =  -10V 

0.2 

0.2 

nA 

"OFF"  Isolation 

ISOqff 

f-  500kHz,  RL  =  6801) 

58 

58 

dB 

Crosstalk 

cT 

f  =  500kHz,  RL  =  68011 

70 

70 

dB 

NOTES: 

1.    Power  supply  and  ground  curront  specifiod  for  switch  "ON"  or  "OFF", 

2.   Guaranteed  by  R0N  and  leakage  current  measurements. 
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SW-01/SW-02  QUAD  SPST  JFET  ANALOG  SWITCHES 


TEST  CIRCUITS 


OND  -IBV 

IREPEAT  TEST  FOR  IN2.  IN]  AND  l»tl 

INVERT  LOGIC  INPUT  FOR  SW-CJ 


TEST  FIGURE  1 


APPLICATIONS  INFORMATION 

This  analog  switch  employs  ion-implanted  JFETs  in  aswitch 
configuration  designed  to  assure  break-before-make  action. 
The  turn-off  time  is  much  faster  than  the  turn-on  time  to 
guarantee  this  feature  over  the  full  operating  temperature 
and  input  voltage  range.  Fabricated  with  Bipolar-JFET  pro- 
cessing rather  than  CMOS,  special  handling  is  not  necessary 
to  prevent  damage  to  these  switches.  Because  the  digital 
inputs  only  require  a  2V  logic  "1"  input  level,  power- 
consuming  pull-up  resistors  are  not  required  for  TTL  com- 
patibility to  insure  break-before-make  switching  as  is  most 
often  the  case  with  CMOS  switches.  The  digital  inputs  utilize 
PNP  input  transistors  where  input  current  is  maximum  at  the 
logic  "0"  level  and  drops  to  that  of  a  reverse-biased  diode 
(about  10nA)  as  the  input  voltage  Is  raised  above  -  1.4V. 

The  "ON"  resistance,  Ron.  of  the  analog  switches  isconstant 
over  the  wide  input  voltage  range  of  -1SV  to  +  11V  with 
Vsupply  =  ±15V.  For  normal  operation,  however,  positive 
input  voltages  should  be  restricted  to  11 V  (or4V  less  than  the 
positive  supply).  This  assures  that  the  VQ$of  an  OFF  switch 
remains  greater  than  its  VP,  and  prevents  that  channel  from 
being  falsely  turned  ON.  Individual  switches  are  "ON"  with- 
out power  applied. 

Proper  switching  requires  the  "Source"  terminal  to  be  con- 
nected to  the  input  driving  signal. 


Va-Wrms 

AT  t  -  500k  Hi 


"OFF"  ISOLATION  -  20  LOO 


-OVo 


TEST  FIGURE  2 


va-»Vrms 

ATl-tOOVHi 


«2 


vca 

-o 


1= 


-CROSSTALK-  ■  20  LOO 


via 


vol 

— O 


TEST  FIGURE  3 


PROGRAMMABLE  ATTENUATOR  (1  to  0.0001) 


vIN  town 
O  "/A— 


eiotui>tou]  <»u 
I »      ] 11      | a 


vour 
-o 


V 


6  +10    6  +100  6  +jk    6  +1QI, 

SELECT  SELECT  SELECT  SELECT 
(+  1  ATTENUATION  WHEN  ALL  SWITCHES  OFFI 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 
(SW-01/02) 


OVERVOLTAGE 
CHARACTERISTIC 


— i  1 — 

V+  -  +1B.0V 
V-  -  -15.0V 


•r 


-30  -20  -10  0  10  20  33  40 
ANALOG  INPUT  VOLTAGE  -  VA  [VOLTS! 


POWER  SUPPLY 
LOSS  CHARACTERISTIC 


-10.0        -6.0  0  5.0  10.0 

ANALOG  INPUT  VOLTAGE  (VOLTS) 


"ON"  RESISTANCE  vs 
ANALOG  VOLTAGE  (Va) 


s  80 

Z 

s 


V* 
V- 

T» 

-  *15V 

-  -15V 

tS  "  1mA 

1 

ANALOG  INPUT  VOLTAGE  -  Va(VOLTS) 
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SW-01/SW-02  QUAD  SPOT  JFET  ANALOG  SWITCHES 


The  SW-01/02  designs  have  been  optimized  for  low  "ON" 
resistance  variation  with  temperature,  signal  voltage,  and 
supply  voltage  changes.  Fast  switching  response  and  low 
leakage  currents  at  high  temperature  are  also  key  perfor- 
mance improvements  over  older  circuit  designs. 

The  static-electricity-resistant  JFET  switches  and  additional 
overvoltage-protection  circuitry  make  the  precision  switches 
extremely  durable  in  most  application  environments. 

The  SW-01/02  are  well  suited  to  applications  requiring 
analog  currents  <5mA  with  driving  source  impedances 
<100n.  Applications  using  op  amps,  buffers  or  voltage 
sources  as  input  drive  sources  are  typical  of  those  fulfilling 
these  conditions.  Within  the  given  range  of  source  impedance 


and  analog  current  near  ideal  signal  transfer  accuracy  is 
obtainable. 

Applications  needing  very  high  analog  current  capability 
(>5mA)  or  where  the  switch  is  driven  from  high  source 
impedances  (>  100fl)  should  use  the  SW-201  ( Pin  Compatible 
to  SW-01)  or  the  SW-202  (Pin  Compatible  to  SW-02)  high- 
current  quad  switches. 

Although  the  SW-201 /202  do  not  offer  the  same  "ON" 
resistance  temperature  coefficient,  many  other  premium 
characteristics  are  similar.  In  addition,  the  SW-201 /202  offer 
exceptionally  low  signal  distortion  over  a  wide  signal  voltage 
and  frequency  range. 


TYPICAL  APPLICATIONS 
DUAL  SLOPE  A/O  CONVERSION 


VM1  O- 


vcw  o- 


I 

 I 


 J 



I 


VIs- 

I  


CHANNEL  SELECTION 
LOOIC 


r— \^  |« 


BCD  COUNTER  AND 
CONVfMXM  LOGIC 


•TEMPERATURE  COMffNSATED  CWITCKCt 
MINIMIZE  GAIN  ERROR  DRIFT  OVER 
TEMKRATURE 


-(clock 
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IPMI) 


riol jth  ics  1  no. 


SW-06 

QUAD  SPST  JFET 
ANALOG  SWITCH 


FEATURES 

•  Two  Normally  Open  and  Two  Normally  Closed  SPST 
Switches  with  Disable 

•  Switches  can  be  Easily  Configured  as  a  Dual  SPOT  or 
aDPDT 

•  Highly  Resistant  to  Static  Discharge  Destruction 

•  Higher  Resistance  to  Radiation  Than  Analog  Switches 
Designed  with  MOS  Devices 

•  Guaranteed  R0N  Matching  10%  Max 

•  Guaranteed  Switching  Speeds  Ton = 500ns  Max 

Toff = 400ns  Max 

•  Guaranteed  B reak-Bef ore-Make  Switching 

•  Low  "ON"  Resistance  SOn  Max 

•  Low  RoN  Variation  from  Analog  Input  Voltage  5% 

•  Low  Total  Harmonic  Distortion  0.01% 

•  Low  Leakage  Currents  at  High  Temperature: 

TA=125°C  100nAMax 

TA  =  85°C  30nAMax 

•  Digital  Inputs  TTL/CMOS  Compatible  and  Independent 
of  V+ 

•  Improved  Specifications  and  Pin  Compatible  to  LF-11333/ 
13333 

•  Dual  or  Single  Power  Supply  Operation 
PIN  CONNECTIONS 


Switches  are  shown  in  the  logic  "0* 
Input  state  end  DIS  =  "1" 

TOP  VIEW 

ini|T  — f>-X-<—  <3tn* 
Dif7— yj  [jj—  HjDt 
S1(T_/       \  m]s* 

gndQ  u]dis 
v-  [T  ij)  v» 

S2  [±  _  J  _  IT]  S3 

02  [7   f\  1  j""J|       i«)  03 

IH2  fT  — (>-'  (-4—  JJlNS 


16-PIN  DUAL-IN-LINE 
PACKAGE 
(Q  OR  P  Package) 


sills 
/WLiJLiJbJWN 
si  Jj  |»  54 

GND  7J  Qf  DIS 

ttJC  7]  [it  HJC 

v-  TJ  [»  v. 

32  7]  Q7  S3 

CmnsimmfsD 

8S<j39 


SW-06BRC/883 
LCC  PACKAGE 
(RC-Suftix) 


ORDERING  INFORMATION 

OPERATING 

PLASTIC 

HERMETIC 

TEMPERATURE 

DIP 

DIP  LCC 

RANGE 

SW06GP 

SVV06BO*  SW08BRC/883 
8W06FO  - 

MIL 
IND 
COM 

*  For  devices  processed  In  total  compliance  to  MIL-STD-883,  add  /B83  alter 
part  number.  Consult  factory  for  683  data  sheet. 

t  Burn-In  is  available  on  commercial  and  Industrial  temperature  range  parts  In 
cerdlp,  plastic  dip.  and  TO-can  packages.  For  ordering  Information,  see  1888 
Data  Book.  Section  2. 


GENERAL  DESCRIPTION 

The  SW-06  Is  a  four  channel  single-pole,  single-throw  analog 
switch  that  employs  both  bipolar  and  ion-implanted  FET 
devices.  The  SW-06  FET  switches  use  bipolar  digital  logic 
inputs  which  are  more  resistant  to  static  electricity  than 
CMOS  devices.  Ruggedness  and  reliability  are  Inherent  in 
the  SW-06  design  and  construction  technology. 

Increased  reliability  is  complemented  by  excellent  electrical 
specifications.  Potential  error  sources  are  reduced  by  min- 
imizing "ON"  resistance  and  controlling  leakage  currents  at 
high  temperatures.  The  switching  FET  exhibits  minimal  R0n 
variation  over  a  20V  analog  signal  range  and  with  power 
supply  voltage  changes.  Operation  from  a  single  positive 
power  supply  voltage  is  possible.  With  V+  =  36V,  V- = OV,  the 
analog  signal  range  will  extend  from  ground  to  +32V. 

PNP  logic  inputs  are  TTL  and  CMOS  compatible  to  allow  the 
SW-06  to  upgrade  existing  designs.  The  logic  "0"  and  logic 
"1 "  input  currents  are  at  micro-ampere  levels  reducing  load- 
ing on  CMOS  and  TTL  logic. 

FUNCTIONAL  DIAGRAM 


GNO  O  V- 


TRUTH  TABLE 

SWITCH  STATE 

DISABLE 

LOGIC 

CHANNELS 

CHANNELS 

INPUT 

INPUT 

1«2 

344 

0 

X 

OFF 

OFF 

1  orNC 

0 

OFF 

ON 

1  orNC 

1 

ON 

OFF 

3 


a, 

M 

b 

D 

x 

M 

I 

o 
o 

2 
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SW-06  QUAD  SPST  JFET  ANALOG  SWITCH 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Operating  Temperature  Range 

SW-06BQ,  BRC  -55°  C  to  +125°  C 

SW-06FQ   -25<,Cto+85°C 

SW-06GP    0<,Cto+70°C 

Storage  Temperature  Range   -65°  C  to + 150°  C 

Power  Dissipation  (Note  2) 

Q  Package    900mW 

P  Package   SOOmW 

Lead  Temperature  (Soldering  60  sec)    300° C 

Maximum  Junction  Temperature   150°  C 


V+  Supply  to  V-  Supply   36V 

V+ Supply  to  Ground    36V 

Logic  Input  Voltage   (-4V  or  V-)  to  V+  Supply 

Analog  Input  Voltage  Range 

Continuous   V-  Supply  to  V+  Supply  +20V 

Maximum  Current  Through 

Any  Pin  Including  Switch   30mA 

NOTEK 

1 .  Absolute  ratings  epply  to  both  DICE  and  packaged  parts,  unless  otherwise 
noted. 

2.  Q  Package  derated  12mW/*C  above  75°  C,  p  Package  derated  tOmW/°C 
above  25'C. 


ELECTRICAL  CHARACTERISTICS  at  V+  =  15V,  V-  =  -15V  and  T  A  =  25°  C,  unless  otherwise  noted. 


SW-06B 

SW-06F 

SW-06G 

PARAMETER 

SYMBOL 

CONDITIONS 

M1N 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

"ON"  Resistance 

Ron 

Vs  =  0V,l8  =  1mA 
Vs  =  ±l0V,l8=1mA 

- 

60 

ss 

80 
80 

— 

80 
65 

100 
100 

— 

too 

100 

150 
150 

11 

Ron  Match  Between 
Switches 

Ron  Match 

Vs  =  OV,  ls=  100iiA  (Note  1) 

S 

10 

S 

20 

20 

S 

Analog  Voltage  Range 

VA 

ls  =  1mA ... 
I3  =  1mA 

+10 
-10 

+  1t 
-15 

_ 

+  10 
-10 

+  11 
-IS 

_ 

+10 
-10 

+11 

-15 



V 

Analog  Current  Range 

Ia 

VS  =  ±10V 

10 

15 

— 

7 

12 

— 

5 

10 

— 

mA 

aRon  vs  Applied 
Voltege 

AH  on 

-10V<VS£10V.  |s=  1.0mA 

5 

15 

10 

20 

10 

20 

% 

Source  Current  In 
"OFF*  Condition 

'S(OFF) 

V8  =  10V,  Vp  =  -10V 
(NoteS) 

0.3 

2.0 

0.3 

2.0 

0.3 

10 

nA 

Drain  Current  In 
"OFF"  Condition 

'□(OFF) 

VS=10V.  VD  =  -10V 
(NoteS) 

0.3 

2.0 

0.3 

2.0 

0.3 

10 

nA 

Source  Current  In 
"ON"  Condition 

•S(ON)+ 
'OfON) 

vs-vD  =  ±iov 
(Notes) 

0.3 

2.0 

0.3 

2.0 

0.3 

10 

nA 

Logical  "1"  Input 
Voltege 

V...., 

Full  Temperature  Renge 
(Notes  6.  B) 

2.0 

2.0 

2.0 

V 

Logical  "0"  Input 
Voltage 

VINL 

Full  Temperature  Range 
(Notes  S.  S) 

0.8 

0.8 

0.8 

y 

Logical  "1"  input 
Current 

•iNH 

VIN  =  2.0V  to  15.0V 
(Note  4) 

g 

iu\ 

Logical  "0"  Input 

'iNL 

VIN-0.8V 

1.5 

5.0 

1.5 

5.0 

1.5 

10.0 

«A 

Turn-On-Time 

'on 

See  Switching  Time 
Test  Circuit  (Notes  6. 9) 

- 

340 

500 

- 

340 

600 

- 

340 

700 

ns 

Turn-Ofl-Tlme 

*OFF 

See  Switching  Time 
Test  Circuit  (Notes  6. 9) 

200 

400 

200 

400 

200 

500 

ns 

Break-Before-Make 
Time 

*ON~'OFF 

(Note  3) 

so 

140 

so 

140 

50 

140 

ns 

Source  Capacitance 

CS(OFF) 

Vs  -  OV  (Note  S) 

7.0 

7.0 

7-0 

PF 

Drain  Cepacltance 

Cqioff) 

Vs  =  OV  (Note  5) 

5.5 

5.5 

5.5 

PF 

Channel  "ON" 
Capacitance 

CD(ON»+ 
CS(ON) 

Vs  =  V0  ■=  OV  (Note  S) 

15 

15 

15 

PF 

"OFF"  Isolation 

'SO(OFF) 

V5  =  5V„MS-Hl,=  680(1. 

CL  -  7pF.  1  =  500kHz  (Note  5) 

58 

SB 

58 

dB 

Crosstalk 

CT 

Vs  =  5VHMS.RL  =  680n. 

CL  -  7pF.  1  =  500k Hz  (Note  5) 

70 

70 

70 

dB 

Positive  Supply 
Current 

l+ 

All  Channels  "OFF". 
OIS  =  "0"  (Note  S) 

50 

6.0 

5.0 

9.0 

6.0 

9.0 

mA 

Negative  Supply 
Current 

I- 

All  Channels  "OFF". 
OIS  =  "0"  (Note  5) 

3.0 

5.0 

4.0 

7.0 

4.0 

7.0 

mA 

Ground  Current 

>Q 

All  Channels  "ON"  or 
"OFF"  (Note  5) 

3.0 

4.0 

3.0 

4.0 

3.0 

5.0 

mA 
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SW-08  QUAD  SPST  JFET  ANALOG  8WITCH 


ELECTRICAL  CHARACTER ISTICS  at  V  +  =  15V,  V-  =  -  15V.  -55° C  <  TA < + 125° C  for  S W-06BQ,  -25°  C  <  TA  <  +85° C  for 
SW-06FQ  and  0°C  <  TA  <  70°C  for  SW-06GP,  unless  otherwise  noted. 


SW-06B 

SW-06F 

SW-06G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

'  MIN 

TYP 

MAX 

UNITS 

Temperature  Range 

TA 

Operating 

-55 

125 

-25 

85 

0 

70 

•c 

"ON"  Resistance 

HON 

Vs  =  0V.  Is  =  1.0mA 
Vs  =  ±  10V,  ls  =  1.0mA 

75 
SO 

110 
110 

."— 

75 
60 

125 
125 

75 
80 

175 
175 

n 

R0N  Match  Between 
Switches 

Ron  Match 

Vs  =  0V.  Is  =  100<iA  (Note  1) 

6 

20 

6 

25 

10 

X 

Analog  Voltage  Range 

vA 

ls  =  1.0mA 
Is  a  1.0mA 

+10 
-10 

+11 
-15 

- 

+10 
-10 

+11 
-15 

- 

+10 
-10 

+11 
-15 

- 

V 

taaVoo,  Current  Range 

'a 

Vg  =  ±  10.0V 

7 

12 

5 

11 

11 

mA 

ARqn  With  Applied 
Voltage 

ARfJN 

-10V£VS£+10V. 
Ig  =  1.0mA 

10 

12 

- 

- 

15 

- 

% 

Sourco  Current  in 
"OFF  Condition 

'S(OFF) 

VS=10V,  Vo  =  -10V. 

TA  =  Max.  Operating  Temp. 

(Notes  5. 7) 

- 

- 

60 

- 

- 

30 

- 

- 

60 

nA 

Drain  Current  in 
"OFF"  Condition 

'd(OFF[ 

VS=10V,  V0  =  -10V. 

TA  =  Max.  Operating  Temp. 

(Notes  5. 7) 

GO 

30 

60 

nA 

Leakage  Current  in 
"ON"  Condition 

'S(0N|+ 
'O(ON) 

VsaVo  =  ±10V. 

TA  =  Max.  Operating  Temp. 

(Notes  5. 7) 

- 

- 

100 

- 

- 

30 

- 

- 
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nA 

Logical  "1"  Input 
Current 

'iNH 

VIN  =  2.0V  to  1S.0V 
(Note  4) 

— 

- 

10 

- 

10 

- 

— 

15 

#A 

Logical  "0"  input 
Current 

'|NL 

VIN»0.8V 

- 

4 

10 

4 

10 

- 

5 

15 

«A 

Turn-On-Time 

'on 

See  Switching  Time 
Test  Circuit  (Notes  2,  6) 

— 

440 

900 

— 

500 

900 

— 

— 

1000 

na 

Tum-Olf-Tlme 

•off 

See  Switching  Time 
Test  Circuit  (Notes  2. 6) 

- 

300 

500 

- 

330 

500 

- 

- 

500 

ns 

Break-Boto  re-Make 
Time 

•ON-'OFF 

(Note  3) 

70 

70 

50 

na 

Positive  Supply  Current 

l  + 

All  Channels  "OFF" 
OIS  =  "0"  (Note  S) 

9.0 

13.5 

13.5 

mA 

Negative  Supply  Current 

1- 

All  Channels  "OFF* 
OIS  =  "0"  (NoteS) 

7.5 

10.5 

10.5 

mA 

Ground  Current 

'G 

All  Channels  "ON"  or  "OFF" 
(Note  5) 

6.0 

7.5 

7.5 

mA 

"average  - 


NOTES: 

1.  Vs  =  0V,  ls  =  TOOpA.  Specified  as  a  percentage  of  R average  where: 

Row  +  ron2  +  Rons  +  ron4 
4 

2.  Guaranteed  by  design. 

3.  Switch  is  guaranteed  by  design  to  provide  break-be/ore-make 
operation. 

4.  Currant  tested  at  V[N  =  2.0V.  This  is  worst  case  condition. 

5.  Switch  being  tested  ON  or  OFF  as  indicated,  VmH  =  2.0V  or  VINL  =  0.8V, 
per  logic  truth  table. 

6.  Also  applies  to  disable  pin. 

7.  Parameter  tested  only  at  TA  =  + 125°  C  lor  military  grade  device. 

8.  Guaranteed  by  R0N  and  leakage  tests.  For  normal  operation  maximum 
analog  signal  voltages  should  be  restricted  to  less  than  (V+)  -4V. 

9.  Sample  tested. 
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DICE  CHARACTERISTICS 


SVY-06  QUAD  SPST  JFET  ANALOG  SWITCH 


DIE  SIZE  0.101  X  0.097  Inch,  9797  sq.  mils  For  additional  DICE  ordering  information,  reter 

(2.565  X  2.464  mm,  6.320  sq.  mm)  to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  V+  = 

15V,  V-  =  -15V,  TA  = 

25 °C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

SW-06N 
LIMIT 

SW-06G 
LIMIT 

UNITS 

"ON"  Resistance 

RON 

-10VS  VAS  10V.  ISS  1mA 

80 

100 

UMAX 

R0n  Match  Between  SwitchesR0N  Match 

VA  =  OV.  Is^IOOmA 

15 

20 

%MAX 

JR0N  vsVA 

■iRoN 

-10V<  VA<  10V,  Is<  1mA 

10 

20 

%  MAX 

Positive  Supply  Current 

1  + 

(Note  1) 

6.0 

9.0 

mA  MAX 

Negative  Supply  Current 

1- 

(Note  1) 

5.0 

7.0 

mA  MAX 

Ground  Current 

Ig 

(Note  1) 

4.0 

4.0 

mA  MAX 

Analog  Voltage  Range 

Va 

ls  =  1mA 

±10.0 

+  10.0 

V  MIN 

Logic  "1"  Input  Voltage 

V,NH 

(NoteS) 

2.0 

2.0 

V  MIN 

Logic  "0"  Input  Voltage 

V,NL 

(Note  3) 

0.8 

0.8 

V  MAX 

Logic  "0"  Input  Current 

llNL 

0V<V,N<0.6V 

5.0 

5.0 

PA  MAX 

Logic  "1"  Input  Current 

'|NH 

2.0V<VIN£  15V  (Note  2) 

5 

5 

,iA  MAX 

Analog  Current  Range 

u 

V5  =  ±  tov 

10 

7 

mA  MIN 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  In  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  lo  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  V+  =  15V.  V-  =  -15V  and  TA=  25° C.  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

SW-06N 
TYPICAL 

SW-06G 
TYPICAL 

UNITS 

"ON"  Resistance 

Ron 

-10VSVA<10V.  Is<  1mA 

60 

60 

11 

Turn-On-Time 

'on 

340 

340 

ns 

Turn-Off-Time 

'off 

200 

200 

ns 

Drain  Current  in 
"OFF"  Condition 

lD(OFF) 

Vs=  10V.  VD  =  -10V 

0.3 

0.3 

nA 

"OFF"  Isolation 

'SO  (OFF) 

1  =  500kHz.  RL  =  68011 

58 

58 

dB 

Crosstalk 

CT 

t  =  500kHz.  RL  =  68011 

70 

70 

dB 

NOTES: 

1.    Power  supply  £ 

nd  ground  current  spec 

lied  lor  switch  "ON"  or  "OFF". 

3.  Guaranteed  by  R0N  and  leakage  tests. 

2.   Current  tested  at  V,N  -  2.0V.  This  is  worst  case  condition. 
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SW-06  QUAD  SPST  JFET  ANALOG  SWITCH 


TYPICAL  PERFORMANCE  CHARACTERISTICS 
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p^fy  SW-06  QUAD  SPST  JFET  ANALOG  SWITCH 
TYPICAL  PERFORMANCE  CHARACTERISTICS 


vinivi 

v„ivi 
it 


TWtoff 

SWITCHING  RESPONSE 

|iiSaSM5SSS 

war-nan 

Ban  ~ 
mm* 


SWITCHING  TIME 
vs  ANALOG  VOLTAGE 


V5  »  r«V 
CL-  IOjjF 

.  rpfi 

-10  -5  0  I  1» 

ANALOG  INPUT  VOLTAGE  (VOLTSI 


SWITCHING  TIME 
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INSERTION  LOSS 
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CROSSTALK  AND  "OFF" 
ISOLATION  vs  FREQUENCY 
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FREQUENCY  <Hi> 
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II  in 
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POWER  SUPPLY  REJECTION  OVERVOLTAGE 

vs  FREQUENCY  CHARACTERISTICS 
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PMI) 


SW-08  QUAD  SPST  JFET  ANALOG  SWITCH 


TYPICAL  PERFORMANCE  CHARACTERISTICS  (OPERATING  SINGLE  SUPPLY) 


"ON"  RESISTANCE 
vs  ANALOG  VOLTAGE 


v+- 

1 

20V 
OV 

.  ov 

2S'C 

GND 

u- 

LEAKAGE  CURRENT 
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ANALOG  VOLTAGE  IVOLTSI 
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SUPPLY  CURRENT 
vs  SUPPLY  VOLTAGE 
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1- 
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SWITCHING  TIME 
vs  SUPPLY  VOLTAGE 
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NOTE:  These  single-supply-operation  characteristic  curves 
are  valid  when  the  negative  power  supply  V-  is  tied  to 
the  logic  ground  reference  pin  "GND".  TTL  input 
compatibility  is  still  maintained  when  "GND"  is  the 
same  potential  as  the  TTL  ground.  t'0FF  is  measured 
from  50%  of  logic  input  waveform  to  0.9  V0.  The 
analog  voltage  range  extends  from  0  to  V+  -4V,  the 
switch  will  no  longer  respond  to  logic  control  when 
VA  Is  within  4  volts  of  V+. 


ANALOG  VOLTAGE  IVOLTSI 


SIMPLIFIED  SCHEMATIC  DIAGRAM  (TYPICAL  SWITCH) 
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8W-0B  QUAD  8PST  JFET  ANALOG  SWITCH 


OFF  ISOLATION  TEST  CIRCUIT 


AT  I  ■  500k  Ki 
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CROSSTALK  TEST  CIRCUIT 
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SWITCHING  TIME  TEST  CIRCUIT 


Si 

VS--5V  O- 


LOC1C 
INPUT 


1  L 


i 
i 


vo-vSrl.to(oni 

SWITCH 
OUTPUT 


JRL        _L  Ct 


^ — r  1  1 

—  6  -16V    *=•  ■=■ 
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SWITCH  OUTPUT  WAVEFORM  SHOWN  FOR  Vs  -  CONSTANT 
WITH  LOGIC  INPUT  WAVEFORM  AS  SHOWN. 
Vo  IS  THE  STEADY  STATE  OUTPUT  WITH  SWITCH  ON. 
LOGIC  INPUT  IS  INVERTED  FOR  SWITCH  1  &  2 
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-Ipmi> 


3W-06  QUAD  8P3T  JFET  ANALOG  SWITCH 


ANALOG  CURRENT 

The  analog  switches  in  the  ON  state  are  JFETs  biased  in  their 
triode  region  and  act  as  switches  for  analog  current  up  to  the 
lA  specification  (see  plot  of  Ids  vs  Vds).  Some  applications 
require  pulsed  currents  exceeding  the  I A  spec.  For  example, 
an  integrator  reset  switch  discharging  a  shunt  capacitor  will 
produce  a  peak  current  of  Iaipeaki  =  VCap/Ros<on>-  In  this 
application,  it  is  best  to  connect  the  source  to  the  most 
positive  end  of  the  capacitor,  thereby  achieving  the  lowest 
switch  resistance  and  fastest  reset  times.  The  switch  can 
easily  handle  any  amount  of  capacitor  discharge  current 
subject  only  to  the  maximum  heat  dissipation  of  the  package 
and  the  maximum  operating  junction  temperature  from 
which  repetition  rates  can  be  established. 

SWITCHING 

Switching  time  Ion  and  toFF  characteristics  are  plotted  ver- 
sus Vanaloq  and  temperature.  In  all  cases,  toFF  Is  designed 
faster  than  toN  to  insure  a  break-before-make  interval  for 
SPDT  and  DPDT  applications.  The  disable  input  (DIS)  has 
the  same  switching  times  (t0N  and  t0FF)  as  the  logic  inputs 
(INX). 


Switching  transients  occurring  at  the  source  and  drain  con- 
tacts results  from  AC  coupling  of  the  switching  FETs  gate-to- 
source  and  gate-to-drain  coupling  capacitance.  The  switch 
turn  ON  will  cause  a  negative  going  spike  to  occur  and  the 
turn  OFF  will  cause  a  positive  spike  to  occur.  These  spikes 
can  be  reduced  by  additional  capacitance  loading,  lower 
values  of  Rl,  or  switching  an  additional  switch  (with  its  extra 
contact  floating)  to  the  opposite  state  connected  to  the  spike 
sensitive  node. 

DISABLE  NODE 

This  TTL  compatible  node  is  similar  to  the  logic  inputs  INX 
but  has  an  Internal  2pA  current  source  pull-up.  If  disable  Is 
left  unconnected,  it  will  assume  the  logic  "1"  state,  then  the 
state  of  the  switches  is  controlled  only  by  the  logic  inputs  INX. 

POWER  SUPPLIES 

This  product  operates  with  power  supply  voltages  ranging 
from  ±12  to  ±18  volts;  however,  the  specifications  only  gua- 
rantee device  parameters  with  ±  15  volt  ±5%  power  supplies. 
The  power  supply  sensitive  parameters  have  plots  to  Indicate 
effects  of  supply  voltages  other  than  ±15  volts. 


TYPICAL  APPLICATIONS 


OPERATION  FROM  SINGLE  POSITIVE  POWER  SUPPLY 
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Figure  1:  Functional  Applications  of  SW-06 


DUAL  SPOT 


DPOT 


o"""*2  .IS. 

[N3.IN4  IT 


Ot      01  03  02 


APPLICATIONS  INFORMATION 

Thissingle  analog  switch  product  configures,  by  appropriate 
pin  connections,  into  four  switch  applications.  As  shown  in 
Figure  1,  the  SW-06  connects  as  a  QUAD  SPST,  a  DUAL 
SPDT,  a  DUAL  DPST,  ora  DPDT  analog  switch.  This  versatil- 
ity increases  further  when  taking  advantage  of  the  disable 
input  (DIS)  which  turns  all  switches  OFF  when  taken  active 
low. 

Ion-implantation  of  the  JFETanalog  switch  achieves  low  ON 
resistance  and  tight  channel  to  channel  matching.  Combin- 
ing the  low  ON  resistance  and  low  leakage  currents  results  in 
a  worst  case  voltage  error  figure  VERROr  @  125°  C  =  I  D(oni  x 
Rsd(on)-  100nAX  100fl= 11  microvolts.  Thlsamount  of  error 
Is  negligible  considering  dissimilar-metal  thermally-induced 
offsets  will  be  in  the  5  to  15  microvolt  range. 

LOGIC  INPUTS 

The  logic  inputs  ( INX)  and  disable  input  (DIS)  are  referenced 
to  a  TTL  logic  threshold  value  of  two  forward  diode  drops 
(1.4V  at  25°  C)  above  the  GND  terminal.  These  inputs  use 
PNP  transistors  which  draw  maximum  current  at  a  logic  "0" 
level  and  drops  to  a  leakage  current  of  a  reverse  biased  diode 
as  the  logic  Input  voltage  raises  above  1.4  volts.  Any  logic 
input  voltage  greater  than  2.0  volts  becomes  logic  "1",  less 
than  0.8  volts  becomes  logic  "0"  resulting  in  full  TTL  noise 
immunity  not  available  from  similar  CMOS  input  analog 


DUAL  DPST 


switches.  The  PNP  transistor  inputs  require  such  low  Input 
current  that  the  SW-06  approaches  fan-ins  of  CMOS  input 
devices.  These  bipolar  logic  inputs  exceed  any  CMOS  input 
circuit  in  resistance  to  static  voltage  and  radiation  suscepta- 
bility.  No  damage  will  occur  to  the  SW-06  if  logic  high  vol- 
tages are  present  when  the  SW-06  power  supplies  are  OFF. 
When  the  V+  and  V-  supplies  are  OFF,  the  logic  inputs 
present  a  reverse  bias  diode  loading  to  active  logic  inputs. 
Input  logic  thresholds  are  independent  of  V+  and  V-  supplies 
making  single  V+  supply  operation  possible  by  simply  con- 
necting GND  and  V-  together  to  the  logic  ground  supply. 

ANALOG  VOLTAGE  AND  CURRENT 
ANALOG  VOLTAGE 

These  switches  have  constant  ON  resistance  for  analog  vol- 
tages from  the  negative  power  supply  (V-)  to  within  4  volts  of 
the  positive  power  supply.  This  characteristic  shown  in  the 
plots  results  in  good  total  harmonic  distortion,  especially 
when  compared  to  CMOS  analog  switches  that  have  a  20  to 
30  percent  variation  In  ON  resistance  versus  analog  voltage. 
Positive  analog  input  voltages  should  be  restricted  to  4  volts 
less  than  V+  assuring  the  switch  remains  open  circuit  in  the 
OFF  state.  No  increase  in  switch  ON  resistance  occurs  when 
operating  at  supply  voltages  less  than  ±15  volts  (see  plot). 
Small  signals  have  a  3dB  down  frequency  of  70MHz  (see 
insertion  loss  versus  frequency  plot). 
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Precision  Monolithics  Inc. 


SW-201/SW-202 

QUAD  SPST  JFET 
ANALOG  SWITCHES 


FEATURES 
SW-201 

•  Normally  "ON"  for  Logic  0  Input 

•  Improved  Performance  and  Pin  Compatible  With  DG-201, 
LF11201/13201,  HI201,  and  IH201 

SW-202 

•  Normally  "OFF"  For  Logic  0  Input 

•  Improved  Performance  and  Pin  Compatible  With 
LF11202/12202/13202  and  IH202 

Both  SW-201  and  SW-202 

•  Highly  Resistant  to  Static  Discharge  Destruction 

•  Guaranteed  Break-Bet  ore-Make  Switching  (t0FF  <  'on) 

•  Low  "ON"  Resistance   BOH  Max 

•  Guaranteed  R0n  Matching   15%  Max 

•  Low  Ron  Variation  from  Analog  Input  Voltage    5% 

•  High  Analog  Current  Operation   10mA  Min 

•  Low  Leakage  Currents  at  High  Temperatures: 

TA=12S°C   OOnAMax 

TA=  85°  C  30nAMax 

•  Guaranteed  Switching  Speeds: 

'on  =  500ns  Max  Ioff=  400ns  Max 

•  Digital  Inputs  are  TTL  and  CMOS  Compatible 

•  Dual  or  Single  Supply  Operation 

ORDERING  INFORMATION! 

OPERATING 

DIP               SWITCH  CONFIGURATION  TEMPERATURE 
PACKAGE  NC   NO  RANGE 

16-PIN  EPOXY  SW201GP        SW202GP  COM 

t  Burn-i  n  Is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdlp,  plastic  dip.  and  TO-can  packages.  Forordering  Information,  see  1988 
Oata  Book,  Section  2. 

GENERAL  DESCRIPTION 

The  SW-201  and  SW-202  each  consist  of  four  independent, 
single-pole,  single-throw  (SPST)  analog  switches,  which 
may  be  independently  digitally  controlled.  Each  SW-201 


switch  is  normally  closed  (NC),  whereas  each  SW-202  is 
normally  open  (NO)  when  the  corresponding  digital  control 
input  is  a  zero.  The  SW-201  and  SW-202  are  otherwise 
identical. 

The  judicious  combination  of  bipolar  and  FET  devices  in  a 
single  monolithic  IC  results  in  a  product  with  performance 
characteristics  and  ruggedness  that  are  superior  to  those  of  a 
similar  circuit  fabricated  using  CMOS  technology. 

Increased  reliability  is  complemented  by  excellent  electrical 
specifications.  Potential  error  sources  are  reduced  by  min- 
imizing "ON"  resistance  and  controlling  leakage  currents  at 
high  temperatures.  The  switching  FET  exhibits  minimal  R0n 
variation  over  a  20V  analog  signal  range  and  with  power 
supply  voltage  changes.  Operation  from  a  single  positive 
power  supply  voltage  is  possible.  With  V+  =  36V,  V- = 0V,  the 
analog  signal  range  will  extend  from  ground  to  +32V. 

The  PNP  logic  inputs  are  TTL  and  CMOS  compatible.  Logic 
inputcurrentsareat  micro-ampere  levels  which  improves  circuit 
fan  in. 

PIN  CONNECTIONS 


16-PIN  DUAL-IN-LINE  PACKAGE 
(P  Package) 
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SW-201  CONTROL  LOGIC 


SW-202  CONTROL  LOGIC 
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SIMPLIFIED  SCHEMATIC  DIAGRAM  (ONE  SWITCH) 
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Manufactured  under  the  following  patent:  4,228,367 
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SW-201/SW-202  QUAD  8PST  JFET  ANALOG  SWITCHES 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 


Operating  Temperature  Range 

SW-201GP,  SW-202GP   0°Cto+70<,C 

DICE  Junction  Temperature  (Tj)    -65oCto+150°C 

Storage  Temperature  Range   -65°  C  to  + 150"  C 

P-Suffix   -65°Cto+125°C 

Power  Dissipation  (Note  2)   900mW 

Lead  Temperature  (Soldering,  60  sec)   300° C 

Maximum  Junction  Temperature   150°  C 

V+  Supply  to  V-  Supply   36V 

V+ Supply  to  Ground    36V 

Logic  Input  Voltage   (-4V  or  V-)  to  V+  Supply 


Analog  Input  Voltage  Range 

Continuous   V-  Supply  to  V+  Supply  +20V 

1%  Duty  Cycle  and  Driving 

all  4  Inputs  with 

500mS6C  pulse    V- Supply -15V  to  V+ Supply +20V 

Maximum  Current  Through  Any  Pin   30mA 

NOTES: 

1.  Absolute  ratings  apply  to  bolh  Dl  CE  and  packaged  parts,  unless  otherwise 
noted. 

2.  Derated  12mW/°C  above  7S*C. 


ELECTRICAL  CHARACTERISTICS  at  V±  =  +15V  and  TA  =  25°  C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

SW-201 G 
SW-202G 
MIN  TYP 

MAX 

UNITS 

"ON"  Resistance 

RON 

VA  =  0V,  ls=1mA 
VA  =  ±10V.  Is=  1mA 

—  too 

—  too 

150 

150 

n 

Ron  Match  Between 
Switches 

Ron  Match 

VA  =  0V.  I„=100,iA; 
I  Note  1 1 

20 

% 

Analog  Voltage  Range 

VA 

Is  =  1.0mA 

"  <Note6l 

ls=  1.0mA 

+10  +11 
-10  -15 

V 

Analog  Current  Range 

Ia 

VS  =  ±10V 

5  10 

_ 

mA 

ARqn  vb  Applied  Voltage 

aRon 

Vs<  10V.  Is=  1mA 

-  10 

20 

% 

Source  Current  In 
"OFF"  Condition 

!S  .OFFi 

Vs=  10V.VD  =  -10V. 
iNote  5> 

10 

nA 

Drain  Current  In 
"OFF"  Condition 

'd  lOFFi 

Vs=10V.Vo  =  -10V. 
INoteS) 

10 

nA 

Leakage  Current  in 
"ON"  Condition 

'SlONit 
'OiONi 

V..  =  Vm  =  +  10V  IIMntA^i 

10 

nA 

Logical  "1"  Input  Current 

'|NH 

V,N  =  2Vlo  15V,  |Nole4| 

10 

cA 

Logical  "0"  Input  Current 

'|NL 

V,N  =  0.8 

—  1.5 

10.0 

/-A 

Turn-On-Time 

'on 

See  Switching  Time 
Test  Circuit,  iNote7i 

—  340 

700 

ns 

Turn-Ofl-Time 

•off 

See  Switching  Time 
Test  Circuit,  (Note7i 

-  200 

500 

ns 

Break<Betore-Make  Time 

'ON-1OFF 

INote  3) 

50  140 

ns 

Source  Capacitance 

CS  1OFF1 

VA  =  0V.  i  Note  Si 

—  7 

PF 

Drain  Capacitance 

CDlOFFi 

VA  =  ov.  iNoteSi 

—  5.5 

PF 

Channel  "ON"  Capacitance 

CoiON,  + 
CSlONi 

Vs  =  VD  =  0V.  {Note  Si 

-  15 

pF 

"OFF"  Isolation 

'SO  iOFFi 

VS  =  5V,,US.  RL  =  680(1. 

CL  =  7pF.  t  =  5O0kHz.  (Note  5| 

-  58 

d8 

Crosstalk 

Ct 

VS=5VBMS.  RL  =  680(1. 

CL  =  7pF.  1  =  500kHz.  iNote  5) 

—  70 

dB 

Positive  Supply  Current 

1+ 

All  Channels  "ON".  1N0I0  Si 

—  4 

12 

mA 

Negative  Supply  Current 

1- 

All  Channels  "ON",  iNote  Si 

—  1 

6.5 

mA 

Positive  Supply  Current 

1  + 

All  Channels  "OFF". 
{Note  Si 

-  6 

12 

mA 

Negative  Supply  Current 

1- 

All  Channels  "OFF". 
I  Note  Si 

—  4 

8 

mA 

Ground  Current 

'o 

All  Channels  "ON" 
or  "OFF" 

-  3 

S 

mA 

3 


H-l 

Ph 

I— I 

b 

x 

t— 4 

I 

o 
o 

H-l 

< 
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SW-201/SW-202  QUAD  8PSTJFET  ANALOG  SWITCHES 


ELECTRICAL  CHARACTERISTICS  at  V±  =  ±15V,  0°C<  TA<  70° C,  unless  otherwise  noted. 


SW-201G 

SW-202G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

UNITS 

Temperature  Range 

TA 

Operating 

0  - 

70 

•c 

"ON"  Resistance 

HON 

V*  =  0V,  l0=1mA 
VA-±10V.  I0=  1mA 

175 
175 

Ron  Match  Between 
Switches 

Ron  Match 

va  =  ov.  'o  =  ,00<^ 
(Noteli 

—  10 

% 

Analog  VoUage  Range 

ls  =  1.0mA  ..  . 
5          (Note  61 
ls  =  1.0mA 

+  10  +11 
-10  -15 

— 

V 

MiHiivy  wuiitjni  noiiyv 

'A 

Vg  =  ±  to.ov 

—  11 

mA 

ARqn  With  Applied  Voltage 

.IRon 

Vs£  +10V 
ls=  1mA 

—  15 

- 

* 

Source  Current  in 
"OFF"  Condition 

■s  1OFF1 

Vs=  10V.VD  =  -10V. 
1  Note  5) 

Ta  "  Max.  Operating  Temp. 

- 

60 

nA 

Drain  Current  in 
"OFF"  Condition 

'DiOFFi 

VS=10V.  V0  =  -10V. 
( Note  5| 

TA  =  Max.  Operating  Temp. 

60 

nA 

Vg  =  Vq  —  ±10V.  (Note  5) 

60 

nA 

"ON"  Condition 

'DiONi 

TA  =  Max.  Operating  Tomp. 

Logical  "1"  Input  Voltage 

VINH 

(Note  6) 

Logic  "0"  Input  Voltage 

V(NL 

(Note  6) 

0.8 

V 

Logical  "1"  Input  Current 

'|NH 

V(N  =  2V  to  15V,  (NotB  A) 

15 

jiA 

Logical  "0"  Input  Current 

'iNL 

VIN-0.B 

—  5 

15 

liA 

Turn-On-Time 

*ON 

See  Switching  Test  Circuit. 
(Note  2i 

1000 

ns 

Tum-Ofl-Time 

*OFF 

See  Switching  Test  Circuit. 
(Note  2) 

500 

ns 

Break-Before-Make  Time 

*ON''OFF 

(Note  3i 

—  50 

- 

ns 

Positive  Supply  Current 

1  + 

Alt  Channels  "ON".  (Note  5| 

15.8 

mA 

Negative  Supply  Current 

1- 

All  Channels  "ON",  (Note  5i 

14.5 

mA 

Positive  Supply  Current 

1  + 

All  Channels  "OFF', 
(Note  5) 

18 

mA 

Negative  Supply  Current 

1- 

All  Channels  "OFF", 
(Note  5» 

14.5 

mA 

Ground  Current 

'g 

All  Channels  "ON" 
or  "OFF- 

10.0 

mA 

NOTES: 

1.  VA  =  0V.  ID  =  100pA.  Specified  as  a  percentage  of  Raverage  where: 

RON  t  +  RCN2  +  RON3  +  RON4 
^AVERAGE =  4 

2.  Guaranteed  by  design. 

3.  Switch  is  guaranteed  by  design  to  provide  break-before-mske  operation. 

4.  Current  tested  at  VjN  =  2V.  This  is  worst  case  condition. 

5.  Switch  being  tested  ON  or  OFF  as  indicated,  V1NH  =  2V  or  V1NL  =  0.8V,  per 
logic  truth  table. 

6.  Guaranteed  by  RONand  leakage  tests.  For  normal  operation  analog  signal 
voltages  should  be  restricted  to  less  than  (V+i  -4V. 

7.  Sample  tested. 
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PMI) 


SW-201/SW-202  QUAD  SPST  JFET  ANALOG  SWITCHES 


DICE  CHARACTERISTICS 


DIE  SIZE  0.101  X  0.097  Inch,  9797  sq.  mils 
(2.565  X  2.464  mm,  6.320  sq.  mm) 


1.  IN1 

2.  D1 

3.  S1 

4.  V-  (SUBSTRATE) 

5.  GND 

6.  S2 

7.  D2 
a.  IN2 


9.  IN3 

10.  D3 

11.  S3 

12.  V+ 

14.  S4 

15.  D4 

16.  IN4 


For  additional  DICE  ordering  Information,  reler 
to  1988  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  V+  =  15V,  V- 


■15V,  TA 


25 °C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

SW-201N 
SW-202N 
LIMIT 

SW-201G 
SW-202G 
LIMIT 

UNITS 

"ON"  Resistance 

-10VSVAS10V,  ls£1mA 

80 

100 

[i  MAX 

R0n  Mismatch 

R0N  Match 

VA  =  0V,  lsS100pA 

15 

20 

%MAX 

•lRON  vsVA 

Vs<  10V.  Is=  1mA 

15 

20 

%  MAX 

Positive  Supply 

l+ 

I  Note  1) 

9 

10.5 

mA  MAX 

Negative  Supply  Current 

I- 

(Note  1) 

6 

7 

mA  MAX 

Ground  Current 

Ig 

4 

4 

mA  MAX 

Analog  Voltage  Range 

vA 

ls=  1mA  (Note  3) 

±10 

±10 

V  MIN 

Logic  "1"  Input  Voltage 

V,NH 

(Note  3) 

2 

2 

V  MIN 

Logic  "0"  Input  Voltage 

v,NL 

Note  3) 

0.8 

08 

V  MAX 

Logic  "0"  Input  Current 

I.NL 

0V£VIN<0.8V 

5 

5 

,iA  MAX 

Logic  "1"  Input  Current 

'iNH 

2V<  V,N<  15V.  (Note  21 

5 

5 

,iA  MAX 

Analog  Current  Range 

1* 

Vs=  ±10V 

10 

7 

mA  MIN 

NOTE: 

Electrical  tests  are  performed  al  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  V+  =  15V,  V- 

=  -15V  and  TA  = 

25° C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

SW-201N 
SW-202N 
TYPICAL 

SW-201G 
SW-202G 
TYPICAL 

UNITS 

"ON"  Resistance 

RON 

-10V<  VA<  10V.  Is<  1mA 

60 

60 

n 

Turn-On-Time 

'on 

340 

340 

ns 

Turn-Off-Time 

'off 

200 

200 

ns 

Drain  Current  in 
"OFF"  Condition 

'diOFFi 

Vs=  10V.  VD  =  -10V 

0.3 

0.3 

nA 

"OFF"  Isolation 

'SO  (OFFi 

f  -  500kHz.  RL=  680(1 

58 

58 

dB 

Crosstalk 

CT 

f  =  500kHz,  RL=  680(1 

70 

70 

dB 

oS 
X 

>— I 
C 

b 

D 


on 
W 

X 

u 

H 

O 
O 

< 
2 
< 


NOTES: 

1.  Power  supply  and  ground  current  specified  lor  switch  "ON"  or  "OFF". 

2.  Current  tested  at  VIN  =  2V.  This  is  worst  caso  condition. 

3.  Guaranteed  by  R0N  and  leakage  tests. 
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 |p^|^SW-201/SW-202  QUAD  3PST  JFET  ANALOG  SWITCHES 

TYPICAL  PERFORMANCE  CHARACTERISTICS 


"ON"  RESISTANCE  vs  SWITCHING  TIME  vs  SWITCHING  TIME  V8 

ANALOG  VOLTAGE  (VA)  TEMPERATURE  ANALOG  VOLTAGE 


ANALOG  INPUT  VOLTAGE— Va  (VOLTSI  TEMPERATURE  TCI  ANALOG  INPUT  VOLTAGE  (VOLTSI 


CROSSTALK  AND  "OFr  LEAKAGE  CURRENT  vs 

Ron  vs  TEMPERATURE  ISOLATION  vs  FREQUENCY  TEMPERATURE 


"ON"  RESISTANCE  vs  SWITCH  CURRENT  vs  SWITCH  CAPACITANCE  vs 

POWER  SUPPLY  VOLTAGE  VOLTAGE  ANALOG  VOLTAGE 


POWER  SUPPLY  VOLTAGE  (VOLTS  SWITCH  CURRENT  (mA)  ANALOG  VOLTAGE  (VOLTS) 
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PMI> 


SW-201/SW-202  QUAD  SPST  JFET  ANALOG  SWITCHES 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


SW-201 

Woff  SWITCHING  RESPONSE 


-ov 


TOP  TRACE:  LOGIC  INPUT  (5V/DIV) 
BOTTOM  TRACE:  SWITCH  OUTPUT  I1V/DIV) 


SW-202 

Woff  SWITCHING  RESPONSE 

:  — ov 


TOP  TRACE:  LOGIC  INPUT  I5V/DIV) 
BOTTOM  TRACE:  SWITCH  OUTPUT  HVfDIV) 


OFF  ISOLATION 


TEST  CIRCUIT 


SWITCHING  TIME  TEST  CIRCUIT 


s. 

V,  -  .H  C— 


T  i 


JK  J_< 
V 


Htl>HTTtJTfO«IN,.1lt,.«™  ID, 


CROSSTALK  TEST  CIRCUIT 


-  1-UQkHl 


T 


cnosst*nc  -  :oioo  - 


c,  -  w 

Vol 

 0  <- 


FT 


SW-201  WAVEFORMS 


SW-M1  OUTPUT 


r 


_  r    »  -  .-  - 


*SWITCH  OUTPUT  WAVEFORM  SHOWN  FOR  ^  -  CONSTANT  WITH  LOGIC  INPUT 
WAVEFORM  AS  SHOWN.  VQ  IS  THE  STEAOY  STATE  OUTPUT  WITH  SWITCH  ON. 


SW-202  WAVEFORMS 


SW-201  OUTPUT 


\  -0  9Vo 


♦SWITCH  OUTPUT  WAVEFORM  SHOWN  FOR  Vj  -  CONST/ NT  WITH  LOGIC  INPUT 
WAVEFORM  AS  SHOWN.  Vn  IS  1  HE  STEAOV  STATE  OUTPUT  WITH  SWITCH  ON. 


1/3 

X 

E 


MJ 
X 

U 
H 


CJ 

O 
i— i 
< 
2 
< 
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SW-201/SW-202  QUAD  SPOT  JFET  ANALOG  SWITCHES 


APPLICATIONS  INFORMATION  OPERATION  FROM  SINGLE  POSITIVE  POWER  SUPPLY 


This  analog  switch  employs  Ion-implanted  JFETs  in  a  switch 
configuration  designed  to  assure  break-before-make  action. 
The  turn-off  time  is  much  faster  than  the  turn-on  time  to 
guarantee  this  feature  over  the  full  operating  temperature 
and  input  voltage  range.  Fabricated  with  Bipolar-JFET  pro- 
cessing rather  than  CMOS,  special  handling  is  not  necessary 
to  prevent  damage  to  these  switches.  Because  the  digital 
inputs  only  require  a  2V  logic  "1"  input  level,  power- 
consuming  pullup  resistors  are  not  required  forTTL  com- 
patibility to  insure  break-before-make  switching  as  is  most 
often  the  case  with  CMOS  switches.  The  digital  inputs  utilize 
PNP  input  transistors  where  input  current  is  maximum  at  the 
logic  "0"  level  and  drops  to  that  of  a  reverse-biased  diode  as 
the  input  voltage  is  raised  above  »  1.4V. 

The  "ON"  resistance,  Ron-  °'  the  analog  switches  is  constant 
over  the  wide  input  voltage  range  of  -15V  to  +11V  with 
Vsupplv  =  ±15V.  For  normal  operation,  however,  positive 
input  voltages  should  be  restricted  to  11 V  (or  4V  less  than  the 
positive  supply).  This  assures  that  the  VQSof  an  OFF  switch 
remains  greater  than  its  VP,  and  prevents  that  channel  from 
being  falsely  turned  ON.  Individual  switches  are  "ON"  with- 
out power  applied. 


V*<*MV 

I- 

1/4  8W201 

,  VooT 

1  TTIORCM09  !  1 

1      cute  J 

0 

F 

TYPICAL  APPLICATIONS 

PROGRAMMABLE  GAIN  NONINVERTING  AMPLIFIER  WITH  SELECTABLE  INPUTS 


+1SV  -1SV 


CH. 
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Precision  Monolithics  Inc. 


SW-7510/SW-7511 


QUAD  SPST  JFET 
ANALOG  SWITCHES 


FEATURES 

•  Pin  Compatible  with  AD7510  Dl,  AD7511  Dl 

•  JFET  Switches  Rather  than  CMOS 

•  Highly  Resistant  to  Static  Discharge  Damage 

•  Radiation  Resistant 

•  No  SCR  Latch-up  Problems 

•  Low  "ON"  Resistance  —  75(1  Max 

•  Superior  "OFF"  Isolation  and  Crosstalk 

•  Digital  Inputs  Compatible  with  TTL  and  CMOS 

•  No  Pull-Up  Resistors  Required  to  Insure 
Break-Before-Make  Action  with  TTL  Inputs 

ORDERING  INFORMATION! 


TYPICAL 
25°  C 
RESISTANCE 

PACKAGE 
HERMETIC 
DIP 

TEMPERATURE 
RANGE 

6011 

SW7510AQ' 
SW7510EQ 

MIL 
IND 

8011 

SW7510BQ' 
SW7510FQ 

MIL 
IND 

6011 

SW7511AQ* 
SW7511EQ 

MIL 
IND 

6011 

SW7511BQ- 
SW7511FQ 

MIL 
IND 

'  For  devices  processed  in  total  compliance  to  MIL-STD-863.  add  /B83  after 
part  number.  Consult  factory  lor  883  data  sheet. 

tBurn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 
Data  Book,  Section  2. 


SCHEMATIC  DIAGRAM  (Typical  SW-7510  Switch) 


GENERAL  DESCRIPTION 

The  SW-7510/751 1  are  monolithic  linear  devices,  each  con- 
taining four  independently  selectable  SPST  analog  switches. 
The  SW-7510  operates  normally-open  with  logic-low  inputs. 
The  SW-7S1 1  operates  normally-closed  with  logic-low  inputs. 
All  logic  inputs  are  fully  TTL  input  compatible. 

Performance  advantages  include  exceptionally  high  "OFF" 
isolation,  low  leakage  current  and  low  crosstalk.  Data  con- 
version, position  controllers,  choppers,  demodulators  and 
programmable-gain  amplifiers  are  popular  SW-7510/751 1 
circuit  applications. 

The  PMI  Bipolar-JFET  process  reduces  susceptibility  to 
electrostatic  destruction  and  offers  a  high  resistance  to  radi- 
ation exposure.  Plus,  total  freedom  from  the  intrinsic  SCR 
latch-up  problems  encountered  in  equivalently  manufac- 
tured CMOS  products. 

PIN  CONNECTIONS 


16-PIN  HERMETIC  DUAL-IN-LINE 
(Q-Sufflx) 

CONTROL  LOGIC: 
SW-7510:  Switch  "ON" 

for  Address  "HIGH" 
SW-7511:  Switch  "ON" 

for  Address  "LOW" 


P-, 

b 

MJ 

X 

o 
o 

< 
2 
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SW-7S10/SW-7511  QUAD  SPST  JFET  ANALOG  SWITCH 


ABSOLUTE  MAXIMUM  RATINGS  (TA  =  25°C,  unless  otherwise  noted |. 


Operating  Temperature  Range,. 

SW-7510/7511AQ,  BQ    -55°C  to +125°C 

SW-7510/7511EQ.  FQ   -25°Cto+85°C 

DICE  Junction  Temperature  (Tj)    -65°C  to  +150°C 

Storage  Temperature  Range   -65°  C  to  + 150°  C 

Power  Dissipation    500m W 

Derate  above  100°  C   10mW/°C 

Lead  Temperature  (Soldering,  60  sec)   300°C 

Maximum  Junction  Temperature   150"C 

V+  Supply  to  V-  Supply   36V 


V+ Supply  to  Ground    36V 

Logic  Input  Voltage   (-2V  or  V-)  to  V+ Supply 

Analog  Input  Voltage 

Continuous   V-  Supply  to  V+  Supply  +20V 

1%  Duty  Cycle  and  Driving 

all  4  Inputs  with 

500jis  pulse    V- Supply -15V  to  V+ Supply +20V 

Maximum  Current  Through  Any  Pin   25mA 

NOTE:  Absolute  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V  and  TA=  +25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

SW-7510A/E 
SW-7511A/E 

MIN      TYP  MAX 

SW-7510B/F 
SW-7511B/F 
MIN      TYP  MAX 

UNITS 

"ON"  Resistance 

"on 

vD  =  0V,  lDS=  1mA 

- 

60 

75 

- 

60 

100 

11 

AR0N  vs.  VD  |VS) 

■iRoN 

VD<  10V.  ID=  1mA 

- 

15 

- 

- 

15 

- 

% 

Ron  Match  of  Switches 

Ron  Match 

Vrj  =  0V.  Ips  —  1mA 

1.5 

10 

1.5 

10 

Analog  Voltage  Range 

ls=  1mA  (Note  5) 

+  10 
-10 

+11 
-15 

+10 
-10 

+11 
-15 

V 

"OFF"  Leakage  Current 

'siOFFl-  'diOFFi 

Vs  =  +  10V.  VD  =  -tOV.  (Note  1 ) 

1.0 

3.0 

nA 

"ON"  Leakage  Current 

'SiONi  +  'diON) 

Vs  =  Vo  =  +10v.  (Notel) 

1.0 

3.0 

nA 

Logic  "1"  Voltage 

VlNH 

(Note  Si 

2.0 

2.0 

V 

Logic  "0"  Voltage 

V.NL 

(Note  5) 

0.8 

0.8 

V 

Logic  "0"  Current 

'mi 

V,„=+0.4V 

1.5 

3.5 

1.5 

3.5 

fA 

Logic  Input  Capacitance 

CDI3 

V1N  =  +0.4V 

1.5 

1.5 

PF 

"ON"  Switching  Time 

'on 

Vs  =  -SV,  RL  =  ika  CL  =  7pF.  (Note  4) 

350 

450 

450 

550 

ns 

"OFF"  Switching  Time 

'off 

VS  =  -5V.  RL=  1ka  CL=  7pF.  (Note  4) 

260 

300 

350 

450 

ns 

"OFF"  Isolation 

ISOqff 

(Note  2) 

66 

66 

dB 

Crosstalk 

Ct 

(Note  3) 

70 

70 

dB 

Analog  "OFF'  Capacitance 

CS(OFF).  Cd(OFF) 

vs=>v.vD=o 

6.5 

6.5 

PF 

Analog  "ON"  Capacitance 

CS(ON)'  CDION> 

vs=ov.v0=o 

t4 

14 

PF 

Feedthrough  Capacitance 

Cdsioffi 

Vs  =  0V 

0.8 

0.8 

PF 

Channel  Capacitance 

CSS(OFF). 
COD(OFFI 

vs=ov 

Vs  =  0V 

0.4 
0.4 

0.4 
0.4 

PF 

Positive  Supply  Current 

l  + 

Logic  Inputs  at  "0"  or  "1" 

5.0 

9.0 

3.0 

9.0 

mA 

Negative  Supply  Current 

I- 

Logic  Inputs  at  "0"  or  "1" 

2.8 

5.0 

1.7 

5.0 

mA 

NOTES: 

1.  The  conditions  listed  specify  the  worst  case  leakage  currents.  The  leakage 
currents  apply  equally  to  source  (S)  or  drain(D). 

2.  OFF  isolation  is  measured  by  driving  the  source  ol  any  OFF  switch  and 
observing  the  voltage  which  appears  on  the  drain.  The  conditions  are: 
RL  =  680n.  CL  -  7pF.  Vs  =  5VRMS,  f  =  100kH2. 

3.  Crosstalk  is  measured  by  driving  source  of  any  OFF  switch  and  observing 
voltage  which  appears  on  any  other  "ON"  output  drain.  The  conditions 
are:  RL  =  6800.  CL  =  7pF.  Vs  =  5VRMS.  t  =  100kHz. 

4.  Sample  tested. 

5.  Guaranteed  by  R0N  and  leakage  tests.  For  normal  operation  maximum 
analog  signal  voltages  should  be  restricted  to  less  than  ( V+)  ~4V. 
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SW-7510/SW-7511  QUAD  SPST  JFET  ANALOG  SWITCH 


ELECTRICAL  CHARACTERISTICS  at  VS  =  ±15V,  -55°C  <  TA  <  +125°C  for  SW-7510AQ,  BQ  and  SW-7511AQ,  BQ;  and 
-2S°C  <  TA <  +85°C  for  SW-7510EQ,  FQ  and  SW-7511EQ,  FQ,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

SW-7510A/E 
SW-7511A/E 
MIN      TYP  MAX 

SW-7S10B/F 
SW-7S11B/F 

MIN      TYP  MAX 

UNITS 

"ON"  Resistance 

RON 

VD  =  0V.  lDS=1mA 

100 

150 

I) 

SRqh  vs.  Temperature 

AR0N  Drift 

VD=0V.  los=1mA 

0.4 

0.5 

vc 

Analog  Voltage  Range 

VA 

ls=1mA(Note4) 

+10 
-10 

+11 
-16 

+10 
-10 

+  11 
-15 

V 

"OFF"  Leakage  Current 

•sioffm  'dioffi 

Vs  =  +10V.  VD  =  -10V.  (Notes  1, 31 

80 

100 

nA 

"ON"  leakage  Current 

'sjONI  +  'DlONt 

Vs  =  VD  =  +  10V.  (Notes  1.3) 

SO 

100 

nA 

Logic  "  V  Voltage 

V,NH 

(Note  4) 

2.0 

2.0 

V 

Logic  "0"  Voltage 

V,NL 

(Note  4) 

0.8 

0.8 

V 

Logic  "0"  Current 

'|NL 

VIN  =  +0.4V 

5.0 

7.0 

MA 

"ON"  Switching  Time 

lON 

Vs  =  -SV,  RL  =  1kn,  CL  =  7pF  (Note  2) 

600 

1000 

ns 

"OFF'  Switching  Time 

•off 

Vs  =  -5V,  RL  =  1kn,  CL  =  7pF  (Note  2) 

500 

760 

ns 

Positive  Supply  Current 

1  + 

Logic  Inputs  at  "0"  or  "1 " 

13 

13 

mA 

Negative  Supply  Current 

Logic  Inputs  at  "0"  or  "1 " 

7.5 

IS 

mA 

NOTES: 

1.  Theconditions  listed  specify  the  worst  case  leakagecurrents.  The  leakage 
currents  apply  equally  to  source  (S)  or  dratniD). 

2.  Guaranteed  by  design. 

3.  Tested  at  125°  C  only  for  "A"  and  "B"  grades. 

4.  Guaranteed  by  R0N  and  leakage  tests. 
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WAFER  TEST  LIMITS  at  V+  =  +  15V,  V- = -15V,  TA  =  25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

SW-7510N/ 
SW-7511N 
LIMIT 

SW-7510G/ 
SW-7511G 
LIMIT 

UNITS 

""ON-'  Resistance 

R0N 

VD  =  0V.  IDS=  1mA 

75 

100 

11  MAX 

Logic  "1"  Voltage 

V,NH 

.  Note  1 1 

2.0 

2.0 

V  MIN 

Logic  "0"  Voltage 

V,NL 

Note  11 

0.6 

OB 

V  MAX 

Logic  "0"  Current 

'  INI 

V,N=  +0.4V 

3.5 

3.5 

liA  MAX 

Positive  Supply  Current 

l  + 

Logic  Inputs  at  "0" 

9 

9 

mA  MAX 

Negative  Supply  Current 

I- 

Logic  Inputs  at  "0"' 

5 

5 

mA  MAX 

NOTES: 

1.   Guaranteed  by  R0N  and  leakage  tests 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  lo  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  V+  =  +  15V,  V-  =  -15Vand  TA  =  25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

SW-7510N/ 
SW-7511N 
TYPICAL 

SW-7510G/ 
SW-7511G 
TYPICAL 

UNITS 

"ON"  Resistance 

RON 

Vo=0V.  IDS=  1mA 

60 

60 

11 

RON  vs.  Temperature 

RON  Drill 

VD=0V.  los=1mA 

0.4 

0.5 

%/°C 

"ON"  Switching  Time 

Ion 

VS  =  -5V.  RL=  1  kll.  CL  =  7pF 

350 

450 

ns 

"OFF"  Switching  Time 

•off 

VS  =  -5V.  RL=  1  kll.  CL  =  7pF 

260 

350 

ns 

13-36 


8/87,  Rev.  B 


 pj^|^SW-7510/7511  QUAD  SPST  JFET  ANALOG  SWITCH  

TYPICAL  PERFORMANCE  CHARACTERISTICS  (Apply  to  all  models,  unless  otherwise  noted) 


LARGE-SIGNAL  SWITCHING  LARGE-SIGNAL  SWITCHING  SMALL-SIGNAL  SWITCHING 


V.  »  +10V.  R.  =  1kH,  C.  -  13pF  V.  =  -10V,  R.  =  1kn.  C.  -  100pF  V.  =  OV.  R.  =  1kn.  C.  -  13pF 

A  L  u  A  L  L  All 


SMALL-SIGNAL  SWITCHING  SMALL-SIGNAL  SWITCHING 

WITH  FILTERING  SMALL-SIGNAL  SWITCHING  WITH  FILTERING 


VA  -  500mV,  R,  =  1kn.CL  •  13pF  V..  =  500mV.  R.l  -  1kn,  Cj_  =  lOOpF  <; 


NOTE: 

Upper  Photo  Traces:  Logic  Control  Signal  Ax  (5V/DIV) 
Lower  Photo  Traces:  Switch  Outputs  VD 
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SW-7510/SW-7511  QUAD  SPST  JFET  ANALOG  SWITCH 


TYPICAL  PERFORMANCE  CHARACTERISTICS  (Apply  to  all  models,  unless  otherwise  noted) 

Ron  vs  TEMPERATURE 


"ON"  RESISTANCE  (Ron)  vs 
ANALOG  VOLTAGE  (VA) 


NORMALIZED  Ron  vs 
SWITCH  CURRENT  (ls) 


i  i — i — 

V*  ■  +1SV 

-  V-  -  -15V  " 
TA  -  25"C 

-  Ipg  •  *lmA- 


■BV.75I0/11B.F 


SW-7S10/1IA.E 


-10  -8-6-4-2     0     2     4     6  8 
Va-ANAIOO  INPUT  VOLTAGE  IVOLTSI 


1 

V 

1.0V 

V*  -  tlSV 
V---15V 
TA-2S"C 

V 

A- 

-1.0\ 

-5-4    -3-2    -1  0 

ls  fcnAI 


1      2      3      4  5 


ISO 

180 

140 

120 

s 

100 

§ 

eo 

80 

40 

20 

0 

I  I 
_  V>  -  «16V 
V-  -  -IS 
l~  -  InU 

1/ 

> 

0V 

SI 

FT-76 

0/11 

9 

rY-75 

10/11  A.E 

-40  -30    0     20    40    60    SO   100  120  140 
TEMPERATURE  fC) 


SWITCH  LEAKAGE  CURRENTS 
vs  ANALOG  INPUT  VOLTAGE 

300 
270 
240 
210 

3  1B0 

2 

tc 

5  120 


1  I 

V*  •  ♦  ISV 
V-  ■  -15V 
T*  •  2S*C 

!<° 

■d  l 

IS 

ONI 

i 

lD  <OFFI 

SWITCH  CAPACITANCES 
vs  ANALOG  VOLTAGE  (VA) 


3  • 


V 
V- 

■♦16V 
--1SV 

*A 

■2«* 

C 

H 

ONI 

c 

FF> 

SUPPLY  CURRENTS 
vs TEMPERATURE 


1  1  1 

V*  •  *15V 

/-  - 

-IS! 

1 

7H1 

(11A 

,E  _ 

1 

SVi 

751 

/11A 

,E  ~ 

-4-2     0  2 

VA  IVOLTS) 


-80-40  -20    0    20    40    60    80  100   120  140 
TEMPERATURE  PCI 


DIGITAL  INPUT 

CURRENT  Iinl  CROSSTALK  AND  "OFF'  SWITCHING  TIMES 

vs  TEMPERATURE  ISOLATION  vs  FREQUENCY  .    vs  TEMPERATURE 


TEMPERATURE  PC)  FREQUENCY  (Mil  TEMPERATURE  PCI 
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SW-7S10/SW-7S11  QUAD  SPST  JFET  ANALOG  SWITCH 


AC  TEST  CIRCUITS 

CROSSTALK  MEASUREMENT  CIRCUIT 


•  15V  -isv 

1_L 


V*  V- 


CROSSTALK  -  »  LOG  ^ 


FOR  SW-nil  REVERSE  VOLTAGE  TO  A,  ANO  Aj. 


ISOLATION  MEASUREMENT  CIRCUIT 


•isv  -tsv 

JL_1 


FOR  SW-7S11  CONNECT  A.  TO  *SV. 


T 


OFF  UOLATtON  -  20  LOO  ; 


SWITCHING  TIME  TEST  CIRCUIT 


JT-TL  ? 9 


♦  15V  -15V 


V*  V- 
A  GNO 


SW-7SU   ||  


o|— Vv\- 


APPLICATIONS  INFORMATION 

This  analog  switch  employs  Ion-implanted  JFETs  in  a  switch 
configuration  designed  to  assure  break-before-make  action. 
The  turn-off  time  is  much  faster  than  the  turn-on  time  to 
guarantee  this  feature  over  the  full  operating  temperature 
and  input  voltage  range.  Because  the  digital  inputs  only 
require  a  2.0V  logic  "1"  input  level,  power-consuming  pull-up 
resistors  are  not  required  for  TTL  compatibility  to  insure 
break-before-make  switching  as  is  most  often  the  case  with 
CMOS  switches.  The  digital  inputs  utilize  PNP  input  transis- 
tors where  input  current  is  maximum  at  the  logic  "0"  level  and 
drops  to  that  of  a  reverse-biased  diode  (about  10nA)  as  the 
input  voltage  is  raised  above  »  1 .4V. 

The  "ON"  resistance,  Ron.  of  the  analog  switches  is  constant 
over  the  wide  input  voltage  range  of  -15V  to  +11 V  with 


Vsupply  =  ±  15V.  Higher  input  voltage  is  tolerable  provided 
that  some  form  of  current  limiting  is  employed  (such  as  that 
of  an  op-amp  output  stage)  to  avoid  exceeding  junction 
temperature  and  power  dissipation  requirements.  For  normal 
operation,  however,  positive  input  voltages  should  be 
restricted  to  11V  (or  4V  less  than  the  positive  supply).  This 
assures  that  the  VQSof  an  OFF  switch  remains  greater  than  its 
Vp,  and  prevents  that  channel  from  being  falsely  turned  ON. 
Individual  switches  are  "ON"  without  power  applied. 

Proper  switching  requires  the  "Source"  terminal  be  con- 
nected to  the  input  driving  signal. 

LATCHING  DPDT  SWITCH 


Ji. 


J. 


SW7S10EO 
V-  GNO 

T~TT 


Command 


Truth  Table 

State  of  Switches 
Alter  Command 


Ao 

A, 

S2andS3 

S1  and  S3 

1 

1 

same 

same 

0 

1 

on 

off 

1 

0 

off 

on 

0 

0 

INDETERMINATE 

INTEGRATOR  WITH  ANALOG  RESET  AND 
START/STOP  CAPABILITY 


SW75,Cf0  "V r — 


-,6V  " 

O  O+IBV 

kJ<  1 

JLTxJ7 

v0-i 

NOTE:  Applications  show  SW-7510.  For  SW-7511  applications  the  logic  ii 
inverted. 
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SW-7510/SW-7511  QUAD  SPST  JFET  ANALOG  SWITCH 


TYPICAL  APPLICATIONS 

ACTIVE  LOW-PASS  FILTER  WITH  DIGITALLY  SELECTED  BREAK  FREQUENCY 


♦  16V 


fC4 
f SELECT 

O  


fC3 

SELECT 


fC2 

SELECT 


SELECT 


C4-  15QpF 

— II — ! 


C2  •  O.OtSnF 

— Ih- 1 


I 


R3  -  1M  -15V 
— VA  


"  DP  02  Of  EN"" 

\  LOOP  GAIN 


AL  (VOLTAGE  GAIN  BELOW  BREAK  FREQUENCY)  = 


"3  = 


100<40<1B) 


fc  (BREAK  FREQUENCY) ' 


2irR3Cx 


f.  (UNITY  GAIN  FREQUENCY)  =  r—— 


NOTE:  Applications  show  SW-7510.  For  SW-7511  applications  the  logic  is 
inverted. 


13-40 


8/87,  Rev.  B 


PMi) 


MUX-08/MUX-24 

8  -  CHANNEL/DUAL  4-CHANNEL  JFET  ANALOG  MULTIPLEXERS 
(OVERVOLTAGE  AND  POWER  SUPPLY  LOSS  PROTECTED] 


Precision  Monolith ics  Inc. 


FEATURES 

•  JFET  Switches  Rather  Than  CMOS 

•  Low  "ON"  Resistance    220fi  iyp 

•  Highly  Resistant  to  Static  Discharge  Damage 

•  No  SCR  Latch-Up  Problems 

•  Digital  Inputs  Compatible  With  TTL  and  CMOS 

•  125°  C  Temperature  Tested  Dice  Available 

•  MUX-08  Pin  Compatible  With  DGS08,  HI-S08A,  IH5108, 
IH6108,  LF11508/12508/13508,  AD7506 

•  MUX-24  Pin  Compatible  With  DGS09,  HI-509A,  IHS208, 
IH6208,  LF11509/12509/13509,  AD7507 

•  Available  In  Surface  Mount  Packages 

ORDERING  INFORMATION 


PACKAGE 

25°CON 

TEMPERATURE 

RESISTANCE 

CERDIP  PLASTIC 

LCC 

RANGE 

MUX0SAQ'   

MIL 

22011 

MUX08EO   

IND 

  MUX08EP 

COM 

MUX08BO'    MUX0SBRC/883 

MIL 

MUX08FQ   

IND 

3001) 

  MUX08FP 

COM 

  MUX08FStt 

COM 

MUX24AQ'   

MIL 

22on 

MUX24EO   

IND 

  MUX24EP 

COM 

MUX24BQ-   

MIL 

3001) 

MUX24FQ   

IND 

  MUX24FP 

COM 

  MUX24FSft 

COM 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  alter 

part  number.  Consult  factory  for  8B3  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information.  Bee  1988 

Data  Book,  Section  2. 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages, 

contact  your  local  sales  office. 

GENERAL  DESCRIPTION 

The  MUX-08  is  a  monolithic  eight-channel  analog  multi- 
plexer which  connects  a  single  output  to  one  of  the  eight 
analog  inputs  depending  upon  the  state  of  a  3-bit  binary 
address. 

The  MUX-24  is  a  monolithic  four-channel  differential  analog 
multiplexer  configured  in  a  double  pole,  four-position  (plus 
OFF)  electronic  switch  array.  A  two-bit  binary  input  address 
connects  a  pair  of  independent  analog  inputs  from  each 
four-channel  input  section  to  the  corresponding  pair  of 
independent  analog  outputs. 

All  switches  in  the  MUX-08/MUX-24  are  turned  OFF  by 
applying  logic  "0"  to  the  ENABLE  pin,  thereby  providing  a 
package  select  function. 

Fabricated  with  Precision  Monolithics'  high  performance 
Bipolar-JFET  technology,  these  devices  offer  low,  constant 
"ON"  resistance,  low  leakage  currents  and  fast  settling  time 


with  low  crosstalk  to  satisfy  a  wide  variety  of  applications. 
These  multiplexers  do  not  suffer  from  latch-up  or  static 
charge  blow-out  problems  associated  with  similar  CMOS 
parts.  The  digital  inputs  are  designed  to  operate  from  both 
TTL  and  CMOS  levels  while  always  providing  a  definite 
break-before-make  action  without  the  need  for  external  pull- 
up  resistors  over  the  full  operating  temperature  range. 

For  single  sixteen-channel  and  dual  eight-channel  models, 
refer  to  the  MUX-16/MUX-28  data  sheet. 

PIN  CONNECTIONS 


• 

«]  A, 

ENABLE [7 

».E 

Kux«e 

u]  V* 

hS. 

»3|T 

ID  s« 

•«G 

«]  tj 

DRAIN  f7 

TJ* 

AO  IT 

3ai 

ENABLE  L2 

3  OND 

v-  LI 

3  v. 

*1A  [T 

MUX-34 

m)  810 

S2A  [7 

«J  S2S 

S3A  [7 

«]  S38 

MA  fT 

»]  uo 

DRAIN  A  IT 

JJ  DRAIN  B 

V- 

3 

t» 

OHO 

S1 

3 

tu 

V* 

N.C. 

3 

E 

N.C. 

53 

3 

E 

ss 

S3 

3 

& 

S4 

8  ft 

MUX-08BRC/883 
LCC 
(RC-Suffix) 


16-PIN  CERDIP  (Q-Suffix) 
16-PIN  PLASTIC  DIP  (P-Suffix) 
16-PIN  SO  (S-Suffix) 


FUNCTIONAL  DIAGRAMS 


MUX-08 


ENABLE  *2 


f 


T   T   t  T 


1  OF  ■  DECODER 


I  1  I  I 


66666666 

H        *J        »»        «S       »4       «j        h  »1 


MUX-24 


1  OF  d  DECODER 


— O  V- 
— O  GND 


6  066666066 

DRAIN        S1A     S2A     S3A     S4A     SIB     SIB     S3B     S4B  DRAIN 


2 


£3 
D 

83 
X 

o 
o 

-I 

< 
2 
< 
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MUX-08/MUX-24  8-CHANNEL/DUAL  4-CHANNEL  JFET  ANALOG  MULTIPLEXERS 


ABSOLUTE  MAXIMUM  RATINGS  (Note) 


Operating  Temperature  Range 

MUX-08/24-AQ,  BQ,  BRC    -55°  C  to +125"  C 

MUX-08/24-EQ,  FQ    -25° C  to +85°  C 

MUX-08/24-EP,  FP,  FS   0°Cto+70°C 

DICE  Junction  Temperature  (Tj)    -65°Cto  +  150°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

P-Suflix   -65°Cto+125°C 

Power  Dissipation    500mW 

Derate  above  100° C   10mW/°C 


Lead  Temperature  (Soldering,  60  sec)   300°  C 

Maximum  Junction  Temperature   150°  C 

V+  Supply  to  V-  Supply   36V 

Logic  Input  Voltage   (-4V  or  V-)  to  V+  Supply 

Analog  Input  Voltage ...  .V-  Supply -20V  to  V+  Supply + 20V 
Maximum  Current  Through  Any  Pin   25mA 

NOTE:  Absolute  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  V+  =  +15V.  V-  =  -15V  and  TA  =  25° C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MUX-08A/E 
MUX-24A/E 

MIN     TYP  MAX 

MUX-08B/F 
MUX-24B/F 

MIN     TYP  MAX 

UNITS 

"ON"  Resistance 

ron 

Vs<  10V.  ls£200(iA 

-  220 

300 

-  300 

400 

n 

■*Ron  wl,h  Applied  Voltage 

JRqn 

-10V<VS<10V.  ls=200(iA 

—  1 

5 

-  3 

7 

*> 

Ron  Match  Between  Switches 

R0n  Match 

Vs  =  0V.  ls  =  200(iA 

—  7 

15 

—  9 

20 

% 

Analog  Voltage  Range 

v* 

I  Note  6 1 

+  10  +10.4 
-10  -15 

+  10  +10.4 
-10  -15 

V 

Source  Current  i Switch  "OFF" i      Is.off,        Vs=  10V.  Vd= -10V 'Note  d  —    0.01      1.0  —    0.01      2.0  nA^ 


Drain  Current  iSwitch  "OFF") 

Ip.OFF, 

Vs  =  10V,  V0  =  -  10V  i  Note  1 1 

MUX-08 
MUX-24 

0.1 
0.05 

1.0 
1.0 

0.1 
0.05 

2.0 

2.0 

nA 

Leakage  Current  i Switch  "ON"! 

'don 

+,SiON, 

Vo=10V(Note1i 

MUX-08 
MUX-24 

0.1 
0.05 

1.0 
1.0 

0.1 
0.05 

2.0 
2.0 

nA 

Digital  Input  Current 

l,N 

V,N=0.4Vto  15V 

1 

10 

1 

10 

*A 

Digital  "0"  Enable  Current 

l|NL  ,ENi 

VEN  =  0.4V 

4 

10 

4 

10 

>.A 

Digital  Input  Capacitance 

CDI0 

3 

3 

pF 

Switching  Time  Hthan' 

IpHL 
'plH 

i  Notes  2. 5i  Figure  1 
(Test  Circuit i 

1.5 
1.0 

2.1 
1.3 

1.5 
1.0 

2.1 
1.3 

cs 

10V  Step  to  0.10% 

2.2 

2.2 

Output  Settling  Time 

<s 

10V  Step  to  0.05% 

2.7 

2.7 

*s 

10V  Step  to  0.02% 

3.4 

3.4 

Break-Betore-Make  Delay 

'open 

Figure  3  (Test  Circuit.! 

0.8 

1.0 

PS 

Enable  Delay  "ON" 

<ON. EN, 

I  Note  5 1  Figure  2 
iTest  Circuit) 

1 

2 

1 

2 

(iS 

Enable  Delay  "OFF" 

'OFF, EN, 

(Note  5 1  Figure 2 
(Test  Circuit) 

MUX-08 
MUX-24 

0.1 

0.2 

0.4 
0.5 

0.2 
0.3 

0.4 
0.6 

#s 

"OFF"  Isolation 

ISO  off 

1  Note  4  >  Figure  5 
(Test  Circuit! 

MUX-OS 
MUX-24 

60 
66 

60 
66 

dB 

Crosstalk 

CT 

(Note  3 1  Figure  4 
<Test  Circuit) 

MUX-08 
MUX-24 

70 
76 

70 
76 

dB 

Source  Capacitance 

CS<OFFi 

Switch  "OFF". 
Vs  =  0V.  V0  =  OV 

MUX-08 
MUX-24 

2.5 
2 

2.5 
2 

PF 

Drain  Capacitance 

C0>OFF, 

Switch  "OFF", 
Vs=0V.  Vo=0V 

MUX-08 
MUX-24 

7 
4 

7 
4 

pF 

MUX-08         -      0.3       —  -  0.3 

Input  to  Output  Capacitance         Cds,off.      <Note4i  miix-54        -     015       —  -015 


Positive  Supply  Current 
(All  Digital  Inputs 
Logic  "0"  or  "1") 


Negative  Supply  Current 
(All  Digital  Inputs 
Logic  "0"  or  "1") 


NOTES:  See  next  page. 


V+  =  15V 
V+  =  5V 


V+  =  -15V 
V+  =  -5V 


6  12 

5  - 


3.0  3.8 
2.5  — 


-  2.0  3.8 

-  1.8 
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MUX-OB/MUX-24  8-CHANNEL/DUAL  4-CHANNEL  JFET  ANALOG  MULTIPLEXERS 


ELECTRICAL  CHARACTERISTICS  at  V+  =  15V,  V-  =  -1SV  and  -55°  C  <  TA  <  125°  C,  unless  otherwise  noted. 


MUX-08  A/ 

MUX-08  B/ 

MUX-24  A 

MUX-24B 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

"ON"  Resistance 

Ron 

VS<10V,  ls<200<iA 

- 

- 

400 

- 

- 

SOD 

n 

AR0N  With  Applied  Voltage 

AR0n 

-10V  £  Vs  S  10V,  ls  =  200tiA 

- 

1.S 

- 

- 

4.5 

- 

* 

R0N  Match  Between  Switches 

R0N  Match 

Vs  =  0V,  Is  =  200jiA 

- 

10 

- 

- 

15 

- 

% 

Analog  Voltage  Range 

"A 

(Note  6) 

+  10 
-10 

+  10.4 
-15 

- 

+  10 
-10 

+10.4 
-15 

- 

V 

Source  Current  (Switch  "OFF") 

'SIOFFI 

Vs=  10V,  VD  =  -10V  (Notes  1. 7) 

25  . 

50 

nA 

Drain  Current  (Switch  "OFF") 

'O(OFF) 

Vs=10V,Vo  =  -10V 
(Notes  1.7) 

MUX-08 
MUX-24 

— 

— 

100 
50 

— 

_ 

500 
500 

nA 

Leakage  Current  (Switch  "ON") 

'O  (ON) 
+  ,SION) 

V0=  10V  (Notes  1,7) 

MUX-OS 
MUX-24 

100 
50 

500 
500 

nA 

Digital  "1"  Input  Voltage 

V|NH 

(Note  6) 

2 

2 

V 

Digital  "0"  Input  Voltage 

V,NL 

(Note  6) 

0.7 

0.7 

V 

Digital  Input  Current 

<IN 

V,N  =  0.4V  to  16V 

20 

20 

«A 

Digital  "0"  Enable  Current 

'iNLlENl 

VEN=0.4V 

20 

20 

«A 

Positive  Supply  Current 

1  + 

All  Digital  Inputs  Logic 
-0" or"1" 

15 

15 

mA 

Negative  Supply  Current 

1- 

All  Digital  Inputs 
Logic  "0"  or  "1" 

5 

5 

mA 

a 


ELECTRICAL  CHARACTERISTICS  at  V+  =  15V,  V-  =  -15V  and  -25°C  <  TA <  +85°C  for  MUX-08EQ,  FQ  and 
MUX-24EQ,  FQ;  0°C  <  TA  <  +70°C  for  MUX-08EP,  FP,  FS  and  MUX-24EP,  FP,  FS  unless  otherwise  noted. 


MUX-08E/ 

MUX-08F/ 

MUX-24E 

MUX-24F 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

"ON"  Resistance 

Ron 

VS<10V,  ls<200pA 

400 

500 

11 

ARon  With  Applied  Voltage 

ARon 

-10V<VS<10V.  ls=200|iA 

1.5 

4.5 

% 

Rqn  Match  Between  Switches 

Rqn  Match 

Vs=0V.  ls  =  200(iA 

10 

15 

% 

Analog  Voltage  Range 

v* 

(Note  6) 

+  10 

-10 

+  10.4 
-15 

+  10 
-10 

+  10.4 

-15 

V 

Source  Current  (Switch  "OFF") 

'S.OFF. 

Vs=  10V.  Vo  =  -10V  (Notes  1.  7) 

10 

10 

nA 

Drain  Current  (Switch  "OFF') 

b.OFFi 

Vs=10V.Vo=-10V 
(Notes  1.  7) 

MUX-08 
MUX-24 

100 
SO 

100 
50 

nA 

Leakage  Current  (Switch  "ON") 

'OlONi 
+  lSiONl 

V0=  10V  (Notes  1.7) 

MUX-08 
MUX-24 

100 
50 

100 
50 

nA 

Digital  "1"  Input  Voltage 

V,NH 

(Note  6) 

2 

2 

V 

Digital  "0"  Input  Voltage 

V,NL 

(Note  6) 

0.8 

0.8 

V 

Digital  Input  Current 

'in 

V,N  =  0.4V  to  15V 

20 

20 

*A 

Digital  "0"  Enable  Current 

'■NLiEN. 

VEN  =  0.4V 

20 

20 

*A 

Positive  Supply  Current 

I  + 

All  Digital  Inputs  Logic 
"0"or"l" 

15 

15 

mA 

Negative  Supply  Current 

All  Digital  Inputs 
Logic  "0"  or  "1" 

5 

5 

mA 

NOTES: 

1.  Conditions  applied  to  leakage  tests  insure  worst  case  leakages.  Exceed- 
ing 11 V  on  the  analog  input  may  cause  an  "OFF"  channel  to  turn  "ON". 

2.  RL=10M«.CL=10pF. 

3.  Crosstalk  is  measured  by  driving  channel  8  with  channel  4  "ON". 
RL=  1Mn.  CL  =  10pF.  Vs=  5V  RMS.  t  =  500kHz. 


4.  "OFF"  isolation  is  measured  by  driving  channel  8  with  ALL  channels  "OFF". 
RL=  IkO,  CL  =  10pF.  Vs  =  5V  RMS.  f  =  500kHz.  Cosi5  computed  from  the 
OFF  isolation  measurement. 

5.  Sample  tested. 

6.  Guaranteed  by  leakage  current  and  R0n  tests. 

7.  Leakage  tests  are  performed  only  on  military  temperature  grades  at  125*  C. 


D 
% 

(—4 

to 
O 

o 

1-1 

< 

2 
< 
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MUX-08/MUX-24  8-CHANNEL/DUAL  4-CHANNEL  JFET  ANALOG  MULTIPLEXERS 


DICE  CHARACTERISTICS  (125° C  TESTED  DICE  AVAILABLE) 


MUX-OB 


MUX-24 


DIE  SIZE  0.093  >  0.059  Inch,  5487  iq.  mils 
[2.362  >:  1.S00  ram,  3543  sq.  mm) 


1.  AO 

2.  ENABLE 

3.  V- (SUBSTRATE) 

4.  S1 

5.  S2 

6.  S3 

7.  S4 

8.  DRAIN 


9.  SB 

10.  S7 

11.  S6 

12.  SS 

13.  V+ 

14.  GND 

15.  A2 

16.  A1 


For  additional  DICE  ordering  information,  refer 
to  1988  Data  Book,  Section  2. 


1.  AO 

2.  ENABLE 

3.  V- (SUBSTRATE) 

4.  S1  A 

5.  S2  A 

6.  S3  A 
.7.  S4A 

8.  DRAIN  A 


9.  DRAIN  B 

10.  S4B 

11.  S3  B 

12.  S2  B 

13.  S1  B 

14.  V+ 

15.  GND 

16.  A1 


WAFER  TEST  LIMITS  at  V+  =  15V,  V- 


-15V,  TA  =  25°C,  unless  otherwise  noted.  (Note  1 1 


MUX-067 

MUX-08/ 

MUX-08/ 

MUX-24NT 

MUX-24N 

MUX-24G 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

UNITS 

"ON"  Resistance 

PON 

Vs  =  0V. 
Is=  200|iA 

TA=  125"  C 

300 
400 

300 

400 

11  MAX 

Digital  "1"  Input  Voltage 

V,NH 

INote  2 

2 

2 

2 

V  MIN 

Digital  "0"  Input  Voltage 

V,NL 

iNote  2 

0.8 

0.8 

0.8 

VMAX 

Digital  "0"  Input  Current 

I  IN L 

Vlf4  =  0.4V 

TA  = 125°  C 

10 
20 

10 

10 

pA  MAX 

Digital  "0"  Enable  Current 

I  INLi  EN 

VIN  =  0.4V 

TA=  125-C 

10 

20 

10 

10 

pA  MAX 

Positive  Supply  Current 

l  + 

12 

12 

12 

mA  MAX 

I  All  Digital  Inputs  Logic  "0"| 

TA  =  125°  C 

15 

Negative  Supply  Current 

I- 

3.8 

3.B 

38 

mA  MAX 

I  All  Digital  Inputs  Logic  "0"  i 

TA=125°C 

5 

Analog  Input  Range  VA  [Note2l  ±10  ±10  ±10  V  MIN 


NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  mchtods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  V+  =  15V,  V-  =  -15V  and  TA  =  25°C  for  MUX-08/24N  &  G,  TA  =  125°C  for 
MUX-08/24NT,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MUX-08/ 
MUX-24NT 
TYPICAL 

MUX-08/ 
MUX-24N 
TYPICAL 

MUX-08/ 
MUX-24G 
TYPICAL 

UNITS 

Switching  Time  |tTFIAN] 

tpHL 
'PLH 

INote  1| 

1.7 
1.1 

1.3 
0.9 

2.1 
1.3 

/*s 

Output  Settling  Time 

ts 

10V  Step  to  0.1%  l  Note  1) 

2.1 

1.5 

1.9 

jiS 

Break-Before-Make  Delay 

toPEN 

{Note  1| 

0.8 

0.8 

1.0 

cs 

Crosstalk 

CT 

INote  1) 

70 

70 

70 

dB 

-IRon  With  Applied  Voltage 

^PON 

-  10V  <  Vs  <  10V.  Is  =  200>iA 

2 

2 

6 

% 

Leakage  Current  Switch  "ON"| 

'DiON 

VB  =  10V  [Note  1| 

20 

0.5 

0.5 

nA 

Analog  Input  Range 

vA 

+  10.4/- 15 

+  10.4/- 15 

+  10.4/- 15 

V 

NOTES: 

1.  The  data  shown  is  extrapolated  from  measurements  made  on  the  2.  Guaranteed  by  leakage  current  and  RON  tests, 

packaged  devices. 
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MUX-08/MUX-24  B-CHANNEL/DUAL  4-CHANNEL  JFET  ANALOG  MULTIPLEXERS 


MUX-08 
LOGIC  STATE 


*2 

Al 

Ao 

EN 

"ON" 
CHANNEL 

X 

X 

X 

L 

NONE 

L 

L 

L 

H 

1 

L 

L 

H 

H 

2 

L 

H 

L 

H 

3 

L 

H 

H 

H 

4 

H 

L 

L 

H 

5 

H 

L 

H 

H 

6 

H 

H 

L 

H 

7 

H  H  H  H  8 


MUX-24 
LOGIC  STATE 


Al 

Ao 

EN 

"ON" 
CHANNEL 

X 

X 

L 

NONE 

L 

L 

H 

1 

L 

H 

H 

2 

H 

L 

H 

3 

H 

H 

H 

4 

TYPICAL  PERFORMANCE  CHARACTERISTICS  (Applies  to  all  grades,  unless  otherwise  noted.) 


MUX-08 
BREAK-BEFORE-MAKE 
SWITCHING 


rl  ■  imi.  cl  ■  iDpF,  via  -  tov 

VOLTAGE  -  2V/DIV 
TIME  -  200ni/DIV 


MUX-08 
LARGE-SIGNAL  SWITCHING 


HL-  1MI1.  CL  -  10pF,  v,  - 
VOLTAGE  -  5V/DIV 
TIME  -  l»n/DIV 


-10V.  Vg  -  *10V 


MUX-08 
SMALL-SIGNAL  SWITCHING 


RL     1MS1.  Cl  ■  10pF.  V]  -  -500mV.  Vg  -  *500mV 
VOLTAGE  -  50OmV/DIV 
TIME  -  lm/OIV 


MUX-08 
SMALL-SIGNAL  SWITCHING 
WITH  FILTERING 


RL  ■  1MR.  Cl  ■  5O0pF,  V|     SOOmV,  Vb  ■  tSOOmV 
VOLTAGE  -  DOOtllV/DIV 
TIME  -  I,  i/DIV 


MUX-08 
SMALL-SIGNAL  SWITCHING 
WITH  2Ms  SAMPLE  TIME 


MUX-OB 
SMALL-SIGNAL  SWITCHING 
WITH  FILTERING  AND 
2.5^8  SAMPLE  TIME 


Hl  •  iMis.  Cl  ■  lOpF.  V|  -  -SOOmV.  Va  »M0mV 
VOLTAGE  -  WOmWOIV 
TIME  -500ni/DIV 


1MJI,  Cl  ■  BOOpF.  Vl  -  -500mV.  Va  -  '500m 
VOLTAGE  -  MOmV/DIV 
TIME  -  OOOni/OIV 


NOTE: 

Top  waveforms:  Digital  Input  5V/DIV 
Bottom  waveforms:  Multiplexer  Output 
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MUX-08/MUX-24  8-CHANNEL/DUAL  4-CHANNEL  JFET  ANALOG  MULTIPLEXERS 


TYPICAL  PERFORMANCE  CHARACTERISTICS  (Applies  to  all  grades,  unless  otherwise  noted.) 


MUX-08  CROSSTALK  AND 
OFF  ISOLATION  PERFORMANCE 
OF  CHANNEL 8 


^EPOXY  (PI  PACKAGE 


V(4|  -  ♦IBV 
Vl-I  -  -15V 
-  T»  -  2S*C 


I  I  I  1 1 1  111     I  Mill 


CROSSTALK: 

RL  •  TMH.  CL  -  lOpF.  Vs  -  *SV  RMS 
OFF  ISOLATION: 

RL  -  nn.  CL  -  lOpF.  vs  -  *5V  RMS 


10k 


tOOk 
FREQUENCY  (Hil 


1M 


MUX-08  CROSSTALK  AND 
OFF  ISOLATION  PERFORMANCE 
OF  CHANNELS 


s 

1*0 

120 

< 

too 

s 
u 

o 

80 

z 
o 

< 

60 

ISO 

40 

o 

o 
> 

20 

•+ 

0 

VW  -  »15V 
V(-)  -  -15V 
TA-2S*C 
CROSSTALK: 
RL  -  IMfl.  CL  -  10pF.  Vs  -  *5V  RMS  _ 
OFF-ISOLATION: 

RL  -  Ikn.  CL  -  lOpF.  Vs  -  *5V  RMS 

  •'   ■  '  ■  """ 


10k 


100k 
FREQUENCY  (Hil 


1M 


TRANSITION  TIMES 
vs  TEMPERATURE 


-50    -25       0       25      50      75     100  125 
TEMPERATURE  [°CI 


ENABLE  DELAY  TIMES  "ON"  RESISTANCE  (Ron) 

vs  TEMPERATURE  vs  ANALOG  VOLTAGE  (Va)  Ron  vs  SWITCH  VOLTAGE  (VSD) 


SWITCH  LEAKAGE 
CURRENTS  vs 

Ron  vs  SWITCH  CURRENT  (l8)  Ron  vs  TEMPERATURE  ANALOG  INPUT  VOLTAGE 
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1^- -tXMUX-0B/MUX-24  8-CHANNEL/DUAL  4-CHANNEL  jfet  analog  multiplexers 

 PMI)  

TYPICAL  PERFORMANCE  CHARACTERISTICS  (Applies  to  all  grades,  unless  otherwise  noted.) 


MUX-24 
SMALL-SIGNAL  SWITCHING 


MUX-24 
SMALL-SIGNAL  SWITCHING 
WITH  FILTERING 


VOLTAGE  -  SOOmVJDIV.  TIME  -  WOIV 


■  1M[1.  CL  -  SOOpF.  Vi  -  -SOOmV. 
V4  -  •  5O0mV 

VOLTAGE  -  SOOmVyDIV.  TIME  -  VliOIV 


MUX-24 
SMALL-SIGNAL  SWITCHING 
WITH  2/iS  SAMPLE  TIME 


flL  -  1M£1.  Cl  -  IOpF.  Vi  -  -500mV. 
Vd  -  tSOOmV 

VOLTAGE  ■  500mV/OIV.  TIME  -  500m. 


X 


b 


UJ 

X 

U 


MUX-24 
SMALL-SIGNAL  SWITCHING 
WITH  FILTERING 
AND  2.5^s  SAMPLE  TIME 


AL  -  1M£Jr  Cl  -  500pF.  Vl  -  -< 
V4  ■  *500mV 

VOLTAGE  -  500mV/DIV.  TIME  - 


MUX-24 
BREAK-BEFORE-MAKE 
SWITCHING 


RL  ■  lhn.CL  -  1DpF.  V|,  *■ 
VOLTAGE  -  2WDIV.  TIME  -  200ni/OIV 


MUX-24 
LARGE-SIGNAL  SWITCHING 


Rl  -  1MU.CL  -  IOpF.  Vi  -  -10V.  Va  -  *10V 
VOLTAGE  •  5V/DIV.  TIME  -  lUi/DIV 


u 
o 

< 

2 
< 


I 


NOTE: 

Top  waveforms:  Digital  Input  5V/DIV 
Bottom  waveforms:  Multiplexer  Output 
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 |pjyj|^  MUX-08/MUX-24  8-CHANNEL/PUAL  4-CHANNEL  JFET  ANALOG  MULTIPLEXERS 

TYPICAL  PERFORMANCE  CHARACTERISTICS  (Applies  to  all  grades,  unless  otherwise  noted.) 


DIGITAL  INPUT  CURRENTS 
vs TEMPERATURE 


V+-  15V 
V-  -  -15V 
ALL  DIGITAL 
INPUTS  ARE 
LOGIC  "0" 


25  50  75  100  125 
TEMPERATURE  (°CJ 


MUX-24 
SWITCH  CAPACITANCES  vs 
ANALOG  INPUT  VOLTAGE 


1 1 1 

v*  -  :sv 

\ 

f-  - 

-t 

sv 

c 

DlO 

K) 

"el 

— ■ 

FFI 

ft  - 

:st< 

MUX-24 
CROSSTALK  AND  OFF 
ISOLATION  PERFORMANCE 
OF  CHANNEL  3A 


V*  -  t&v 

V-  -  -15V 
TA  -2S*C 
CROSSTALK: 
RL  "  IMfl,  Cl  -  lOpF,  Vs  -  BV  RMS 

Ron  (switch  no.  4)  -  soon 

OFF  ISOLATION: 

RL  "  tkll,  Cl  ■  10pF,  Vs  -  SV  RMS 


10k 


Va  -  ANALOG  INPUT  VOLTAGE  (VOLTS) 


100k 
FREQUENCY  (Hi) 


1M 


A.C.  TEST  CIRCUITS 


TRANSITION  TIME  TEST  CIRCUIT 


•sia 

S2A.S 
S3A.S 
SIS 


V* 

EN  SKS1AI 
NCfOBI 
A2INCI 


M  SS{S4A) 
MUX-OS 
(MUX24I 
U  D(OA) 
GND 


ririi 


TV™ 

«nS  "TiopF 
v  — »—  — L-  -L 


Flgure  1 


(  )  OE  NOTES  MUX-24 


BREAK-BEFORE-MAKE  TEST  CIRCUIT 


•StB 
S2A,  S2B 
S3A,  S3B 
S4B 


£ 


NCtDBI  SI  (SI  A) 
EN  SSIS4AI 
A21NC) 


IP" 


(MUX  241 

10  O(DA)   f— ♦  OVD 

£52 — itJ   i  lcL 

rtrii"„ 


Figure  3 


(  )  DENOTES  MUX-24 


ENABLE  DELAY  TIME  TEST  CIRCUIT 


•SIB 
S2A.S2B 
S3A.S3B 
S48rS4A 


NC(Oa)  SKS1AJ 


MUX-08 
(MUX-24) 
I  D(OA) 


i 


Figure  2 


I  )  DENOTES  MUX-24 


CROSSTALK  MEASUREMENT  CIRCUIT 


CHANNEL  4(4A)  IS  ON 


V+ 


EN 

NCtDQr 
A2WCI 
A1 


S1-S7 
W 


SSIS3A)  D(DA) 
GND 


•  S1A.S2A 
S4A 

S1B-S4B 


WT1" 

 1 — '"<■>  icL 


Figure  4 


(  )  DENOTES  MUX-24 
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MUX-08/MUX-24  8-CHANNEL/DUAL  4-CHANNEL  JFET  ANALOG  MULTIPLEXERS 


A.C.  TEST  CIRCUITS 


OFF-ISOLATION  MEASUREMENT  CIRCUIT 


ALL  CHANNELS 
ARE  OFF 


•S1A.SZA 
S4A 

sis-sta 


♦0.4V  O — • — 

t 


EN 

NCIOBI 
A2INCI 
Al 

AO  MU' 


S1-S7 
<•! 


S8IS3A)  OIDAI 


IAI  — f  »— 0V0 

— Ihl<  ±cl 
iwi>  -riopF 

-isv       i  -i 


TTril 


I  I  DENOTES  MUX-M 


Figure  5 


SWITCHING  TIME  WAVEFORMS 


SWITCH 
OUTPUT 
Vo 


VS1 
0.8  VSt 


OJVSS  . 

TRANSITION. 
"PHI 


SWITCH 
OUTPUT 


0 

0.1  Vo 


as  vo 
vo 


SWITCH 
OUTPUT 
VO 


LOGIC  INPUT 


u 

i  ! 
i  i 

h-<OPEN-H 


_THANSIT10N 
"PLH 


«-tOFF<EN| 


VS--1V 


APPLICATIONS  INFORMATION 

These  analog  multiplexers  employ  Ion-Implanted  JFETs  In  a 
switch  configuration  designed  to  assure  break-belore-make 
action.  The  turn-off  time  is  much  faster  than  the  turn-on  time 
to  guarantee  this  feature  over  the  full  operating  temperature 
and  input  voltage  range.  Fabricated  with  Blpolar-JFET  pro- 
cessing, special  handling  as  required  with  CMOS  devices,  is 
not  necessary  to  prevent  damage  to  this  multiplexer.  Because 
the  digital  inputs  only  require  a  2.0V  logic  "1"  Input  level, 
power-consuming  pull-up  resistors  are  not  required  for  TTL 
compatibility  to  insure  break-make  switching  as  is  most  often 
the  case  with  CMOS  multiplexers.  The  digital  inputs  utilize 
PNP  input  transistors  where  input  current  is  maximum  at  the 
logic  "0"  level  and  drops  to  that  of  a  reverse-biased  diode 
(about  10nA)  as  the  input  voltage  is  raised  above  =■  1.4V. 

The  "ON"  resistance,  Ron.  of  the  analog  switches  is  constant 
over  the  wide  input  voltage  range  of  -1SV  to  +11 V  with 
Vsupply  =  ±15V.  Higher  input  voltage  is  tolerable  provided 
that  some  form  of  current  limiting  is  employed  (such  as  that 
of  an  op-amp  output  stage)  to  avoid  exceeding  junction 
temperature  and  power  dissipation  requirements.  For  normal 
operation,  however,  positive  input  voltages  should  be  restric- 
ted to  11 V  (or  4V  less  than  the  positive  supply).  This  assures 
that  the  VGS  of  an  "OFF"  switch  remains  greater  than  its  Vp, 
and  prevents  that  channel  from  being  falsely  turned  "ON". 
When  operating  with  negative  input  voltages,  the  gate-to- 
channel  diode  will  be  turned  on  if  the  voltage  drop  across 
an  "ON"  switch  exceeds  -0.6V.  While  this  condition  will 
cause  an  error  in  the  output,  it  will  not  damage  the  switch.  In 
lab  tests,  the  multiplexer  output  has  been  loaded  with  a 
O.OIpFcapacitor  in  the  circuit  of  Figure  1.  With  Vi=-10V and 
Va  =  +10V,  the  logic  Input  was  driven  at  a  1kHz  rate.  The 
positive-going  slew  rate  was  0.3V/ps  which  is  equivalent  to  a 
normal  loss  of  3mA.  The  negative-going  slew  rate  was 
0.7V/ps  which  Is  equivalent  to  a  "reverse"  loss  of  7mA.  Note 
that  when  switch  1 1s  first  turned  "ON"  It  has  a  drop  of  -20V 
across  its  terminals.  In  spite  of  that  fact,  the  current  Is  limited 
to  approximately  twice  its  normal  loss- 


CROSSTALK  AND  OFF-ISOLATION 

Crosstalk  and  off-isolation  performance  Is  influenced  by 
the  type  of  package  selected.  Epoxy  (P)  packaged  devices 
typically  exhibit  a  12dB  improvement  In  off-isolation 
(f  =  500kHz)  performance  when  compared  to  ceramic  (Q) 
packaged  devices.  Epoxy  packaged  devices  typically  exhibit 
a  1SdB  improvement  in  crosstalk  (f  =  500kHz)  performance 
when  compared  to  ceramic  (Q)  packaged  devices. 

SINGLE  SUPPLY  OPERATION  OF  JFET  MULTIPLEXERS 

PMI's  JFET  multiplexers  will  operate  from  a  single  positive 
supply  voltage  with  the  negative  supply  pin  at  ground 
potential.  The  analog  signal  range  will  include  ground. 

For  complete  single  supply  operation  information,  refer  to 
application  note,  AN-32. 
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MUX-08/MUX-24  3-CHANNEL/DUAL  4-CHANNEL  JFET  ANALOG  MULTIPLEXERS 


SIMPLIFIED  MUX-08  SCHEMATIC 


The  simplified  MUX-C8/MUX-24  schematic  shows  that  logic 
trip  points  are  determined  by  two  forward  diode  drops.  An 
internal  clamping  diode  between  V-  and  ground  prevents 
excessive  current  flow  between  V+  and  ground  in  the  event 
that  V-  becomes  open  circuit.  The  decoding  matrix  is 
accomplished  by  a  programmed  diode  array.  The  switch  cell 
consists  of  P  channel  JFET's  with  appropriate  blocking 
diodes  which  ruggedizes  the  circuit's  overvoltage  and  supply 
loss  characteristics. 

DIFFERENTIAL  MULTIPLEXERS 

One  characteristic  unique  to  differential  multiplexers 
(MUX-24)  is  the  ability  to  reject  common-mode  signals  from 
becoming  differential  error  signals.  Common-mode  rejection 
is  a  parameter  which  defines  the  amount  of  rejection  in  terms 
of  dB.  The  MUX-24  exhibits  a  106dB  at  60Hz  and  101dB  at 
400Hz  of  CMRR  using  the  test  circuit  of  Figure  6. 


CMRR  TEST  CIRCUIT 
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MUX-08/MUX-24  8-CHANNEL/DUAL  4-CHANNEL  JFET  ANALOG  MULTIPLEXERS 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


OVERVOLTAGE  V-l 
CHARACTERISTIC 


TA-25-C 
Vg-itSV 
VN-.SV 

VE--t5VFORVA>0 
-VE-«10VFORVA<0  - 


1  to 


OVERVOLTAGE  V-l 
CHARACTERISTIC 


TA-M'C 
Vs(»l  -  15V 
Vsl-l-0VIGROUNDI 
VN  -  *SV 

vE  -  -tov 


POWER-LOSS  V-l 
CHARACTERISTIC 


TA  -  25-C 

VS(»I  •  OV ICROUNOI 

V„- 
VE- 

ov 

-10V 

VA(VOLIS) 


VAIVOLTSI 


VAIVOLTSI 


OVERVOLTAGE/POWER-LOSS  MEASUREMENT  TEST  CIRCUIT 


45.0V 
O  


MUX-08 
IMUX24) 


GND  DfDA)  Y 

V(-) 


-=-VE  -=-VA 
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Precision  JYlmiolithics  Inc. 


MUX-16/MUX-28 

16-CHANNEL/DUAL  8-CHANNEL 
JFET  ANALOG  MULTIPLEXERS  (OVERVOLTAGE  PROTECTED! 


FEATURES 

•  JFET  Switches  Rather  Than  CMOS 

•  Highly  Resistant  To  Static  Discharge  Damage 

•  No  SCR  Latch-up  Problems 

•  Low  "ON"  Resistance  —  230nTyplcal 

•  Low  Leakage  Current 

•  Digital  Inputs  Compatible  With  TTL  and  CMOS 

•  Break-Belore-Make  Action 

•  125°  C  Temperature-Tested  Dice  Available 

•  Overvoltage  Protected 

•  Supply  Loss  Protection 

•  MUX-16  Pin  Compatible  With  DG506,  HI-S06A.  AD7506 

•  MUX-28  Pin  Compatible  With  DGS07,  HI-S07A.  AD7507 


ORDERING  INFORMATION! 


25°  C 
RESISTANCE 

PACKAGE 
HERMETIC  DIP  LCC 

TEMPERATURE 
RANGE 

290(1 

MUX16AT" 

MIL 

29011 

MUX16ET 

IND 

400(1 

MUX16BT" 

MUX16BTC/883 

MIL 

400(1 

MUX16FT 

IND 

290(1 

MUX28AT* 

MIL 

290(1 

MUX28ET 

IND 

400(1 

MUX28BT* 

MUX28BTC/883 

MIL 

400(1 

MUX28FT 

IND 

'For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  after 

part  number.  Consult  factory  for  683  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book,  Section  2. 


GENERAL  DESCRIPTION 

The  MUX-16  is  a  monolithic  16-channel  analog  multiplexer 
which  connects  a  single  output  to  1  of  the  16  analog  inputs 
depending  upon  the  state  of  a  4-bit  binary  address.  Discon- 
nection of  the  output  is  provided  by  a  logical  "0"  at  the 
ENABLE  input,  thereby  providing  a  package  selection 
function. 

The  MUX-28  is  a  monolithic  8-channel  differential  analog 
multiplexer  configured  in  a  double  pole,  8-position  (plus 
OFF)  electronic  switch  array.  A  3-bit  binary  input  address 
connects  a  pair  of  independent  analog  inputs  from  each 
8-channel  input  section  to  the  corresponding  pair  of  inde- 
pendent analog  outputs.  Disconnection  of  both  inputs  is 
provided  by  a  logical  "0"  at  the  ENABLE  input,  thereby  offer- 
ing a  package  select  function. 

Fabricated  with  Precision  Monolithics'  high  performance 
Blpolar-JFET  technology,  these  devices  offer  low,  constant 
"ON"  resistance.  Performance  advantages  include  low  leak- 
age currents  and  fast  settling  time  with  low  crosstalk  to 
satisfy  a  wide  variety  of  applications.  These  multiplexers  do 
not  suffer  from  latch-up  or  static  discharge  blow-out  prob- 
lems associated  with  similar  CMOS  parts.  The  digital  inputs 
are  designed  to  operate  from  both  TTL  and  CMOS  levels 
while  always  providing  a  definite  break-before-make  action 
without  the  need  for  external  pull-up  resistors.  For  single 
8-channel  and  dual  4-channel  models,  refer  to  the 
MUX-OB/MUX-24  data  sheet. 


FUNCTIONAL  DIAGRAMS 
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MUX-16/MUX-28  16-CHANNEL/DUAL  8-CHANNEL  JFET  ANALOG  MULTIPLEXERS 


ABSOLUTE  MAXIMUM  RATINGS  (Ratings  apply  to  both  DICE  and  packaged  parts,  unless  otherwise  noted.) 


Operating  Temperature  Range, 

MUX-16/28-AT,  BT,  BTC    -55°C  to +125°C 

MUX-16/28-ET,  FT    -25"  C  to +85°  C 

Dice  Junction  Temperature  (Tj)   -65°  C  to  + 150°  C 

Storage  Temperature  Range   -65°  C  to  + 150°  C 

Power  Dissipation   1200mW 

Derate  Above  75°C    16mW/°C 


Lead  Temperature  (Soldering,  60  sec)   300° C 

Maximum  Junction  Temperature   150°C 

V+ Supply  to  V- Supply    36V 

Logic  Input  Voltage   (V-  or -4V)  to  V+  Supply 

Analog  Input  Voltage. . . .  V-Supply-20V  to  V+ Supply +20V 
Maximum  Current  Through  Any  Pin   25mA 


ELECTRICAL  CHARACTERISTICS  at  Vs=  ±15V  and  TA  =  250C,  unless  otherwise  noted. 


MUX-16A/E 

MUX-16B/F 

MUX-28A/E 

MUX-28B/F 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

"ON"  Resistance 

"on 

Vs<  10V.  IS<200„A 

290 

380 

400 

580 

11 

ARonWith  Applied  Voltage 

-10V  <  Vs  £  10V,  is  -  200(iA 

- 

1.5 

5 

- 

1.5 

5 

% 

Ron  Match  Between  Switches 

Ron  Match 

Vs=0V.  ls=200iiA 

7 

15 

9 

20 

% 

Analog  Voltage  Range 

Va 

lNote6) 

+  10 
-10 

+  11 
-15 

+  10 
-10 

+  11 
-15 

V 

Source  Current  (Switch  "OFF") 

ls  (OFF) 

Vs  =  10V.  V0  =■  -  10V  ( Note  1  > 

0.01 

1 

0.01 

2 

nA 

Drain  Current  (Switch  "OFF") 

lDlOFF) 

VS=10V.  Vo  =  -10V(Nole1l 

MUX-16 
MUX-28 

- 

0.2 
0.1 

1 
1 

- 

0.2 
0.1 

2 
2 

nA 

Leakage  Current  (Switch  "ON") 

Iq  (ONi 
+1s.ONi 

V„  =  10V  ( Note  1i 

MUX-16 
MUX-28 

- 

0.2 
0.1 

1 
1 

- 

0.2 
0.1 

2 
2 

nA 

Digital  Input  Current 

■in 

V...  =  n  dV  trt  1SV 

1 

10 

1 

10 

/jA 

Digital  "0"  Enable  Current 

l,NL(EN) 

VEN  =  0.4V 

4 

10 

4 

10 

pA 

Digital  Input  Capacitance 

CDIG 

3 

3 

pF 

Switching  Time  UTRANi 

lPHL 
,PLH 

(Notes  2. 5i  Figure  1 
(Test  Circuits) 



1.4 

1.2 

2.0 
1.8 



1.8 
1.6 

2.5 
2.2 

IIS 

10V  Step  to  0.10% 

2.6 

2.7 

Output  Settling  Time 

•s 

10V  Step  to  0.05% 

3.2 

3.4 

IIS 

10V  Step  to  0.02% 

4.0 

7.2 

Break-Bef  ore-Make  Delay 

'open 

Figure  3 

0.7 

1 

(IS 

Enable  Delay  "ON" 

*ON.  EN, 

(Note  5}  Figure  2 
(Test  Circuits) 

1 

2 

1.2 

2.5 

MS 

Enable  Delay  "OFF" 

'OFF.  EN. 

(Note  5)  Figure  2 
(Test  Circuits) 

MUX-16 
MUX-28 

0.25 
0.25 

0.5 
0.5 

0.25 
0.25 

0.5 
0.6 

|iS 

"OFF"  Isolation 

ISOoff 

(Note  4)  Figure  4 
(Test  Circuits) 

66 

66 

dB 

Crosstalk 

CT 

(Note 3)  Figures 
(Test  Circuits) 

75 

75 

dB 

Source  Capacitance 

Cs.OFF, 

Switch  "OFF". 
Vs=0V,  V„=OV 

2.5 

2.5 

pF 

Drain  Capacitance 

Co,  OFF' 

Switch  "OFF", 

vs  =  ov,vD  =  ov 

MUX-16 
MUX-28 

13 
8 

13 
8 

pF 

Input  to  Output  Capacitance 

Cos.  OFF 

(Note  4) 

0.15 

0.15 

pF 

Positive  Supply  Current 
(Atl  Digital  Inputs 
Logic  "0"  or  "1") 

1  + 

V+  =  15V 
V+  =  5V 

MUX-16 
MUX-28 
MUX-16 
MUX-28 

15 
15 
12 
12 

19 
19 

9 
8 
8 
7 

19 
19 

mA 

Negative  Supply  Current 
(All  Digital  Inputs 
Logic  "0"  or  "1") 

1- 

V-  =  -15V 
V-  =  -5V 

MUX-16 
MUX-28 
MUX-16 
MUX-28 

5 
5 
4 
4 

7 
7 

3.5 
3 
3 

2.5 

7 
7 

mA 

NOTES: 

1.  Conditions  applied  to  leakage  tests  insure  worst  case  leakages. 

2.  RL=  10MJ1.  CL=  lOpF. 

3.  Crosstalk  is  measured  by  driving  channel  8  i8B*  >  with  channel  7 1 7B*  i  ON. 

RL  =  1MO.  CL  =  10pF,  Vs  =  5V  RMS,  f  =  500kHz. 


"OFF"  isolation  is  measured  by  driving  channel  8  (8B)  with  ALL  channels 
OFF.  RL=  1kn.  CL=  lOpF.  Vs=  5V  RMS,  I  =  500kHz.  Cosis  computed  from 
the  OFF  isolation  measurement. 
Sample  tested. 

Guaranteed  by  leakage  current  and  RON  tests. 
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MUX-16/MUX-28 16-CHANNEL/DUAL  8-CHANNEL  JFET  ANALOG  MULTIPLEXERS 


ELECTRICAL  CHARACTERISTICS  at  Vs=  +  15V,-SS0C<TAS+12S0CforMUX-16AT/BT/BTCand  MUX-28AT/BT/BTC;  and 
-25°C  <  TA  <  +8S°C  for  MUX-16ET/FT  and  MUX-28ET/FT,  unless  otherwise  noted. 


MUX-16A/E  MUX-16B/F 
MUX-28A/E  MUX-28B/F 


PARAMETER 

SYMBOL 

CONDITIONS 

M1N 

TVP 

MAX 

MIN 

TYP 

MAX 

UNITS 

"ON"  Resistance 

RON 

Vs<10.lsS200pA 

— 

— 

500 

— 

— 

BOO 

n 

AR0N  With  Applied  Voltage 

aRon 

-10V£VS<;10V,  ls  =  2CXVA 

— 

2 

— 

— 

5.5 

— 

% 

Ron  Match  Between  Switches 

R0N  Match 

Vs  =  0V,  ls  =  200(iA 

— 

10 

— 

— 

15 

— 

* 

Analog  Voltage  Range 

Va 

(Note  6) 

+  10 
~10 

+11 
"15 

— 

+10 
—10 

+  11 
-15 

— 

V 

Source  Current  (Switch  "OFF") 

'SIOFFI 

Vg  a  1UV,  Vqs  *•  1UV  (NOIO  1 ) 

25 

50 

nA 

Drain  Current  (Switch  "OFF") 

'd  (OFFI 

VS  =  10V,  V0  = -10V  (Note  1) 

75 

250 

nA 

Leakage  Current  (Switch  "ON") 

•diONI 
+  ,S(ON) 

V0=  10V  (Note  1) 

75 

250 

nA 

Digital  "1"  Input  Voltage 

V,NH 

(Note  6) 

2 

2 

V 

Digital  "0"  Input  Voltage 

V.NL 

(Note  6) 

0.7 

0.7 

V 

Digital  Input  Current 

■in 

V,N  =  0.4Vto15V 

20 

20 

jiA 

Digital  "0"  Enable  Current 

•inl(EN) 

Ven  =  0.4V 

20 

20 

A*A 

Positive  Supply  Current 

1+ 

All  Digital  Inputs  Logic  "0"  or  "1 " 

24 

24 

mA 

Negative  Supply  Current 

1- 

All  Digital  Inputs  Logic  "0"  or  "1" 

8.2 

8.2 

mA 

PIN  CONNECTIONS  &  TRUTH  TABLES 


v*  [T 

w  [7 

mc  [T 

sis  rr 

sis  [T 

S14  [T 

S13  [T 

s«  [T 

S11  [T 

sio  fjo 

S9  QT 

GND  fjT 

nc  QT 

A3  Q7 


28-PIN  HERMETIC  DUAL-IN-LINE  (T  Suffix) 


MUX-16 


a]  DRAIN 

v«  fT 

27]  V- 

DRAIN  a  (T 

n\  S3 

MC  LI 

a]  S7 

sss  {± 

»)  ss 

STB  LL 

a]  ss 

sea  LT 

22]  S4 

ssa  LZ 

F)  S3 

S48  H 

m]  S2 

S33  (T 

]g  si 

S2B  n° 

TT|  ENABLE 

S18  m 

]3  AO 

GND  Qi 

«]  A1 

NC  LH 

n}  A2 

NC  LH 

MUX-16 


-ON"  "ON" 
A,  Aj  A,  Ag  EN    CHANNEL  Aj  Aj  A,  Aj  EN  CHANNEL 


X 

X 

X 

X 

L 

NONE 

H 

L 

L 

L 

H 

S 

L 

L 

L 

L 

H 

1 

H 

L 

L 

H 

H 

10 

L 

L 

L 

H 

H 

2 

H 

L 

H 

L 

H 

11 

L 

L 

H 

L 

H 

3 

H 

L 

H 

H 

H 

12 

L 

L 

H 

H 

H 

4 

H 

H 

L 

L 

H 

13 

L 

H 

L 

L 

H 

5 

H 

H 

L 

H 

H 

14 

L 

H 

L 

H 

H 

6 

H 

H 

H 

L 

H 

15 

L 

H 

H 

L 

H 

7 

H 

H 

H 

H 

H 

16 

L 

H 

H 

H 

H 

a 

MUX-28 


]J]  DRAIN  A 

2?]  V- 

m]  SBA 

5]  S7A 

k]  sba 
a]  ssa 

5]  S4A 
2^  S3A 
n]  S2A 

m]  sia 

la]  ENABLE 
«]  AO 
If]  A1 
IS]  A2 


MUX-28 


A,  A, 

A0 

EN 

"ON" 
CHANNEL 
PAIR 

X  X 

X 

L 

NONE 

L  L 

L 

H 

1 

L  L 

H 

H 

2 

L  H 

L 

H 

3 

L  H 

H 

H 

4 

H  L 

L 

H 

5 

H  L 

H 

H 

6 

H  H 

L 

H 

7 

H  H 

H 

H 

8 

sis  3 

si4  g 

S13  7] 

s«  •] 

sn  •] 

S10  w] 

sa  01 


?    *1    "-I    +    K  m 

€»  z  z  >  a  >  Ss 

'l«JLiJLdLiJlHll2ll2l 


\ 

L» 

S7 

E 

ss 

E 

ss 

E 

S4 

E 

S3 

E 

a 

E 

si 

/ 

MUX-16BTC/883 
LCC 
(TC-Suffix) 


§  <*  a  a  5  §  s 


2  o  1  ♦  i  ,  3 

3  z  o  >  a  >  3 

✓  LILilLilLilHIsllalV 

STB   •]  |»  S7A 

8SB  7]  {»  S6A 

SSB  3  (H  SSA 

8(8   •]  [n  &4A 

S3B  •]  [21  SSA 

828  jo]  |3  S2A 

81B  u)  fjt  81A 

ISSJ5SS 

I 


MUX-28BTC/883 
LCC 
(TC-Suffix) 
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PMI> 


MUX-16/MUX-2B  16-CHANNEL/DUAL  8-CHANNEL  JFET  ANALOG  MULTIPLEXERS 


DICE  CHARACTERISTICS  (125°  C  TESTED  DICE  AVAILABLE) 


MUX-16 


MUX-28 


□  IE  SIZE  0.110  X  0.076  inch,  8360  sq.  mils 
(2.794  X  1.930  mm,  5392  sq.  mm) 


For  additional  DICE  ordering  informalion,  relcr 
to  1988  Dala  Book,  Section  2. 


1. 

POSITIVE  SUPPLY 

17.  ADDRESS  BIT  0  (AO) 

1. 

POSITIVE  SUPPLY 

17.  ADDRESS  BIT  0  (AO) 

4. 

SOURCE  16  (S16) 

18.  ENABLE 

2. 

DRAIN  B 

18.  ENABLE 

5. 

SOURCE  IS  (SIS) 

19.  SOURCE  1  (S1) 

4. 

SOURCE  8  (S8B) 

19.  SOURCE  1  (S1A) 

8. 

SOURCE  14  (S14) 

20.  SOURCE  2  (S2) 

5. 

SOURCE  7  (S7B) 

20.  SOURCE  2  (S2A) 

7. 

SOURCE  13(S13) 

21.  SOURCE  3  (S3) 

6. 

SOURCE  6  (S6B) 

21.  SOURCE  3  (S3A) 

8. 

SOURCE  12(S12) 

22.  SOURCE  4  (S4) 

7. 

SOURCE  5  (SSB) 

22.  SOURCE  4  (S4A) 

9. 

SOURCE  11  (S11) 

23.  SOURCE  5  (S5) 

8. 

SOURCE  4  (S4B) 

23.  SOURCES  (SSA) 

10. 

SOURCE  10  (S10) 

24.  SOURCE  6  |S6) 

9. 

SOURCE  3  (S3B) 

24.  SOURCE  6  (S6A) 

11. 

SOURCE  9  (S9) 

25.  SOURCE  7  (S7) 

10. 

SOURCE  2  (S2B) 

25.  SOURCE  7  (S7A| 

12. 

GROUND 

26.  SOURCE  B  (SB) 

11. 

SOURCE  1  (SIB) 

26.  SOURCE  B  (SSA) 

14. 

ADDRESS  BIT  3  (A3) 

27.  NEGATIVE  SUPPLY  (SUBSTRATE) 

12. 

GROUND 

27.  NEGATIVE  SUPPLY  (SUBSTRATE) 

15. 

ADDRESS  BIT  2  (A2) 

28.  DRAIN 

15. 

ADDRESS  BIT  2  (A2) 

28.  DRAIN  A 

16. 

ADDRESS  BIT  1  (A1) 

16. 

ADDRESS  BIT1  (A1) 

WAFER  TEST  LIMITS  at  V  +  =  15V,  V-  =  -15V,  TA=  25°  C  for  MUX-16/28  N  and  G.  TA=  125°C  for  MUX-16/28  NT  and  GT.  unless 
otherwise  noted. 


MUX-16/ 
MUX-28NT 


MUX-16/ 
MUX-28N 


MUX-16/ 
MUX-28GT 


MUX-16/ 
MUX-28G 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

UNITS 

"ON"  Resistance 

Ron 

vs  =  ov. 

ls=200pA 

540 

380 

BOO 

5B0 

11  MAX 

Digital  "V  Input  Voltage 

VlNH 

2 

2 

2 

2 

V  MIN 

Digital  "0"  Input  Voltage 

v,NL 

0.8 

08 

08 

0.8 

V  MAX 

Digital  "0"  Input  Current 

'tNL 

V,N=  0.4V 

20 

10 

20 

10 

•  A  MAX 

Digital  "0"  Enable  Current 

llNLiENi 

VEN  =  0.4V 

20 

10 

20 

10 

nA  MAX 

Positive  Supply  Current 
l  All  Digital  Inputs  Logic  "0  "i 

l  + 

24 

19 

24 

19 

mA  MAX 

Negative  Supply  Current 
{All  Digital  Inputs  Logic  "0"l 

I- 

82 

7 

8  2 

7 

mA  MAX 

Analog  Input  Range 

vA 

(Note  2| 

±10 

±10 

±10 

±10 

V  MIN 

UJ 

X 

LU 


b 


!/3 
LU 

X 

u 

H 

u 
o 

< 
z 
< 


NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown  Due  10  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  V  +  =  15V,  V-  =  -15V  and  TA  =  25° C  for  MUX-16/28  N  and  G,  TA=  125° C 
for  MUX-16/28  NT  and  GT,  unless  otherwise  noted. 


MUX-16/ 

MUX-16/ 

MUX-16/ 

MUX-16/ 

MUX-28NT 

MUX-28N 

MUX-28GT 

MUX-28G 

PARAMETER 

SYMBOL 

CONDITIONS 

TYPICAL 

TYPICAL 

TYPICAL 

TYPICAL 

UNITS 

Switching  Time  itTnANi 

lPHL 
'PLH 

(Note  1 1  Figure  1 

2 
1.8 

1 

0.9 

2.6 
2.4 

1.5 
1.4 

es 

Output  Settling  Time 

<S 

10V  Step  Io0.1%lNote  1. 

2.5 

15 

29 

1.9 

fS 

Break-Before-Make  Delay 

'OPEN 

(Note  1 1  Figure  3  Test  Circuits 

08 

0.8 

1 

1 

us 

Crosstalk 

CT 

(Note  1 1  Figure  5  (Test  Circuits) 

70 

70 

70 

70 

dB 

AR0N  With  Applied  Voltage 

•iRoN 

-  10V  <  Vs  <  10V.  1  s  ■=  200,i  A 

1.5 

1.5 

1.5 

1.5 

% 

Leakage  Current  (Switch  "ON 

'd  ion. 

VD=  10V  (Note  1| 

20 

0.2 

20 

0.2 

nA 

Analog  Input  Range 

(Note  2 1 

l  11 
-15 

l  11 
-15 

!  11 

-15 

i  11 
-15 

V 

NOTES: 

1.  The  dala  shown  is  extrapolated  from  measurements  made  on  the  2.   Guaranteed  by  R0n  an(J  leakage  current  tests, 

packaged  devices. 
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 |pj^|^MUX-16/MUX-28  16-CHANNEL/PUAL  8-CHANNEL  JFET  ANALOG  MULTIPLEXERS 

TYPICAL  PERFORMANCE  CHARACTERISTICS  (apply  to  all  grades,  unless  otherwise  noted.) 


"ON"  RESISTANCE  (Ron) 

vs  ANALOG  VOLTAGE  (VA)  Ron  vs  SWITCH  VOLTAGE  (V8D)  R0N  vs  SWITCH  CURRENT  (l8) 


Ron  w  TEMPERATURE (T) 


100 

-60 


1  1 

-  V*  -  *15V  - 
V-  - -15V 
t  .  .  v*r> 

— ft 

IUX- 

8/28 

B.f 

—  •/ 

y 

y 

y 

y 

J 

UX- 

am 

A.E 

y 

y 

-20    0    20  60         100  140 

TEMPERATURE  TCI 


MUX-16  SWITCH  LEAKAGE 
CURRENTS  vs  ANALOG 
INPUT  VOLTAGE  (Va) 


—  V»  •  «H 

—  V-  -  -11 

V  

V   

t 

\  •  ZS 

c  — 

lo'OI 

Fl  

'SIOF 

M  

lD(ON 

l  ^= 

—15     -10     -C       0        5       10       15  20 

va  ivoltsi 


MUX-28  SWITCH  LEAKAGE 
CURRENTS  vs  ANALOG 
INPUT  VOLTAGE  (Va) 


-15    -10     -5        0        6       10       15  20 
ANALOG  INPUT  VOLTAGE  (Va) 


SWITCH  LEAKAGE  CURRENTS 
vs  TEMPERATURE 


SUPPLY  CURRENTS  vs 
TEMPERATURE  (T) 


-20    0     20  00 
TEMPERATURE  TCI 


SWITCH  CAPACITANCES  vs 
ANALOG  INPUT  VOLTAGE  (Va) 


I" 


-i — i — 

V»  ■  'tEV 
V-  •  -15V 
TA  ■  25"C 


i  r 

CglDNI 


-  CqIOFF) 


IUX-28 


f 

.(OFF) 


CglOFF] 


•10    -S    -O    -4    .2     0     2     4     6     8  10 
ANALOG  INPUT  VOLTAGE  [VA1 
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PMI> 


MUX-16/MUX-2B  16-CHANNEL/DUAL  B-CHANNEL  JFET  ANALOG  MULTIPLEXERS 


TYPICAL  PERFORMANCE  CHARACTERISTICS  (apply  to  all  grades,  unless  otherwise  noted.) 


MUX-16 
OFF  PERFORMANCE  OF 
CHANNEL  8 


|  140 


2  «> 

8 

s- 

s  » 
i  ■ 


CHCSSTALK  Kt  *  1MII.  Cl  -  10|iF. 
vs  •  HV  RWS.  fl0S'5'A I TCH  J?)  • 

won.  vEN  -  -sv 

OFF  ISOLATION  FIl  - 

Cl  -  10pF.  Vs  -  5V  RMS. 
•0  4V 


vEN  -  .0 

_LU  L. 


 I  I  —I. 


100k 

FREQUENCY  (Ht| 


1M 


MUX-28 
OFF  PERFORMANCE  OF 
CHANNEL  8 


i  i  i  nun — i  1 1 1 inn — I  I  [ urn 

CROSSTALK  (PIN  43  GROUNDED)  I  | 

OFF  ISOLATION  (PIN  #3 

GROUNDED]  |  |  |  | 
'CROSSTALK  (PIN  #3 
FLOATING) 


OFF  ISOLATION  (PIN  «3  FLOATING) 

CR0SST4LK:  HL-III!].  CL"«0pf.  VS-SV 

RUS,  RQn(SWnCH»78)-100U.  VEN-*S1 
OFF  ISOLATION:  Rl    IK'!.  Cl  lOpF. 
Vs-lV  RUS.  Vppj  -  *fl*V 


— 


lot 


1M  10M 


DIGITAL  INPUT  BIAS 
CURRENTS  vs  TEMPERATURE (T) 


V  -  -1SV. 
V-  ■  -15V 


(ENI  PLOTTED  SINCE  OTHER  ■ 
DIGITAL  INPUT  CURRENTS  ARE 

■  I  


FH6QLI£NCV  IM,: 


TEMPERATURE  l°CI 


MUX-16  DYNAMIC  CHARACTERISTIC  CURVES 


SMALL-SIGNAL  SWITCHING 


RL  "  IMH.  Cl  ■  lOpF.  Vi  -  -500mV. 
Vie  '500mV 


SMALL-SIGNAL  SWITCHING 
WITH  FILTERING  AND 
2liB  SAMPLE  TIME 


SMALL-SIGNAL  SWITCHING 
WITH  FILTERING 


RL  -  IMfl.  Cl  -  SOOpF,  Vi  -  -500mV, 
Vie  "  »500mV 


BREAK-BEFORE-MAKE 
SWITCHING 


SMALL-SIGNAL  SWITCHING 
WITH  2pS  SAMPLE  TIME 


Rl  -  iMii.  Cl  -  IDpF.  V|  -  -7a0mV. 
Vl6  "  +700mV 


LARGE-SIGNAL  SWITCHING 


Pi 
uj 
X 
uj 
— 1 

B 

D 

Uj 

X 
U 
H 


t/5 

a 
o 

< 
z 
< 


Rl  -  iitfi.  Cl  -  lOpF.  v,  -  v16-  »iov 


Rl  -  iMil.  cl  -  lOpF.  vi  -  -lov.  vi6-  *iov 


NOTE: 

Top  Waveforms:  Digital  Input  5V/Div 
Bottom  Waveforms:  Multiplexer  Output  (VD) 
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MUX-16/MUX-28  16-CHANNEL/DUAL  8-CHANNEL  JFET  ANALOG  MULTIPLEXERS 


MUX-28  DYNAMIC  CHARACTERISTIC  CURVES 


SMALL-SIGNAL  SWITCHING  SMALL-SIGNAL  SWITCHING 

SMALL-SIGNAL  SWITCHING  WITH  FILTERING  WITH  2ns  SAMPLE  TIME 


!.  CL  -  IOpF.  V,  ■  -SOOmV,  V8  -  'SOOmV  ^  ^    ^  ^  _  ^  „L  .  ,„„  Cl  .  ,0oF.  v,  .  _700mV.  va  -  .700T.V 


SMALL-SIGNAL  SWITCHING 

WITH  FILTERING  BREAK-BEFORE-MAKE 
AND  2.5fiS  SAMPLE  TIME  SWITCHING  LARGE-SIGNAL  SWITCHING 


NOTE: 

Top  Waveforms:  Digital  Input  5V/Div 
Bottom  Waveforms:  Multiplexer  Output  (VD) 


TYPICAL  PERFORMANCE  CHARACTERISTICS  apply  to  all  grades,  unless  otherwise  noted.) 


TRANSITION  TIME  ENABLE  DELAY  TIME 

VS TEMPERATURE  vs  TEMPERATURE 
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MUX-16/MUX-2B  16-CHANNEL/DUAL  8-CHANNEL  JFET  ANALOG  MULTIPLEXERS 


A.C.  TEST  CIRCUITS 
TRANSITION  TIME  TEST  CIRCUIT 


Mm)  S„S,M 
"IN"  Sj-SI6 
i2A-S7Al 
SlB-SsaJ 
S16IS8AI 


6-15V 

I )  DENOTES  MUX -28  CONNECTIONS 


Figure  1 


ENABLE  DELAY  TIME  TEST  CIRCUIT 


( )  DENOTES  MUX28  CONNECTIONS 


Rgure2 


SWITCHING  TIME  WAVEFORMS 


SWITCH 
OUTPUT 

(SEE  FIGURE  1.1 


0.8VS16 
VS16 


TRANSITION- 
I'PHLI     "  ™ 


0 

0.1  v0 


SWITCH 
OUTPUT 

ISEE  FIGURE  2.) 


0.9  VO 
VO 


SWITCH 
OUTPUT 
VO 

(SEE  FIGURE  3.1 


LOGIC  INPUT  5ov 
(A».  E„l 


*-  TRANSITION 
(IPLH) 


1 
I 
I 

I  I 
I— *OPEN  -H 


BREAK-BEFORE-MAKE  TEST  CIRCUIT 


♦  ov 

 o 


S2-S15 
(S2A-S7A> 

OIOaI 
V- 


Flgure3 


ii  =£10 

pF 

6 -15V  -i-  -± 
I )  DENOTES  MUX-2S  CONNECTIONS 


OFF  ISOLATION  TEST  CIRCUIT 


ALL  CHANNELS 
ARE  OFF 


NC(OA)  sJlsS 

A3 
A2 

Mux-te 

(MUX  23) 

A1 

AO 

sa<s& 

Bl  DIDO) 

GND 

V- 

lvsl 

'SOOFF  =  20'»9^| 


Figure  4 


6-tsv  ~ 

I }  DENOTES  MUX-28  CONNECTIONS 
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MUX-16/MUX-28  1S-CHANNEL/DUAL  8-CHANNEL  JFET  ANALOG  MULTIPLEXERS 


CROSSTALK  MEASUREMENT  CIRCUIT 


L 

0»16V 

♦6VO  

EN 

(Dai  \siQ-s?aJ 

A3INC) 

♦0.4VO  

•6VO  

A2  MUX-IS 

A1  (muxmi 

40.4V  O  

AO 

S6IS8B)  0(081 
GND  ' 


lvsl 

CT  =  20log  -i' 
T  |VD| 


Rgure5 


I )  DENOTES  MUX -28  CONNECTIONS 


OVERVOLTAGE  MEASUREMENT  TEST  CIRCUIT 


en  SisISsaI 

Ncmai  Si-sis 
A3mci  (i'a^seo) 

A2 

A]  OIOaI 
AO 

GND  V- 


-0-| 


i)  DENOTES  MUX  28  CONNECTIONS 


111 


APPLICATIONS  INFORMATION 

These  analog  multiplexers  employ  ion-implanted  JFETs  in  a 
switch  configuration  designed  to  assure  break-before-make 
(B.B.M.)  action.  The  turn-off  time  is  much  faster  than  the 
turn-on  time  to  guarantee  B.B.M.  over  the  full  operating 
temperature  and  input  voltage  range.  Fabricated  with  JFET 
processing  rather  than  CMOS,  special  handling  is  not 
necessary  to  prevent  damage  to  this  multiplexer.  Because  the 
digital  inputs  only  require  a  2.0V  logic  "1"  input  level,  power- 
consuming  pullup  resistors  are  not  required  for  TTL  compat- 
ibility to  insure  break-before-make  switching  as  is  most  often 
the  case  with  CMOS  multiplexers.  The  digital  inputs  utilize 
PNP  input  transistors  where  input  current  is  maximum  at  the 
logic  "0"  level  and  drops  to  that  of  a  reverse-biased  diode 
(about  10nA)  as  the  input  voltage  is  raised  above  » 1.4V. 

The  "ON"  resistance,  Ron  of  the  analog  switches  is  constant 
over  the  wide  input  voltage  range  of  -1SV  to  +11V  with 
Vsupply=±15V.  The  overvoltage  and  supply-loss  V-l  charac- 
teristics shown  indicate  typical  performance  when  the  multi- 
plexer is  subjected  to  abnormal  signals.  For  normal  operation, 
however,  positive  input  voltages  should  be  restricted  to  11V 
(or  4V  less  than  the  positive  supply ).  This  assures  that  the  Vgs 
of  an  OFF  FET  switch  remains  greater  than  its  VP,  preventing 
that  channel  from  being  falsely  turned  ON. 

When  operating  with  negative  input  voltages,  the  gate-to- 
channel  diode  will  be  turned  on  if  the  voltage  drop  across  an 
ON  switch  exceeds  -0.6V.  While  this  condition  will  cause  an 
error  in  the  output,  it  will  not  damage  the  switch.  In  lab  tests, 
the  multiplexer  output  has  been  loaded  with  a  0.01pF  capaci- 
tor in  the  circuit  of  Figure  1 .  With  V, = -10V  and  V16= + 10V,  the 
logic  input  was  driven  at  a  1  kHz  rate.  The  positive-going  slew 
rate  was  0.3V//iSec  which  is  equivalent  to  a  normal  loss  of 
3mA.  The  negative-going  slew  rate  was  0.7V/psec  which  is 
equivalent  to  a  "reverse"  loss  of  7mA.  Note  that  when  switch 
one  (1)  is  first  turned  ON  it  has  a  drop  of  -20V  across  its 
terminals.  In  spite  of  that  fact,  the  current  is  limited  to 
approximately  twice  its  normal  loss- 


OVERVOLTAGE  V-l  CHARACTERISTIC 


I  I 

V+-+15V 
V-  -  -t5V 

v.„-.sv 

•  25 

•c 

/ 

/. 

N 

»IT 
EGA 

VE> 
TIVE 

I  I 

'A  CI 

I  I 

BVE 

1WV 

I  , 

:  E  ■ 

E:  E 

I  , 

-IP 

-♦to 

1  1 

V 

1  

-10   0  to 

VAIVOLTSI 


SUPPLY-LOSS  V-l  CHARACTERISTIC 


I  I  I 

V*  •  V-  -  ov 
VEN-0V 

T 

E 

■  -1C 

c 

V 

1 

-10  -»   -t  -4 


VA  (VOLTS) 
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PMi> 


MUX-16/MUX-28 16-CHANNEL/DUAL  S-CHANNEL  JFET  ANALOG  MULTIPLEXERS 


SIMPLIFIED  SCHEMATIC  (MUX-16) 


66®  ©cp 


>  i  i 
i     i  i 


CP 


te-N-^f 


-w- 


6 


TYPICAL 
SHITCH 
CELL 


p 


EP-F 


o 


1 


t:::f 


DRAIN 
—O  OUTPUT 
IVol 


I 
I 
I 

A 


I 


FOfl  MUX-28  SWITCH  PAIRS  S,  -  Sj,  Sj  -  St0.  •  •  •  Sg  -  S16  ARE  TURNED  ON  BY 
A  REPROG RAMMED  OECODING  MATRIX  AND  A3  IS  NO  LONGER  USED. 

THE  COMMON  ANALOG  BUS  IS  SPLIT  IN  HALF  TO  PROVIDE  (DRAIN  B)  OUTPUT. 
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Precision  Mono)  it  hies  Inc. 


MUX- 88 

8-CHANNEL  ANALOG  MULTIPLEXER  FOR  PCM  CODECS 

(OVERVOLTAGE  PROTECTED) 


FEATURES 

•  Compatible  with  Standards  for  Noise  and  Crosstalk  In 
Telephony  Systems 

•  Pin  Compatible  with  DG508,  HI-508A,  LF11S08 

•  JFET  Switches  Rather  Than  CMOS 

•  Low  "ON"  Resistance  —  220O  Typical 

•  Low  Output  Leakage  Current  —  100nA  Max 

•  Digital  Inputs  Compatible  with  TTL  and  CMOS 

•  Input  Overvoltage  and  Supply  Loss  Protected 


ORDERING  INFORMATION! 


Ron 

MODEL 

TEMP  RANGE 

40on 

MUX-88EO 

IND 

52on 

MUX-88FQ 

IND 

t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1888 
Data  Book.  Section  2. 


FUNCTIONAL  DIAGRAM 


GENERAL  DESCRIPTION 

The  MUX-88  is  a  monolithic  eight-channel  analog  multiplexer 
ideally  suited  to  shared-channel  PCM  CODEC  systems. 
One-of-eight  channels  is  selected  upon  the  decoding  of  a  3  bit 
binary  address.  An  enable  input  (E„)  disables  all  switches 
when  logic  low  providing  package  select.  All  logic  control 
inputs  have  true  TTL  input  compatibility  eliminating  the  need 
for  pull-up  resistors  necessary  for  some  CMOS  equivalent 
products. 

Fabricated  with  Precision  Monolithics'  high  performance 
Bipolar-JFET  technology,  this  device  offers  low  "ON"  resis- 
tance, low  leakage,  fast  settling  time  and  excellent  crosstalk 
isolation  (98dB  @  20kHz).  These  characteristics  make  this 
device  suitable  for  meeting  system  level  communication 
requirements  in  shared-channel  PCM  CODECS. 

Additional  ruggedization  results  from  built-in  overvoltage, 
supply  loss,  and  latch-up  free  circuit  characteristics. 


PIN  CONNECTIONS 


*o  LI 

ENABLE  [J 

3E** 

uj  Gnd 

si  LZ 

a  |T 

TF]  ss 

S3  fr 

T7J  S6 

S4  [T 

to]  S7 

DRAIN  [7 

T|  sa 

TOP  VIEW 

16-PIN  HERMETIC  DUAL-IN-LINE 

(Q-Suffix) 

TRUTH  TABLE 

"ON" 


A2 

Al 

A0 

EN 

CHANNEL 

X 

X 

X 

L 

NONE 

L 

L 

L 

H 

1 

L 

L 

H 

H 

2 

L 

H 

L 

H 

3 

L 

H 

H 

H 

4 

H 

L 

L 

H 

5 

H 

L 

H 

H 

6 

H 

H 

L 

H 

7 

H 

H 

H 

H 

8 
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MUX-88  8-CHANNEL  ANALOG  MULTIPLEXER  FOR  PCM  CODECS 


ABSOLUTE  MAXIMUM  RATINGS  (TA  =  25°  C.  unless  otherwise  noted) 

Operating  Temperature  Range, 

MUX-88EQ,  FQ  -25°  C  to  +85"  C 

Storage  Temperature  Range   -65"C  to +1S0°C 

Power  Dissipation    500mW 

Derate  above  100"  C    10mW/°C 

Lead  Temperature  (Soldering,  60  sec)   300° C 


V+  Supply  to  V-  Supply   36V 

V+  Supply  to  Ground   18V 

Logic  Input  Voltage  (Note  5)   (V-or-4V)  to  V+ 

Analog  Input  Voltage ....  V-  Supply  -20V  to  V+  Supply +20V 
Maximum  Current  Through  Any  Pin   25mA 


ELECTRICAL  CHARACTERISTICS  for  V+  =  -15V  and  -25° C  <  TA  <  85°  C.  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MUX-88E 

MIN    TYP  MAX 

MUX-88F 

MIN    TYP  MAX 

UNITS 

"ON"  Resistance 

RON 

Vs  =  0V.  Is  =  200(jA 





400 





520 

n 

ARqn  With  Applied  Voltage 

-  10V  <  Vs  <  10V.  Is  =  2 00;iA 



1.5 

_ 



4  5 



% 

Rqn  Match  Between  Switches 

RON  Match 

Vg  —  UV,  Is  cUU|lM 

25 

30 

Source  Current  (Switch  "OFF') 

■SIOFFJ 

Vs8*  10V,  Vp  =  -10V,  (Note  1) 

10 

10 

nA 

Drain  Current  (Switch  "OFF*) 

'□(OFF) 

Vg=  1UV,  Vq  1UV,  (NOIO  1J 

100 

100 

Leakage  Current  (Switch  "ON") 

'dioni*  'sioni 

\l             1IM   flint,  1  1 

Vq  —  lOV,  (NOIO  1 J 

100 

100 

nA 

Digital  i  input  voltage 

VINH 

(Note  5) 

2 

2 

y 

Digital  "0"  Input  Voltage 

VINL 

(Note  5) 

0.8 

0.8 

Digital  Input  Current 

■in 

•IN     0.7V  tO  +DV 

20 

20 

<jA 
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NOTES: 

1.  Conditions  applied  to  leakage  tests  insure  worst  case  leakages.  Exceed- 
ing 11V  on  the  analog  input  may  cause  an  "OFF"  channel  to  turn  "ON". 

2.  Sample  tested.  The  measurement  conditions  of  Figure  1 1nsure  worst  case 
transition  time. 

3.  Crosstalk  is  measured  by  driving  channel  8  with  channel  4  ON. 
RL  =  1  M«).  CL  =  10pF,  Vs  =  5V  RMS.  f  =  20kHz.  (See  Figure  2| 

4.  OFF  isolation  is  measured  by  driving  channel  8  with  ALL  channels  OFF. 
RL  =  1  kfl.  CL  =  10pF,  vs  =  5V  RMS.  1  =  20kHz.  CDS  is  computed  from  the 
OFF  isolation  measurement. 

5.  Guaranteed  by  R0n  and  leakage  current  testing.  For  normal  operation 
maximum  analog  signal  voltages  should  be  restricted  to  less  than 
(V+l  -4V. 

DICE 

For  applicable  DICE  information  see  MUX-OB/MUX-24  data  sheet. 
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MUX-88  8-CHANNEL  ANALOG  MULTIPLEXER  FOR  PCM  CODECS 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


SWITCH  LEAKAGE  CURRENTS 
vs  ANALOG  INPUT  VOLTAGE 
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SWITCH  LEAKAGE  CURRENTS 
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SWITCH  CAPACITANCE  vs 
ANALOG  INPUT  VOLTAGE 
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LARGE-SIGNAL  SWITCHING 


■  RL  =  10Mn.  CL  -  lOpF.  V,  -10V.  VB  -  +10V 
Voltage  =  5V/Div,  Time  =  l^s/Div.  See 
Transition  Time  Circuit  ot  Figure  1. 


BREAK-BEFORE-MAKE  SWITCHING 
lllllllll 


'Voltage  =  500mV/Div.  Time  -  500ns/Div.  See 
Break-Before-Make  Circuit  of  Figure  3. 


TRANSITION  TIMES 
vs  TEMPERATURE 
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SMALL-SIGNAL  SWITCHING 


•RL  =  1MI1.  CL  =  10pF.  V,  =  -500mV. 
Vsa  =  +500mV  Voltage  =  500mV/Div. 
Time  =  Ips/Div.  See  Transition  Circuit  of 
Figure  1. 


NOTE: 

'Top  Waveforms:  Digital  Input  5V/Div 
Bottom  Waveforms:  Multiplex  Output 


SMALL-SIGNAL  SWITCHING 
WITH  FILTERING 


•RL  =  1MI1.  CL  =  500pF.  V,  =  -500mV. 
Vse  =  500mV  Voltage  =  500mV/Div. 
Time  =  Vs/Div,  See  Transition  Time 
Circuit  ot  Figure  1. 
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MUX-88  8-CHANNEL  ANALOG  MULTIPLEXER  FOR  PCM  CODECS 


A.C.  TEST  CIRCUITS 
TRANSITION  TIME 
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Figure  1 
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CROSSTALK  MEASUREMENT  CIRCUIT 
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Figure  2 
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Figure  3 

APPLICATIONS  INFORMATION 

These  analog  multiplexers  employ  ion-implanted  JFETs  in  a 
switch  configuration  designed  to  assure  break-before-make 
action.  The  turn-off  time  is  much  faster  than  the  turn-on 
time  to  guarantee  this  feature  over  the  full  operating 
temperature  and  input  voltage  range.  Because  the  digital 
inputsonly  requirea2Vlogic"1"input  level,  power-consuming 
pull-up  resistors  are  not  required  for  TTL  compatibility  to 
insure  break-before-make  switching  as  is  most  often  the  case 
with  CMOS  multiplexers.  The  digital  inputs  utilize  PNP  input 
transistors  where  input  current  is  maximum  at  the  logic  "0" 
level  and  drops  to  that  of  a  reverse-biased  diode  (about  10nA) 
as  the  input  voltage  is  raised  above  «■  1.4V. 

The  "ON"  resistance,  Ron.  of  the  analog  switches  is  constant 
over  the  wide  input  voltage  range  of  -15V  to  +11V  with 
vsupply  =  ±15V.  Higher  input  voltage  is  tolerable  provided 
that  some  form  of  current  limiting  is  employed  (such  as  that 
of  an  op-amp  output  stage)  to  avoid  exceeding  junction 
temperature  and  power  dissipation  requirements.  For  normal 
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•0.4V  O— 
O— 
O— 
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EN  S1-S7 
A2 

A,  MUX-88 
Ao 

S8  D 
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TT 
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|l  Kl!    1  10pF 


Figure  4 


operation,  however,  positive  input  voltages  should  be 
restricted  to  11V  (or4V  less  than  the  positive  supply).  This 
assures  that  the  Vosof  an  OFF  switch  remains  greaterthan  its 
VP,  and  prevents  that  channel  from  being  falsely  turned  ON. 

When  operating  with  negative  input  voltages,  the  gate-to- 
channel  diode  will  be  turned  on  if  the  voltage  drop  across  an 
ON  switch  exceeds  -0.6V.  While  this  condition  will  cause  an 
error  in  the  output,  it  will  not  damage  the  switch.  In  lab  tests, 
the  multiplexer  output  load  capacitor  has  increased  to 0.01  ^F 
in  the  Transition  Time  circuit,  Figure  1.  With  VS1  =-10V  and 
VSe=  +10V,  the  logic  input  was  driven  at  a  1kHz  rate.  The 
positive-going  slew  rate  was  0.3V/^sec  which  is  equivalent  to 
a  normal  loss  of  3mA.  The  negative-going  slew  rate  was 
0.7V/^sec  which  is  equivalent  to  a  "reverse"  loss  of  7mA. 
Note  that  when  switch  1  is  first  turned  ON  it  has  a  drop  of 
-20V  across  its  terminals.  In  spite  of  that  fact,  the  current  is 
limited  to  approximately  twice  its  normal  loss- 
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MUX-88  8-CHANNEL  ANALOG  MULTIPLEXER  FOR  PCM  CODECS 


TYPICAL  PERFORMANCE  CHARACTERISTICS  (continued) 


OFF  PERFORMANCE 
OF  CHANNELS 


100k 
FREQUENCY (Htl 


Ron  vs  SWITCH  VOLTAGE  (VSD) 
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TYPICAL  APPLICATION 

EIGHT-CHANNEL  SHARED  CODEC  PCM  ENCODER 


DIGITAL 
OUTPUTS 


CHANNEL  INPUT  ANALOG 


MUX  OUTPUT  SIGNAL 


SAMPLE/HOLD  S/H  COMMAND 


SAMPLE/HOLD  OUTPUT 


CHANNEL  SELECT 
LOOtC 


-15V  *15V 


CROSSTALK  IN  PCM  SYSTEMS 

In  PAM  or  PCM  systems  crosstalk  specifications  for  com- 
ponents, such  as  multiplexers,  are  related  to  overall  system 
crosstalk  specifications  in  a  complex  manner.  Component 
specification  must,  of  necessity,  refer  to  the  operation  of 
the  multiplexer  in  a  non-sampling  mode  of  operation.  When 
rapid  sequential  sampling  takes  place,  such  as  would  be 
the  case  with  a  typical  shared-channel  CODEC,  crosstalk 
will  be  caused  by  the  off  isolation  properties  of  the 


multiplexer  as  well  as  by  storage  elements  on  chip  and  PC 
card  stray  capacitance.  For  example,  the  capacitance  has 
the  effect  of  conferencing  the  channels  and  increasing 
crosstalk.  Thus,  system  crosstalk  in  a  shared-channel  PCM 
CODEC  is  influenced  by  multiplexed  characteristics  as  well 
as  PC  card  layout  and  the  timing  relationship  between  the 
multiplexer  and  the  sample-hold  circuit. 
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INTRODUCTION 

Sample-and-hold  amplifiers  "sample"  an  analog 
input  signal  and  then  "hold"  the  instantaneous 
input  value  upon  the  command  of  a  logic  con- 
trol signal.  Basically  the  sample-and-hold  is  an 
"analog  memory"  where  a  capacitor  serves  as 
the  storage  element.  Applications  in  which  a 
time  varying  input  cannot  be  tolerated  require 
sample-and-hold  circuits.  A  fast  successive- 
approximation  analog-to-digital  converter  is 
one  application.  Data  acquisition,  data  distribu- 
tion, analog  delay  and  telephony  require 
sample-hold  circuits  to  "freeze"  the  analog 
signal  for  further  signal  processing. 

PMI  sample-and-hold  amplifiers  are  functionally 
identical  to  track-and-hold  circuits.  They 
continously  track  input  signals  during  the 
sample  mode.  PMI  circuits  should  not  be 
confused  with  AC  controlled  sample-and-holds. 
When  an  AC  controlled  sample-and-hold  is 
commanded  to  sample,  it  will  take  a  fast  sample 
and  immediately  return  to  the  hold  mode.  It  can 
not  continously  track  an  input  signal. 

A  sample-and-hold  circuit  consists  of  an  ampli- 
fier, switch,  and  capacitor.  Many  specifications 
are  similar  to  those  of  switches  and  operational 
amplifiers  —  bias  currents,  voltage  gain,  and 
charge  injection  are  examples.  These  and  other 
specifications  pertaining  uniquely  to  sample- 
and-hold  circuits  are  defined  below. 

The  SMP-10  and  SMP-11  are  precision  sample- 
and-hold  amplifiers  with  high  accuracy,  low 
droop  rate,  and  fast  signal  acquisition  time. 
These  circuits  contain  a  high  impedance  input 
buffer,  a  diode  bridge  switch,  a  transconduc- 
tance  or  "Super-Charger"  circuit  to  enhance 
slewing  and  a  high  speed  output  amplifier.  The 
"Super-Charger"  is  capable  of  supplementing 
the  capacitor  charging  current  whenever  the 
difference  between  input  and  output  levels 
exceeds  a  given  threshold.  Settling  to  final  value 
is  under  control  of  currents  from  the  diode 


bridge,  thus  minimizing  overshoot  and  instability. 
The  inherent  low  offset  voltage  errors  and  low 
charge  injection  allows  the  residual  zero-scale 
errors  to  be  actively  trimmed  using  PMI's 
zener-zapping  technology  without  degrading 
temperature  performance.  "Super  Beta" 
transistors  provides  the  high  input-impedace 
amplifier  needed  for  low  droop  rate  and  minimal 
signal  loading. 

The  SMP-10  and  SMP-11  have  different  droop 
rate  and  settling  hold  mode  times  specifications. 

The  SMP-81  is  characterized  for  the  sampling 
requirements  found  in  telecommunications 
applications. 

In  addition  to  precision  sample-and-hold  ampli- 
fiers, a  product  with  related  capabilities  is 
available:  the  PKD-01  monolithic  peak  detector. 
This  device  performs  the  peak  detector  function 
with  accuracies  approaching  those  obtainable  g 
with  high  cost  hybrid  modules  at  a  cost  £j 
approaching  the  low  cost,  low  performance  Si 
discrete  designs.  A  data  sheet  for  the  PKD-01  is 
located  in  this  section  of  the  catalog.  S 


DEFINITIONS 

Acquisition  Time  (taq)—  The  minimum  time  for  the 
output  voltage  to  begin  tracking  the  input  vol- 
tage, to  within  a  specified  error  band,  after  the 
inception  of  the  sample  command.  By  conven- 
tion, acquisition  time  is  defined  for  sampling  of 
a  DC  level.  For  instance  a  circuit  which  is  "hold- 
ing" a  10V  output  signal,  and  operating  with 
zero  input  volts,  is  switched  to  the  sample 
mode.  The  acquisition  time  is  then  the  time 
required  for  the  output  to  decrease  to  within  a 
±10mV  (0.01  %FS)  band  about  ground  potential 
(see  timing  diagram). 

Aperture  Jitter  (Ata)  —  The  maximum  amount  of 
deviation  in  aperture  time  from  sample  to  sam- 
ple. Errors  resulting  from  aperture  jitter  increase 
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in  proportion  to  the  slew  rate  of  the  sampled 
analog  input  signal.  Also  called  aperture 
uncertainty  time. 

Aperture  Time  (tap)  —  The  time  between  the 
inception  of  the  hold  command  and  the  time  the 
circuit  output  ceases  tracking  the  input  signal 
(see  timing  diagram). 

Change  In  Hold  Step  (AVhs)—  Actual  hold 
step  less  the  hold  step  measured  after  sampling 
V = 0.  A  change  in  hold  step  has  two  components: 
the  first  is  a  function  of  input  voltage,  the 
second  is  a  function  of  the  rise  time  of  the  S/H 
voltage.  Note  that  rise  time  of  S/H  voltage 
dV(s/H)/dt  also  effects  ZERO-SCALE  ERROR. 

Charge  Transfer  (Qt)  —  The  amount  of  charge 
transferred  to  the  holding  capacitor  due  to  the 
action  of  the  switch.  Charge  is  transferred  to  Ch 
when  the  circuit  is  switched  to  the  hold  mode. 
Charge  transfer  causes  a  change  in  output 
voltage  Vzs  as  defined  by  the  equation: 

Qt(pC) 
CH(pF) 

Note  that  for  Qt  =  5pC  and  Ch  =  5000pF  offset 
error  =  1mV.  The  SMP-10/11/81  has  been  factory 
nulled  for  Ch  =  5000pF.  For  other  values  of  Ch 
the  zero-scale  shift  can  be  calculated  from  the 
equation: 

AVzs(V)  =  -Q^-1mV 

Droop  Rate  (dVcn/dt)  —  Droop  rate  dVcu/dt  is 
the  rate  of  change  of  output  voltage  while  the 
circuit  is  in  the  hold  mode.  dVcn/dt  is  a  direct 
function  of  droop  current  Idr: 

dVcH  'dr 


Vzs(V)  = 


dt 


CH 


where  dVcH/dt  is  expressed  in  jiV/ms,  Idr  in 
nanoamperes  and  Ch  in  microfarads  (see  timing 
diagram). 

Feedthrough  Attenuation  Ratio  (Fa)  —  Feed- 
through  attenuation  is  a  measurement  of  the 
off-isolation  of  the  analog  switch  (specified  in 
dB).  The  parameter  is  a  direct  function  of  feed- 
through  capacitance. 

Full  Power  Bandwidth  (Fp)  —  The  maximum 
frequency  at  which  rated  output  voltage  Ep  can 


be  supplied  without  significant  distortion.  Full 
power  bandwidth  Fp  is  related  to  slew  rate  SR 
by  the  following  equation: 

SR 


2ttEd 


Using  this  equation  Fp  of  160kHz  can  be  com- 
puted. This  is  applicable  only  for  pulsed  condi- 
tions. Power  dissipation  limits  Fp  to  100kHz  for 
C.W.  operation. 

Gain  Error  —  Voltage  difference  between  input 
and  output  voltage  measured  over  a  specified 
voltage  range,  assuming  the  ideal  gain  is  unity. 

Hold  Capacitor  Charging  Current  (Ich)  —  The 

current  Ich  which  charges,  or  discharges,  the 
hold  capacitor  Ch  while  the  circuit  is  in  the 
sample  mode. 

Hold  Mode  Settling  Time  (tKm)  —  The  time  for 
all  output  transients  to  settle  within  a  specified 
error  band.  Measured  from  the  inception  of  the 
hold  command  (see  timing  diagram). 

Hold  Step  (Vhs)  —  Magnitude  of  step  caused  in 
the  output  voltage  by  switching  the  circuit  from 
sample  mode  to  hold  mode.  Hold  step  is  some- 
times called  pedestal  error,  or  sample  to  hold 
offset  (see  timing  diagram). 

Input  Bias  Current  (Ib)  —  Input  terminal  current 
with  input  voltage  held  at  zero  volts. 

Input  Resistance  (Rin)  —  AC  impedance 
measured  as  a  ratio  of  input  voltage  Vin  to  input 
current  I  in. 

Leakage  (Droop)  Current  (Idr)  —  The  current 
which  flows  out  of  holding  capacitor  Ch  while 
the  circuit  Is  operating  in  the  hold  mode,  in  general 
droop  current  Idr  is  defined  positive  when  its 
direction  is  into  the  Ch  pin.  This  parameter  is 
sometimes  called  drift  current. 

Linearity  Error  —  The  maximum  deviation  from 
an  ideal  straight  line  drawn  between  the  output 
voltage  when  Vin  =  0  and  the  output  voltage 
when  Vin  =  maximum  analog  voltage,  expressed 
as  a  percentage  of  the  maximum  analog  voltage. 

Output  Resistance  (R0)  —  An  AC  change  in  out- 
put voltage  as  a  result  of  an  AC  change  in  load 
current. 
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Power  Supply  Rejection  Ratio  (PSRR)  —  The 

change  in  output  voltage  for  a  change  in  power 
supply  voltage  when  the  circuit  is  in  the  sample 
mode.  The  best  power  supply  rejection  ratio 
PSRR  is  obtained  with  the  power  supply  voltage 
changing  at  a  very  low  rate  (DC).  For  essentially 
DC  conditions  PSRR  for  the  hold  mode  of  opera- 
tion is  essentially  the  same  as  the  PSRR  for  the 
sample  mode.  PSRR  is  degraded  as  the  fre- 
quency of  the  disturbance  increases. 

Sample  Hold  Current  Ratio  (Ich/Idr)  —  The 

ratio  of  the  peak  charging  current  available  to 
the  droop  current. 

Signal  Transfer  Nonlinearity  —  The  total  input 
to  output,  hold  mode  error  caused  by  gain  non- 
linearity,  feedthrough,  thermal  transient,  charge 
transfer  and  droop  rate.  These  error  terms  can- 
not be  corrected  by  offset  and  gain  adjustments. 

Slew  Rate  (SR)  —  The  maximum  possible  rate 
of  change  of  the  output  voltage  when  supplying 
the  rated  output.  For  a  sample-and-hold  circuit, 
slew  rate  must  be  defined  with  a  specified  value 
of  holding  capacitor  Ch.  Slew  rate  can  either  be 
measured  by  operating  the  circuit  in  the  sample 
mode  and  applying  a  step  function  to  the  input, 

TIMING  DIAGRAM 


or  by  applying  an  input  voltage  which  differs 
from  the  output  voltage,  with  the  circuit  in  the 
hold  mode,  then  switching  to  the  sample  mode 
and  observing  the  rate  of  change  of  the  output 
voltage. 

Total  Error— The  algebraic  sum  of  the  following 
factors: 

i.  ZERO-SCALE  ERROR 

ii.  Gain  Error 

iii.  Hold  Step  Change  versus 


dV(s/H> 


dt 

iv.  Hold  Step  Change  versus  Vin 

Voltage  Gain  (Av) — The  ratio  of  the  output  voltage 
to  the  input  voltage  with  the  circuit  operating  in  the 
sample  mode. 

Zero-Scale  Error  (Vzs) — The  magn  itude  of  the  out- 
put voltage  when  the  circuit  is  switched  from  sam- 
ple to  hold  mode  while  holding  the  input  at  zero 
volts.  ZERO-SCALE  ERROR  VZs  is  the  algebraic 
sum  of  the  offset  voltage  and  the  charge  transfer 
hold  step  voltage  (see  timing  diagram).  Vzs  can 
be  adjusted  to  zero  (see  ZERO-SCALE  ERROR 
null  adjustment). 


u> 

Ch 


Q 

N-l 

o 


U4 

N-l 

Ch 


LOGIC1"  . 
LOGIC  -0" 


SAMPLE  MODE 


ACQUISITION 
TIME 


ZERO-SCALE  ERROR 
DETAIL 


APERTURE  TIME 


FEEDTHROUGH 


D,oop(-£») 

-ai— t  "Vch 


ANALOG  OUTPUT 


ANALOG  INPUT 


14-5 


SAMPLE-AND-HOLD 
AMPLIFIERS 


SAMPLE-AND-HOLD  AMPLIFIER  SELECTION  GUIDE 


Vzs 

■b 

>DR 

Droop  Rate 

AV 

PSRR 

Product 

mV 

nA 

nA 

mV/ms 

V/V 

dB 

SMP10 

1.5 

65 

0.10 

0.020 

0.99963 

82 

SMP11 

1.5 

65 

1.00 

0.200 

0.99963 

82 

SMP81 

1.6 

225 

10.00 

2.00 

0.99960 

80 

PKD-01 

4 

150 

0.07 

18,000 

86 
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PMi) 


Precision  Monolithics  Inc. 


SMP-10/SMP-11 

LOW-DROOP-RATE/ACCURATE 
SAMPLE- AND-HOLD  AMPLIFIERS 


FEATURES 
SMP-10 

•  Low  Droop  Rate  5.0pV/ms 

•  Linearity  Error  0.005% 

•  High  Sample/Hold  Current  Ratio  2x109 

SMP-11 

•  Low  Droop  Rate  over  Temperature   2400uV/ms 

•  High  Sample/Hold  Current  Ratio  1.7x108 

BOTH  SMP-10  AND  SMP-11 

•  Fast  Acquisition  Time,  10V  Step  to  0.1%  3.5/is 

•  High  Slew  Rate   10V/jis 

•  Low  Aperture  Time    50ns 

•  Trimmed  lor  Minimum  Zero-Scale  Error  0.45mV 

•  Feedthrough  Attenuation  Ratio  S6dB 

•  Low  Power  Dissipation  160mW 

•  DTL,  TTL  &  CMOS  Compatible  Logic  Input 

•  HA-2420,  HA-2425,  SHM-IC-1,  and  ADS83  Socket 
Compatible 

ORDERING  INFORMATION! 


Ta  = 

+  25°C 

DROOP 

PACKAGE 

OPERATING 

Vzs 

RATE  IN 

14-PIN  DIP 

TEMPERATURE 

(mV) 

(iV/ms 

HERMETIC  LCC 

RANGE 

1.5 

20 

SMP10AY* 

MIL 

3.0 

50 

SMP10BV 

MIL 

1.5 

20 

SMP10EY 

COM 

3.0 

50 

SMP10FY 

COM 

1.5 

200 

SMP11AY" 

MIL 

3.0 

500 

SMP11BY"  SMP11BRC/883 

MIL 

1.5 

200 

SMP11EY 

COM 

3.0 

500 

SMP11FY 

COM 

7.0 

SOO 

SMP11GY 

COM 

'  For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  after 

part  number.  Consult  factory  for  883  data  sheet, 
t  Burn-in  isavaitableon  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plastic  dip,  and  TO-can  packages.  For  ordering  information,  see  1988 

Data  Book,  Section  2. 


PIN  CONNECTIONS 


•N.C.  fT 

j3  s/h*» 

|  M  1  S 

INPUT  [T 

'  LillLliJlHlkilS 

NULL  |T 

171  N.C. 

NULL 

E  E 

N.C. 

NULL  |T 

ID  Ch 

N.C. 

3  EI 

N.C. 

v-n 

3D  N.C. 

NULL 

3  E 

Ch 

N.C.  (T 

"al  v+ 

N.C. 

JJ  Qj 

NX. 

OUTPUT  {T 

Tl  N.C* 

V- 

N.C. 

14-PIN  DIP  (Y-Sullix) 

N.C. 

N.C. 
N.C. 
V+ 

•  Pins  1  and  8  are  not  internally 

Sample/Hold  Control 

connected,  in  unity  gain  applications, 

SMP-10  and  SMP-11  can  replace 
HA-2425.  HA-2420.  SHM-IC-1  and 

SMP-11BRC/883 

AD-583  directly. 

LCC  PACKAGE 

(RC-Suffix) 

GENERAL  DESCRIPTION 

The  SMP-10/11  are  precision  sample-and-hold  amplifiers  that 
provide  the  high  accuracy  ,  the  low  droop  rate  and  the  fast 
acquisition  time  required  in  data  acquisition  and  signal  pro- 
cessing systems.  Both  devices  are  essentially  noninverting 
unity  gain  circuits  consisting  of  two  very  high  input  impe- 
dance buffer  amplifiers  connected  together  by  a  diode  bridge 
switch. 

HIGH  ACCURACY  AND  LOW  DROOP  RATE 

The  high  input  impedance  and  the  low  droop  rates  of  the 
SMP-10  and  the  SMP-11  are  achieved  by  using  bipolar  Dar- 
lington circuits  and  an  ion  implant  process  that  creates 
"super  beta"  transistors. 

The  output  buffer's  input  stage  converts  to  a  super  beta 
Darlington  configuration  during  the  hold  mode,  which  results 
in  a  very  low  droop  rate  with  no  penalty  in  acquisition  time. 
The  use  of  bipolar  transistors  achieves  a  low  change  in  droop 
rate  over  the  operating  temperature  range. 

FAST  ACQUISITION 

A  unique  super  charger  provides  up  to  50mA  of  charging 
current  to  the  hold  capacitor,  which  results  in  smooth,  fast 
charging  with  minimum  noise.  As  the  hold  capacitor  voltage 
nears  its  final  value,  the  low  current  diode  bridge  controls  the 
final  settling  time.  This  unique  combination  of  linear  func- 
tions in  a  monolithic  circuit  enables  the  system  designer  to 
achieve  superior  performance. 

FUNCTIONAL  DIAGRAM 


SAMPLE/HOLD 
CONTROL  M 

(VLClO— 
LOGIC 
CONTROL 


OV*  OV 

_L»  Li 


O     HOLD  CAPACITOR 


S/H 

MODE 

0 

Sample 

1  Hold 

■  OV  for  TTL  input  compatibility. 


Manufactured  under  the  following  patents:  4,109,215  and  4.142,117. 


OJ 
►— i 

-J 


Q 
i-j 

O 
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PJ 
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SMP-10/SMP-11  LOW-DROOP-RATE/ACCURATE  SAMPLE-AND-HOLD  AMPLIFIERS 


ABSOLUTE  MAXIMUM  RATINGS  (Note) 

Supply  Voltage  (V+  minus  V-)   36V 

Power  Dissipation   500mW 

Derate  Above  100"  C   10mW/°C 

Input  Voltage   Equal  to  Supply  Voltage 

Logic  and  Logic  Reference 

Voltage    Equal  to  Supply  Voltage 

Output  Short-circuit  Duration   Indefinite 

Hold  Capacitor  Short-Circuit  Duration    60  sec 

Storage  Temperature  Range   -65°  C  to  + 150°  C 


Lead  Temperature  (Soldering,  60  sec)   300°  C 

Operating  Temperature  Range 

SMP-10AY,  BY   -55°Cto  +  125<>C 

SMP-10EY,  FY  0°Cto+70°C 

SMP-11  AY,  BY,  BRC  -55°C  to  +125°C 

SMP-11  EY,  FY,  GY   0°C  to  70°C 

DICE  Junction  Temperature  (Tj)    -65°  C  to  +  150°  C 


NOTE:  Absolute  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±1SV,  CH  =  0.005uF,  VLC  connected  to  ground,  TA  =  25° C,  unless  otherwise 
noted. 


SMP-10A/E 

SMP-10B/F 

SMP-11A/E 

SMP-11B/F 

SMP-11G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

MIN  TYP 

MAX 

MIN      TYP  MAX 

UNITS 

Zero-Scale  Error 
{Hold  Mode] 

Vzs 

V,N=0 

VS/H  =  3.5V.  lNole2l 

—  0.45 

1.5 

-  0.60 

3.0 

—  1.5 

7.0 

mV 

Input  Bias  Current 

>B 

V|N  =  0 

-  35 

65 

-  SS 

90 

-  90 

160 

nA 

Leakage 

SMP-10 

0.10 

0.25 

nA 

(Droop)  Current 

'dr 

SMP-11 

1.00 

2.50 

4.5 

Droop  Rate 

dVCH/dt 

SMP-10 
SMP-11 

-  5 

-  60 

20 
200 

—  5 

—  70 

50 
500 

-  80 

900 

ttV/ms 

Input  Resistance 

I  Note  1 ) 

2.0 

3.0 

1.4  2.5 

2.0 

Gil 

Voltage  Gain 

Ay 

Sample  Mode 

VM  =  ±10V,RL=5kn 

orVIN  =  ±5V,  RL  =  2.5kn 

0.99963 

0.99983 

0.99953  0.99978 

0.99940 

0.99975 

V7V 

Acquisition  Time 

«»q 

10V  step  to  within  lOmV 
of  final  value  (0.1*) 
10V  step  to  within  1.0mV 
of  final  value  (0.01%) 

3.5 
5.0 

—  3.5 

—  5.0 

3.5 
5.0 

(IS 
PS 

Aperture  Time 

<.P 

SO 

—  50 

50 

ns 

Hold  Mode 
Settling  Time 

lHm 

Settling  to  1mV  SMP-10 
of  final  value.  SMP-11 

7 
1.5 

—  7 

—  1.5 

7 
1.5 

MS 

Charge  Transfer 

□t 

V,N  =  0 
VS/H  =  3JV 

5 

—  5 

5 

pC 

Slew  Rate 

SR 

V,N  =  ±10V 
RL  =  2.5kn 

10 

—  10 

10 

V7(J8 

Hold  Capacitor 
Charging  Current 

■cH 

Vw-Vout2±3V 

30 

50 

20  50 

50 

mA 

Sample/Hold 
Current  Ratio 

SMP-10 
SMP-11 

3X10" 

2X10» 
1.7X10" 

8X107  8X108 
—  15X10° 

1.5X10" 

mA/mA 

Feedthrough 
Attenuation  Ratio 

Fa 

Input  =  20Vp.p  1kHz 
RL=Skft,  (Notel) 

86 

96 

80  90 

90 

dB 

Full  Power 
Bandwidth 

FP 

±10V„, 

(Dissipation  Limited) 

100 

—  100 

100 

kHz 

Input  Voltage  Range 
and/or  Output 
Voltage  Swing 

RL=  2.5kn 

±11 

±11.5 

±10.5  ±115 

±105 

±11.5 

V 

Output  Resistance 

0.15 

-  0.15 

0.15 

n 

Power  Supply 
Rejection  Ratio 

PSRR 

Sample  Mode 
Vs  =  ±9Vto±18V 

82 

92 

77  92 

72 

92 

dB 

Power 
Consumption  (DC) 

Sample  Mode  VIN  -  0 

160 

180 

-  170 

210 

180 

240 

mW 

NOTES: 

1.  Guaranteed  by  design. 

2.  Measured  500ps  alter  hold  command. 
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SMP-10/SMP-11  LOW-DROOP-RATE/ACCURATE  SAMPLE-AND-HOLD  AMPLIFIERS 


ELECTRICAL  CHARACTERISTICS  —  SMP-10  ONLY  at  Vs  =  ±15V,  CH  =  0.005pF,  VLC  =  OV.  TA  =  25°  C,  device  fully 
warmed-up,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

8MP-10A/E 
MIN     TVP  MAX 

SMP-10B/F 
MIN      TVP  MAX 

UNITS 

Hold  Step 

Vhs 

V,N  =  0 

-1.0     +1.S  +4.0 

-3.0     +1.5  +6.0 

mV 

Linearity  Error 

NL 

V,N  =  ±tOV,  RL  =  5kn 

—     0.005  — 

—     0.007  — 

%  of  10V 

Output  Noise 

EN(RMS) 

Wideband  Noise  100Hz 
to  100kHz  Sample  Mode 

-         40  - 

-        SO  - 

cVbms 

ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  CH  =  0.005/iF.  VLC  connected  to  ground,  0"C  <  TA  <  +  70'C.  unless 
otherwise  noted. 


SMP-10E 

SMP-10F 

SMP-11E 

SMP-11  F 

SMP-11  G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN      TYP  MAX 

MIN  TYP 

MAX 

MIN 

TVP 

MAX 

UNITS 

Zero-Scale  Error 

v2S 

V|N  =  0.  Vs/H  =  3.5V.  (Note  1) 

—  0.75 

2.0 

—  1.0 

4.0 

2.7 

10 

mV 

Input  Bias  Current 

V,N  =  0V 

-  50 

SO 

—  B0 

140 

120 

250 

nA 

Leakage 

SMP-10 

—  0.05 

0.25 

-  0.080 

0.65 

nA 

(Droop)  Current 

SMP-11 

—  0.5 

1.8 

—  0.6 

2.8 

0.7 

5 

Droop  Rate 

dVc^/dt 

SMP-10 
SMP-11 

-  10 

-  100 

50 
360 

—  16 

-  120 

130 
560 

140 

1000 

pV/ms 

Sample  Mode 

Voltage  Gain 

Av 

VM  =  ±10V,RL  =  Skn 
orV,N  =  +SV,RL  =  2.Skn 

0.99955  0.99976 

0.99950  0.99972 

0.99930 

0.99970 

WV 

Power  Supply 
Rejection  Ratio 

PSRR 

Sample  Mode 
Vs  =  +9Vto±18V 

80  90 

75  80 

70 

90 

dB 

Logic  Control 
Input  Current 

Ilc 

VLC  =  0V 

—  -1 

-2 

—  -1 

-3 

-1 

-4 

«A 

Logic  Input 

•s/H 

Sample  Mode 
Vs,H  =  0.6V 
Hold  Mode 
Va,H=S.0V 

-  -S 

-  0.2 

-15 

-  -5 

-  0.2 

-15 

-5 
02 

-15 

*A 
nA 

Differential  Logic 
Threshold 

Vth 

0.8  1.3 

2.0 

0.8  1.3 

2.0 

0.8 

1.3 

2.0 

V 

NOTES: 

1.  Measured  500ps  after  hold  command. 
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pmi> 


8MP-10/SMP-11  LOW-DROOP-RATE/ACCURATE  3AMPLE-AND-HOLD  AMPLIFIERS 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  CH  =  0.005MF,  VLC  connected  to  ground,  -55°C  <TA<  +125°C,  unless 
otherwise  noted. 


SMP-10A 

SMP-10B 

SMP-11A 

SMP-11B 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TVP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Zero-Scale  Error 

V2S 

Vin  =  0.  Vs/h  =  3.5V,  (Note  1) 

1.25 

3.0 

1.60 

5.5 

mV 

Input  Bias  Current 

Is 

V,„  =  0V 

90 

180 

160 

280 

nA 

TA=-55*C 

SMP-tO 



0.050 

0.50 



0.080 

1.22 

Leakage  (Droop)  Current 

'on 

T«=+1ZS'C 

— 

12 

20 

— 

16 

25 

nA 

TA  =  Full  Range 

SMP-11 

20 

16 

25 

T,  =  -55'C 

SMP-10 

10 

100 

- 

16 

250 

Droop  Rate 

dVcH/dt 

TA  =  +125»C 

- 

2400 

4000 

3200 

5000 

fiV/ms 

TA  =  Full  Range 

SMP-11 

2400 

4000 

3200 

5000 

Sample  Mode 

voltage  Gain 

Av 

VIN  =  ±10V.  RL  =  5kn 

0.99850 

0.99972 

- 

0.99940 

0.99968 

- 

V/V 

orV|N  =  ±5V,RL  = 

2.5ktl 

Power  Supply 
Rejection  Ratio 

PSRR 

Sample  Mode 
Vs  =  ±9Vto±18V 

78 

86 

72 

90 

dB 

Logic  Control  Input  Current 

Ilc 

VLC  =  0V 

-1 

-3 

-1 

-5 

«A 

Logic  Input 

's/H 

Sample  Mode 
Vsft4  =  0.6V 
Hold  Mode 

VjyH  =  5.0V 

-5 
0.2 

-15 

-5 
0.2 

-15 

nA 
nA 

Differential  Logic 
Threshold 

Vth 

0.6 

1.3 

2.0 

0.6 

1.3 

2.0 

V 

NOTES: 

1.  Measured  SOOjis  after  hold  command. 


BURN-IN  CIRCUIT 


e 


DOE  SET  PER  BOARD)  ~[ 


-wv- 


 1 


(ONE  DIODE  SET  PER  BOARD) 


-O  -fin 
R-soon 
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SMP-10/SMP-11  LOW-DROOP-RATE/ACCURATE  SAMPLE-AND-HOLD  AMPLIFIERS 


DICE  CHARACTERISTICS 


2.  INPUT 

3.  NULL 

4.  NULL 

5.  NEGATIVE  SUPPLY 
(SUBSTRATE) 

7.  OUTPUT 
9.  POSITIVE  SUPPLY 
11.  HOLD  CAPACITOR  (CH) 

13.  LOGIC  THRESHOLD 
CONTROL  (VLC) 

14.  SAMPLE/HOLD 
COMMAND 

DIE  SIZE  0.088    0.083  Inch,  7304  sq.  mils 
(2.235    2.108  mm.  4.711  sq.  mm) 


SMP-10 


SMP-11 


2.  INPUT 

3.  NULL 

4.  NULL 

5.  NEGATIVE  SUPPLY 
(SUBSTRATE) 

7.  OUTPUT 
9.  POSITIVE  SUPPLY 
11.  HOLD  CAPACITOR  (CH) 

13.  LOGIC  THRESHOLD 
CONTROL  (V(_c) 

14.  SAMPLE/HOLD 
COMMAND 

For  additional  DICE 
ordering  Information, 
refer  to  1988  Data  Book, 
Section  2. 


WAFER  TEST  LIMITS  at  VS  =  ±15V.  CH  =  0.005^F.  VLC  connected  to 

ground,  TA  =  25°C, 

unless  otherwise  noted. 

SMP-10N 
SMP-11N 

SMP-10G 
SMP-11G 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

UNITS 

Zero-Scale  Error 

vzs 

VlN  =  0.  VS/H  =  3.5V 
noio  rviouc,   i^uie  t- 

1.5 

3.0 

mV  MAX 

Input  Bias  Current 

•a 

Vin  "  0V 

60 

90 

nA  MAX 

Leakage  i  Droop  Current 

'do 

SMP-10 
SMP-11 

0.10 

1 

0  25 

2.5 

nA  MAX 

Droop  Rate 

dVCH/dt 

SMP-10 
SMP-11 

20 
200 

50 
500 

,iV/ms  MAX 

Sample  Mode 

Voltage  Gain 

Av 

V,N  =  +  10V 
or  VlN  =  ±5V 

0.99963 

0.99953 

WV  MIN 

Hold  Capacitor 
Charging  Current 

'CH 

V,N- V0UT>±3V 

30 

20 

mA  MIN 

Input  Voltage  Range  and/or 
Output  Voltage  Swing 

RL  =  2.5kfl 

±11 

110.5 

V  MIN 

Power  Supply 

PSRR 

Sample  Mode 

82 

77 

dB  MIN 

Rejection  Ratio 

Vs  =  l9Vto±18V 

Power  Consumption 

Po 

Sample  Mode  VIN  =  0 

180 

210 

mW  MAX 

Logic  Control  Input  Current 

'lc 

VLC=0V 

-2 

-3 

jiA  MAX 

Logic  Input 

'S/H 

Sample  Mode 
VS,H  =  0.6V 
Hold  Mode 
VS/h  =  5V 

-15 

0 

-15 
0 

liA  MAX 
nA  MAX 

Differenlial  Logic 
Threshold 

Vth 

Vtc-0 

2.0 
0.6 

2.0 
0.8 

V  MAX 

V  MIN 

NOTES: 

1.   Measured  500ps  after  hold  command. 

Electrical  (ests  are  performed  al  wafer  probe  10  Ihe  limits  shown.  Due  lo  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consull  tactory  lo  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  CH  =  0.005nF.  VLC  connected  to  ground,  TA  =  25°C,  unless 
otherwise  noted. 


OS 

U4 

E 
E 

Oh 
< 

Q 

—i 

O 
X 

6 

2 
< 


< 


PARAMETER 

SYMBOL 

CONDITIONS 

SMP-10N 
SMP-11  N 

TYPICAL 

SMP-10G 
SMP-11G 
TYPICAL 

UNITS 

Acquisition  Time 

10V  step  to  0.1%  of  final  value 

3.5 

3.5 

ps 

Aperture  Time 

>.p 

50 

50 

ns 

Charge  Transfer 

Qt 

V,N  =  0.VS/H=3.5V 

5 

5 

PC 

Slew  Rate 

SR 

V|N  =  +10V.  RL=2.5k(l 

10 

10 

V/^s 
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8MP-10/8MP-11  LOW-DROOP-RATE/ACCURATE  SAMPLE-AND-HOLD  AMPLIFIERS 


TYPICAL  PERFORMANCE  CHARACTERISTICS 
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8MP-10/8MP-11  LOW-DROOP-RATE/ACCURATE  SAMPLE-AND-HOLD  AMPLIFIERS 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


g  »i 
5  o 


GAIN  ERROR 


1 

SAM 
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SMP-10/8MP-11  LOW-DROOP- RATE/ACCURATE  SAMPLE-ANO-KOLD  AMPLIFIERS 


threshold  voltage,  allowing  for  2  diode  drops  for  D1  and  VBE 
of  Q3,  should  be  applied  to  VLC. 

For  proper  operation,  the  VLC  (logic  control)  must  always  be 
at  least  3.5V  below  the  positive  supply  and  2.0V  above  the 
negative  supply. 

Sample-and-hold  control  voltage  (S/H)  must  always  be  at 
least  2.8V  above  the  negative  supply. 


f  S/H 
FROM  I  CONTROL 
LOGIC 
CONTROL 


GUARDING  AND  GROUNDING  LAYOUT 

The  use  of  a  ground  plane  is  strongly  recommended  to 
minimize  ground  path  resistances.  Separate  analog  and 
digital  grounds  should  be  used,  and  it  is  advisable  to  keep 
these  two  ground  systems  isolated  until  they  are  tied  back  to 
the  common  system  ground.  Digital  currents  should  not  flow 
back  to  the  system  ground  through  the  analog  ground  path. 

HOLD  CAPACITOR  RECOMMENDATIONS 

The  hold  capacitor  (CH)  acts  as  a  memory  element  and  also 
as  a  compensating  capacitor  for  the  sample-and-hold 
amplifier.  For  stable  operation,  a  minimum  value  of  2000pF  Is 
recommended,  with  no  limit  set  for  the  maximum  value.  The 
devices  have  been  internally  trimmed  for  Ch=5000pF.  Other 
values  of  CH  will  cause  a  zero-scale  shift,  which  can  be 
calculated  from  the  following  equation: 

5  (pC)  x  103 
CH(PF) 


AVz8<mV)  = 


-1 


The  hold  capacitor  should  have  very  high  insulation 
resistance  and  low  dielectric  absorption.  For  temperatures 
below  85°  C,  polystyrene  capacitors  are  recommended, 
while  teflon  capacitors  are  recommended  for  higher 
temperature  applications. 
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Precision  iMonoIitliics  Inc. 


FEATURES 

•  Meets  System  Performance  Requirements  in  Multi- 


channel CODECS 

•  Trimmed  for  Minimum  Zero-Scale  Error    0.6mV 

•  Low  Droop  Rate  Over  Temperature    1600/iV/ms 

•  Low  Aperture  Time   50ns 

•  Fast  Acquisition  Time  10V  Step  to  0.1%   3.5/is 

•  High  Slew  Rate   10V/jis 


•  High  Sample-Current  to  Hold-Current  Ratio  ..  1.7  x  10s 

•  DTL,  TTL  &  CMOS  Compatible  Logic  Input 

•  HA-242S,  DATEL  SHM-IC-1,  and  AD-583  Socket 
Compatible* 

•  Low  Power  Dissipation 

•  Low  Cost 

•  Feedthrough  Attenuation  Ratio    S6dB 


ORDERING  INFORMATION! 


OPERATING 

HERMETIC 

TEMPERATURE 

Vzs(mV) 

14-PIN  DIP 

RANGE 

1.6 

SMP-81EY 

IND 

3.5 

SMP-81FY 

IND 

f  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdi  p.  plastic  dip.  and  TO-can  packages.  For  ordering  information,  see  1986 
Data  Book,  Section  2. 


FUNCTIONAL  DIAGRAM 


i  i  "SAMPLE/HOLD  CONTROL 

KULL  HIGH  =  HOLD 

LOW  =  TRACK 


SMP-81 

TELECOMMUNICATIONS 
SAMPLE-AND  -  HOLD  AMPLIFIER 


GENERAL  DESCRIPTION 

The  SMP-B1  precision  sample-and-hold  amplifier  provides 
the  high  accuracy,  low  droop  rate  and  fast  acquisition  ideally 
required  for  PCM  encoders.  The  SMP-81  is  a  non-Inverting 
unity  gain  circuit  consisting  of  two  buffer  amplifiers  of  very 
high  input  impedance  connected  by  a  diode  bridge  switch. 

HIGH  ACCURACY  AND  LOW  DROOP  RATE 

The  high  input  impedance  and  low  droop  rate  of  the  SMP-81 
are  achieved  by  PMI's  ion  implant  super  beta  process.  The 
high  input  impedance  permits  high  source  impedance  appli- 
cations without  degrading  accuracy,  and  low  droop  rate. 
Other  features  of  the  SMP-81  include  high  accuracy,  0.6mV 
of  combined  offset  voltage  and  step  transfer  error,  and  very 
low  feedthrough.  A  diode  bridge  switch  design  allows  min- 
imum charge  transfer  step.  On-chip  zener-zap  trimming 
eliminates  nulling  for  most  applications. 

FAST  ACQUISITION 

A  unique  super  charger  or  transconductance  amplifier  pro- 
vides up  to  50mA  charging  current  to  the  hold  capacitor.  As  a 
result,  smooth  charging  of  the  hold  capacitor  is  achieved 
with  minimum  noise.  The  super  charger,  in  conjunction  with 
the  high  slewing  rate  input  and  output  buffer  amplifiers,  per- 
mits fast  acquisition  operation.  The  adjustable  logic  input 
threshold  makes  the  SMP-81  compatible  to  all  logic  families. 

PIN  CONNECTIONS 


N.C* 

77J  s/h 

INPUT 

E 

NULL 

E 

771  "c. 

NULL 

E 

3D  <Ti 

14-PIN  HERMETIC  DIP 

V- 

E 

77J  N.C. 

(Y-Suffix) 

N.C. 

E 

T]  v» 

OUTPUT 

E 

T|  N.C." 

'Pins  1  and  8  are  nol  Internally  connected.  In  unity  gain 
applications,  the  SMP-81  can  replace  HA-2425.  SHM-IC-1 
and  AD-583  directly. 
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SMP-81  TELECOMMUNICATIONS  SAMPLE-AND-HOLD  AMPLIFIER 


ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage  (V+  minus  V-)   36V 

Power  Dissipation    500mW 

Derate  Above  100°  C   10mW/°C 

Input  Voltage   Equal  to  Supply  Voltage 

Logic  and  Logic  Control  Voltage  . .  Equal  to  Supply  Voltage 


Output  Short-Circuit  Duration   Indefinite 

Hold  Capacitor  Short-Circuit  Duration   60sec 

Operating  Temperature  Range   -25°  C  to  +  85°  C 

Storage  Temperature  Range   -65°  C  to  + 150"  C 

Lead  Temperature  (Soldering,  60  sec)   300°  C 


ELECTRICAL  CHARACTERISTICS  at  Vs  ±15V,  CH  =  0.005uF,  VLC  connected  to  ground,  -25°  C  <  TA  <  +  85°C,  unless 
otherwise  noted. 


SMP-81  E 

SMP-81  F 

nana       i  m 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Zero-Scale  Error  (Hold  Mode) 

Vzs 

Vin  =  0.  V&h  "  3-5V  (500psec 
after  noiu  uommana) 

0.6 

1.8 

0.9 

3.5 

mV 

Input  Bias  Current 

■b 

vm=o 

- 

105 

225 

'  - 

120 

450 

nA 

Leakage  i  Droop l  Current 

'dr 

- 

0.5 

10 

■  — 

0.5 

20 

nA 

Droop  Rale 

dVCH/dt 

1600 

2000 

2000 

4000 

iiV/ms 

input  Resistance 

RIN 

iSee  Note) 

0.6 

2.0 

0.3 

1.4 

Gil 

Sample  Mode 

Voltage  Gain 

A» 

V,N  =  ±10V,  RL  =  Skfl 
orV|N  =  ±5V.RL  =  2.5kn 

0.99960 

0.99980 

0.99955 

0.99978 

V/V 

Acquisition  Time 

<«q 

10V  step  to  within  10 mV  of 
final  value  (0.1%) 

3.5 

_ 

_ 

3.5 



(IS 

Aperture  Time 

Up 

50 

50 

nsec 

Charge  Transfer 

o. 

V,n=0,V8,„=3.SV 

- 

5 

- 

- 

S 

- 

PC 

Slew  Rate 

SR 

V,N=+10V,RL=2.5kn 

10 

— 

— 

10 

— 

V/^s 

Hold  Capacitor  Charging 
Current 

'CH 

Vw-VOUT2±3volts 

30 

50 

- 

20 

50 

- 

mA 

Feedthrough  Attenuation 
Ratio 

Fa 

Input  -MVp,,  1kHz,  RL  =  5Kfl 
(See  Note) 

66 

96 

80 

90 

dB 

Full  Power  Bandwidth 

Fp 

±10Vp^,  (Dissipation  Limited) 

100 

100 

kHz 

Input  Voltage  Range  and/or 
Output  Voltage  Swing 

Ru  =  2.Skn 

+  10 

+  11.5 

±10 

±11.S 

V 

Output  Resistance 

Ro 

0.1S 

0.1S 

n 

Power  Supply  Rejection 
Ratio 

PSRR 

Sample  Mode  Vs= +9V 
to  ±  18V 

60 

90 

7S 

90 

dB 

Power  Consumption  (DC) 

Pd 

Sample  Mode  V,N  =  0 

160 

180 

170 

210 

mW 

Logic  Control  Input  Current 

'ic 

-6 

-3 

-9 

-3 

cA 

Logic  input  Current 

'S/H 

Sample  Mode  V&h = 0.6V 
Hold  Mode  Vs/H  =  S.0V 

-IS 
0.6 

-45 

-15 
0.6 

-45 

nA 
nA 

Differential  Logic  Threshold 

Vth 

0.8 

1.3 

2.0 

0.8 

1.3 

2.0 

V 

Hold  Mode  Settling  Time 

•hm 

SV  step  to  within  1mV  of 
final  value 

1.S 

1.5 

cs 

CO 


-J 

a, 


Q 
-j 

O 

X 

Q 
Z 
< 

I—) 

< 

CO 


NOTE:  Guaranteed  by  design. 


DICE 

For  applicable  DICE  information,  see  SMP-11  Data  Sheet. 
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 |pjj^3MP-81  TELECOMMUNICATIONS  SAMPLE-AND-HOLP  AMPLIFIER 

TYPICAL  PERFORMANCE  CHARACTERISTICS 


LEAKAGE (DROOP) 
CURRENT  vs TEMPERATURE 


INPUT  BIAS  CURRENT 
vs  TEMPERATURE 


♦20  +40  4fi0 
TEMPERATURE  fCI 


+40 

TEMPERATURE  (*CI 


SAMPLE-MODE  SUPPLY 
CURRENT  vs  TEMPERATURE 


no 

j 

1  5.0 
a 

cc 

3 

2  4.0 


SUPPLY  CURRENT  ~ 
vi  TEMPERATURE  _ 

— i  1  I— 

V$  -  i  ts 
SAMPLE  MODE 
V(N  "  0  VOLTS 


♦20  +40  460 

TEMPERATURE  ("CI 


GAIN  ERROR 


TA-2 
SAMPLE 

5*C 
MODE 

RL-- 
RL 

5k  -^sT 

1 

RL  -  2.5k 

POWER  DISSIPATION 
vs  FREQUENCY 
INPUT  =  Vp  sin  wi 


INPUT  VOLTAGE  (VOLTS) 


TEST  CONDITIONS 
SAMPLE  MOOE 
V*  -  15V 
V-  -  -I5V 

0.005k  F 

INPUT  CENTERED  AROUNO  GROUND 
t  10k  took 

INPUT  FREQUENCY  (Hi) 


MAXIMUM  INPUT  SIGNAL 
AMPLITUDE  vs  FREQUENCY 


tOOk  500k    1M  2M 

INPUT  FREQUENCY  {Hi) 
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 |p|J|jfySMP-81  TELECOMMUNICATIONS  SAMPLE-AND-HOLD  AMPLIFIER 

TYPICAL  PERFORMANCE  CHARACTERISTICS 


ACQUISITION  TIME  TEST  CIRCUIT 


+10V  — — 
INPUT 

OV  -  - 

•3.6V  _ 
S/H  m  _] 


O0OS»F 
J.  ANALOG 
"  QND 


-M- 


TO  SCOPE 

FET 

PROBE 


♦10V  - 
OUTPUT 

OV 

REFERENCE  OV  - 


_W — 

vU —  ACQ  I 


FINAL  VALUE 
ACQUISITION  TIME 


APPLICATIONS  INFORMATION 
HOLD  CAPACITOR  RECOMMENDATIONS 

The  hold  capacitor  (CH)  acts  as  a  memory  element  and  also 
as  a  compensating  capacitor  for  the  sample-and-hold  ampli- 
fier. For  stable  operation,  a  minimum  value  of  20C0pF  is 
recommended,  with  no  limit  set  for  the  maximum  value.  The 
SMP-81  is  internally  trimmed  for  CH  =  5000pF.  Other  values 
of  Ch  will  cause  a  zero-scale  shift,  which  can  be  calculated 
from  the  following  equation: 


AVzs  (mV) 


5(pC)xio3 
CH(pF) 


A  Ch  of  5000pF  has  been  empirically  determined  to  be  an 
optimum  value  for  8-channel  shared  CODEC  operation. 


The  hold  capacitor  should  have  very  high  insulation 
resistance  and  low  dielectric  absorption.  For  temperatures 
below  85°  C,  polystyrene  capacitors  are  recommended,  while 
teflon  capacitors  are  recommended  for  higher  temperature 
applications. 

SMP-81  LOGIC  CONTROL 

The  sample/hold  mode  control  of  the  SMP-81  incorporates  a 
unique  logic  input  circuit,  which  enables  direct  interface  to 
ail  popular  logic  families  and  provides  maximum  noise 
immunity.  As  shown  In  Figure  1,  the  mode  control  is 
accomplished  by  steering  the  current  (h)  through  Q1  or  Q2, 
thus  providing  high  speed  switching  and  a  predictable  logic 
threshold.  For  TTL  and  DTL  interface,  simply  ground  VLc 
(pin  13).  For  CMOS,  HTL  and  HN I L  interface,  the  appropriate 
threshold  voltage,  allowing  for  2  diode  drops  for  D1  and  VBe 
of  Q3,  should  be  applied  to  VLC. 
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SMP-81  TELECOMMUNICATIONS  SAMPLE-AND-HOLD  AMPLIFIER 


SAMPLE/HOLD  MODE  INTERFACE  CIRCUITRY 


S/H  o 
(PIN  14) 


CURRENT 
TO  CONTROL 

SAMPLE/ 
HOLD  MOOES 


)VLC 
IPIN  11) 


Figure  1 


For  proper  operation,  the  VLc  (logic  control)  must  always  be 
at  least  3.SV  below  the  positive  supply  and  2.0V  above  the 
negative  supply. 

Sample-and-hold  control  voltage  (S/H)  must  always  be  at 
least  2.8V  above  the  negative  supply. 


ZERO-SCALE  ERROR  NULL  ADJUSTMENT 

During  the  null  adjustment,  the  amplifier  should  be  switched 
continuously  between  the  "sample"  and  "hold"  mode.  The 
error  should  be  adjusted  to  read  zero  when  the  unit  Is  in  the 
"hold"  mode.  In  this  way,  both  offset  voltage  errors  and 
charge  transfer  errors  are  adjusted  to  zero.  Figure  2  shows 
the  recommended  10kfl  trim  pot  connected  to  V+  if  user 
needs  better  Vzsthan  1.6mV. 


9  v*         9  V- 


j^ai,p  j^u 


Y  Ch  -  SOOOpF 


Figure  2 


GUARDING  AND  GROUNDING  LAYOUT 

The  use  of  a  ground  plane  is  strongly  recommended  to  min- 
imize ground  path  resistances.  Separate  analog  and  digital 
grounds  should  be  used,  and  it  is  advisable  to  keep  these  two 
ground  systems  isolated  until  they  are  tied  back  to  the 
common  system  ground.  Digital  currents  should  not  flow 
back  to  the  system  ground  through  the  analog  ground  path. 
A  guard  trace  surrounding  the  hold  capacitor  node  pin  11, 
minimizes  PC  board  leakage  problems,  see  Figure  3. 


CONTROL 

l GROUNO 


LOCAL  . 
ANALOGS 
GROUND 


Figure  3 
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SMP-81  TELECOMMUNICATIONS  SAMPLE-AND-HOLD  AMPLIFIER 


TYPICAL  APPLICATION 

EIGHT-CHANNEL  SHARED  CODEC  PCM  ENCODER 


SAMPLE/HOLD  OUTPUT 
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Precision  Monolith ics  Inc. 


PKD-01 

MONOLITHIC  PEAK  DETECTOR 
(WITH  RESET- AND  -  HOLD  MODE) 


FEATURES 

•  Monolithic  Design  for  Reliability  and  Low  Cost 

•  High  Slew  Rate   O.SV/ps 

•  Low  Droop  Rate 

TA=25°C   0.1mV/ms 

TA  =  125°  C    10mV/ms 

•  Low  Zero-Scale  Error  4mV 

•  Digitally  Selected  Hold  and  Reset  Modes 

•  Reset  to  Positive  or  Negative  Voltage  Levels 

•  Logic  Signals  TTL  and  CMOS  Compatible 

•  Uncommitted  Comparator  on  Chip 

ORDERING  INFORMATION! 


25' C 

PACKAGE 

OPERATING 

v» 

14-PIN  DUAL-IN-LINE  PACKAGE 

TEMPERATURE 

(mV) 

HERMETIC* 

PLASTIC 

RANGE 

4 

PKD01AY* 

MIL 

7 

PKD01BV 

MIL 

4 

PKD01EY 

INO 

7 

PKD01FY 

INO 

4 

PKO01EP 

COM 

7 

PKD01FP 

COM 

'For  devices  processed  in  total  compliance  to  MIL-STO-683,  add  /6S3  alter 
part  number.  Consult  factory  lor  883  data  sheet. 

t  Burn-in  Is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip,  plastic  dip.  and  TO-can  packages.  For  ordering  Information,  see  1888 
Data  Book.  Section  2. 

GENERAL  DESCRIPTION 

The  PKD-01  tracks  an  analog  input  signal  until  a  maximum 
amplitude  is  reached.  The  maximum  value  is  then  retained  as 
a  peak  voltage  on  a  hold  capacitor.  Being  a  monolithic  circuit, 
the  PKD-01  offers  significant  performance  and  package  den- 
sity advantages  over  hybrid  modules  and  discrete  designs 
without  sacrificing  system  versatility.  The  matching  charac- 
teristics attained  in  a  monolithic  circuit  provide  inherent 
advantages  when  charge  Injection  and  droop  rate  error 
reduction  are  primary  goals. 

Innovative  design  techniques  maximize  the  advantages  of 
monolithic  technology.  Transconductance  (gm)  amplifiers 
were  chosen  over  conventional  voltage  amplifier  circuit 
building  blocks.  The  "gm"  amplifiers  simplify  internal 
frequency  compensation,  minimize  acquisition  time  and 
maximize  circuit  accuracy.  Their  outputs  are  easily  switched 
by  low  glitch  current  steering  circuits.  The  steered  outputs 
are  clamped  to  reduce  charge  injection  errors  upon  entering 
the  hold  mode  or  exiting  the  reset  mode.  The  inherently  low 
zero-scale  error  is  reduced  further  by  active  "Zener-Zap" 
trimming  to  optimize  overall  accuracy. 

The  output  buffer  amplifier  features  an  FET  input  stage  to 
reduce  droop  rate  error  during  lengthy  peak  hold  periods.  A 
bias  current  cancellation  circuit  minimizes  droop  error  at 
high  ambient  temperatures. 


Through  the  DET  control  pin,  new  peaks  may  either  be 
detected  or  ignored.  Detected  peaks  are  presented  as  posi- 
tive output  levels.  Positive  or  negative  peaks  may  be  detected 
without  additional  active  circuits  since  amplifier  A  can  oper- 
ate as  an  inverting  or  noninverting  gain  stage. 

An  uncommitted  comparator  provides  many  application 
options.  Status  indication  and  logic  shaping/shifting  are  typ- 
ical examples. 

PIN  CONNECTIONS 


14-PIN  HERMETIC  DIP 
(Y-Suttlx) 

EPOXY  DIP 
(P-Sufflx) 


FUNCTIONAL  DIAGRAM 


LA 


RST  6E1  OPEBATIOHAL  MOOt 
0      0  PEAK  DETECT 


0  IftdaltmUMl* 


4 

O  CH 


SWITCHES  SHOWN  FOR; 
RST  -  "V.  DET  -  "0~ 


Q 

I— I 

O 
X 


U4 
i-J 


c/o 


Manufactured  under  the  following  patent:  4.235,051 
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ABSOLUTE  MAXIMUM  RATINGS  (Note  2) 

Supply  Voltage   ±18V 

Power  Dissipation    500mW 

Input  Voltage   Equal  to  Supply  Voltage 

Logic  and  Logic  Ground 

Voltage    Equal  to  Supply  Voltage 

Output  Short-Clrcuit  Duration   Indefinite 

Amplifier  A  or  B  Differential  Input  Voltage   ±24V 

Comparator  Differential  Input  Voltage  ±24V 

Comparator  Output  Voltage 

  Equal  to  Positive  Supply  Voltage 

Hold  Capacitor  Short-Circult  Duration    Indefinite 

Lead  Temperature  (Soldering,  60  sec)   300° C 

Storage  Temperature  Range 

PKD01  AY,  PKD01  BY   -65°  C  to  + 1 50°  C 

PKD01EY,  PKD01FY   -65°Cto  +  150°C 

PKD01 EP,  PKD01 FP   -65°Cto  +  125°C 


Operating  Temperature  Range 

PKD01AY,  PKD01BY    -55°  C  to +125°  C 

PKD01EY,  PKD01FY    -2S°Cto+85°C 

PKD01EP,  PKD01FP   0°CtO+70°C 

Dice  Junction  Temperature   -65'C  to  +150°C 


MAXIMUM  AMBIENT 

OERATE  ABOVE 

PACKAGE 

TEMPERATURE 

MAXIMUM  AMBIENT 

(Not*  1) 

FOR  RATING 

TEMPERATURE 

14-Pln  DIP  (Y) 

80*C 

t0mW/,C 

14-Pin  DIP  (P) 

50"C 

6mVY/*C 

NOTES: 

1.  Maximum  package  power  dissipation  vs.  ambient  temperature. 

2.  Absolute  ratings  apply  to  both  packaged  parts  and  DICE  unless 
otherwise  noted. 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  CH  =  1000pF,  TA  =  25"C. 


PKD-01A/E  PKD-01B/F 
PARAMETER  SYMBOL    CONDITIONS  MIN      TYP     MAX  MIN      TYP     MAX  UNITS 


-gm-  AMPLIFIERS  A.  B 


Zero-Scale  Error 

Vzs 

2 

4 

3 

7 

mV 

Input  Ollset  Voltage 

Vos 

2 

3 

3 

6 

mV 

Input  Bias  Current 

'b 

60 

150 

60 

250 

nA 

Input  Olfset  Current 

■os 

20 

40 

20 

75 

nA 

Voltage  Gain 

Av 

RL=10kIl.  Vo=±10V 

18 

25 

10 

25 

V/mV 

Open- Loop 
Bandwidth 

BW 

Av=  1 

0.4 

0.4 

MHz 

Common-Mode 
Rejection  Ratio 

CMRR 

-10V<VCM<+10V 

80 

90 

74 

90 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

±9V<  VS<±18V 

66 

96 

76 

96 

dB 

Input  Voltage  Range 

Vcm 

(Note  1) 

±to 

±11 

±10 

±11 

V 

Slew  Rate 

SR 

0.5 

0.5 

V/|iS 

Feedthrough  Error 

AV,N  =  20V,  DET  =  1.  RST  =  0.  (Note  1 1 

66 

80 

66 

80 

dB 

Acquisition  Time  to 
0.1%  Accuracy 

<«. 

20V  Step,  AVCL  =  +1,  (Note  1 1 

41 

70 

41 

70 

es 

Acquisition  Time  to 
0.01%  Accuracy 

t&q 

20V  Step,  AVCL  =  + 1 ,  ( Note  1 ) 

45 

45 

COMPARATOR 

Input  Ollset  Voltage 

Vos 

0.5 

1.5 

1 

3 

mV 

Input  Bias  Current 

>B 

700 

1000 

700 

1000 

nA 

Input  Ollset  Current 

'os 

75 

300 

75 

300 

nA 

Voltage  Gain 

Av 

2kn  Pull-up  Resistor  to  SV 

5 

7.5 

3.5 

7.5 

V/mV 

Common-Mode 
Rejection  Ratio 

CMRR 

-10V  <  VCM£+10V 

82 

106 

62 

106 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

±9V<VS<±18V 

76 

90 

76 

90 

dB 

Input  Voltage  Range 

Vcu 

(Notel) 

±11.5 

±12.5 

±11.5 

±12.5 

V 

NOTES: 

1.  Guaranteed  by  design. 

2.  Due  to  limited  production  test  times,  the  droop  current  corresponds  to 
junction  temperature  (Tj).  The  droop  current  vs.  time  (after  power-on) 
curve  clarl  lies  this  point.  Since  most  devicesdn  use)  are  on  formore  than 
1  second,  PMI  specifies  droop  rate  lor  ambient  temperature  (TA)  also.  The 


warmed-up  (TA)  droop  current  specification  Is  correlated  to  the  junction 
temperature  (T|)  value.  PMI  hasadroop  current  cancellation  circuit  which 
minimizes  droop  current  at  high  temperature.  Ambient  (T*)  temperature 
specifications  are  not  subject  to  production  testing. 
3.   DET=1,RST  =  0. 
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PKD-01  MONOLITHIC  PEAK  DETECTOR 


ELECTRICAL  CHARACTERISTICS  al  Vs  =  +15V,  CH  =  1000pF,  TA  =  25°C.  (Continued) 


PKD-01  A/E 

PKD-01B/F 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Low  Output  voltage 

Vol 

'sink  -  5mA'  Logic  GND  =  OV 

-0.2 

0.15 

0.4 

-0.2 

0.15 

04 

V 

"OFF"  Output 
Leakage  Current 

II 

V0UT  =  5V 

25 

80 

25 

SO 

«A 

Output  Short- 
Circuit  Current 

Isc 

V0UT  =  5V 

7 

12 

45 

7 

12 

45 

mA 

Response  Time 

ts 

SmV  Overdrive,  (Note  3) 
2kfl  Pull-up  Resistor  to  SV 

150 

150 

ns 

DIGITAL  INPUTS-RST,  DET  (See  Note  3) 

Logic  "t"  Input  Voltage 

vH 

2 

2 

V 

Logic  "0"  Input  Voltage 

Vl 

0.8 

0.8 

V 

Logic  "1"  Input  Current 

'tNH 

VH  =  3.5V 

0.02 

1 

0.02 

1 

Logic  "0"  Input  Current 

'iNL 

VL  =  0.4V 

1.6 

10 

1.6 

10 

("A 

MISCELLANEOUS 

Droop  Rate 

VOB 

Ti  =  25*C. 

t1=2S-C  'SeeMo'e2> 

0.01 
0.02 

0.07 
0.15 

0.01 
0.03 

0.1 
0.20 

mV/ms 

Output  Voltage  Swing: 
Amplifier  C 

Vop 

Bet  =  1 

RL  =  2.5k 

±11.5 

±12.5 

±11 

±12 

V 

Short-Circuit  Current 
Amplifier  C 

Isc 

7 

15 

40 

7 

15 

40 

mA 

Switch  Aperture  Time 

75 

75 

ns 

Switch  Switching  Time 

ts 

50 

50 

ns 

Slew  Rale:  Amplifier  C 

SR 

RL  =  2.5k 

2.5 

2.5 

V/pS 

Power  Supply  Current       Igy  No  Load  —        5        7  —        6        9  mA 


ELECTRICAL  CHARACTERISTICS  at  Vs=±15V,CH=1000pF.-55oC<TA<125°C  lor  PKD-01  AY.  PKD-01BY,-25°C<TA<85,,C 
for  PKD-01  EY,  PKD-01  FY  and  0°C  <  TA  <  70°C  for  PKD-01  EP.  PKD-01  FP. 


PARAMETER 

SYMBOL 

CONDITIONS 

PKD-01  A/E 
MIN      TYP  MAX 

PKD-01  B/F 

MIN      TYP  MAX 

UNITS 

"gm"  AMPLIFIERS  A,  B 

Zero-Scale  Error 

Vzs 

4 

7 

6 

12 

mV 

Input  Offset  Voltage 

Vos 

3 

6 

5 

10 

mv 

Average  Input 
Offset  Drift 

TCVos 

I  Note  1) 

-9 

-24 

-9 

-24 

/iWC 

Input  Bias  Current 

'o 

160 

250 

160 

500 

nA 

Input  Offset  Current 

>os 

30 

100 

30 

150 

nA 

Voltage  Gain 

Av 

RL  =  iokav0=±iov 

7.5 

9 

5 

9 

V/mV 

Common- Mode 
Rejection  Ratio 

CMRR 

-10V<VCM<+10V 

74 

82 

72 

80 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

±9V<  VS<±18V 

80 

90 

70 

90 

dB 

Input  Voltage  Range 

VCM 

iNote  1) 

±10 

±11 

±10 

±11 

V 

Slew  Rate 

SR 

0.4 

0.4 

V/pS 

Acquisition  Time  to 
0.1%  Accuracy 

taq 

20V  Step,  AVCL  =  +1.  (Note  1i 

60 

60 

es 

COMPARATOR 

Input  Offset  Voltage 

Vos 

2 

2.5 

2 

5 

mV 

Average  Input 
Offset  Drift 

TCVos 

(Note  1) 

-4 

-6 

-4 

-6 

liV/'C 

Input  Bias  Current 

1000 

2000 

1100 

2000 

nA 
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PKD-01  MONOLITHIC  PEAK  DETECTOR 


ELECTRICAL  CHARACTERISTICS  at  Vs=±15V,Ch=1000pF,-55°C<Ta<125°C  for  PKD-01  AY,  PKD-01BY,-25oC<TA<85°C 
for  PKD-01  EY,  PKD-01  FY  and  O'C  <  TA  <  70°C  for  PKD-01  EP,  PKD-01  FP.  (Continued) 


9TMOUL 

PKD-01  A/E 
MEN      TYP  MAX 

PKD-01  B/F 
MIN      TYP  MAX 

UNITS 

Input  Offset  Current 

■os 

100 

600 

100 

600 

nA 

Voltage  Gain 

Av 

2kll  Pull-up  Resistor  to  5V 

4 

6.5 

2.5 

6.5 

V/mV 

Common-Mode 
Rejection  Ratio 

1UV  S  *CM  —  ^  lUv 

30 

100 

SO 

92 

dB 

Power  Supply 
Rejection  Ratio 

PSRR 

±9V<VS<±18V 

72 

82 

72 

86 

dB 

Input  Voltage  Range 

VCM 

I  Note  11 

±11 

±11 

V 

Low  Output  Voltage 

Vol 

'sink  £  5mA.  Logic  GND  =  0V 

-0.2 

0.15 

0.4 

-0.2 

0.15 

0.4 

V 

"OFF"  Output 
Leakage  Current 

li 

Vout  =  5V 

25 

too 

100 

130 

*"A 

Output  Short- 
Circuit  Current 

isc 

V0UT  =  5V 

6 

10 

45 

6 

10 

45 

mA 

Response  Time 

ts 

SmV  Overdrive. 

2kll  Pull-up  Resistor  to  5V 

200 

200 

ns 

DIGITAL  INPUTS-RST,  DET  (See  Note  31 

Logic  "1"  Input  Voltage 

vH 

2 

2 

V 

Logic  "0"  Input  Voltage 

Vl 

0.8 

0.8 

V 

Logic  "1"  Input  Current 

'|NH 

V„  =  3.5V 

0.02 

1 

0.02 

1 

HA 

Logic  "0"  Input  Current 

lINL 

VL=0.4V 

2.5 

15 

2.5 

15 

fA 

MISCELLANEOUS 

Droop  Rate 

VDn 

T|  =  Max.  Operating  Temp 
TA  =  Max.  Operating  Temp. 
DET  =  1,  (Note  2) 

1.2 
2.4 

10 
20 

CO  CO 

15 
20 

mV/ms 

Output  Voltage  Swing: 
AmplilierC 

V0P 

RL=2.5k 

±11 

±12 

±10.5 

±12 

V 

Short-Circuit  Current: 
Ampllller  C 

'sc 

6 

12 

40 

6 

12 

40 

mA 

Switch  Aperture  Time' 

'ap 

75 

75 

ns 

Slew  Rate:  Amplilier  C 

SR 

RL=2.5k 

2 

2 

V/JIS 

Power  Supply  Current 

No  Load 

5.5 

6 

6.5 

10 

mA 

NOTES: 

1.  Guaranteed  by  design. 

2.  Due  to  limited  production  test  times,  the  droop  current  corresponds  to 
function  temperature  iTji.  The  droop  current  vs.  time  (after  power-on) 
curve  clarifies  this  point.  Since  most  devices  (in  use)  are  on  for  more  than 
1  second.  PMI  specifies  droop  rate  for  ambient  temperature  (TA)  also.  The 
warmed-up  (TA>  droop  current  specification  is  correlated  to  the  junction 
temperature  iTj)  value.  PMI  hasa  droop  current  cancellation  circuit  which 
minimizes  droop  current  at  high  temperature.  Ambient  (TA|  temperature 
specifications  are  not  subject  to  production  testing. 

3.  DET  =  1,  RST  =  0. 
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PMi> 


PKD-01  MONOLITHIC  PEAK  DETECTOR 


DICE  CHARACTERISTICS 


Jfcl|SS# 


1.  RST  (RESET  CONTROL) 

2.  V  + 

3.  OUTPUT 

4.  Ch  (HOLD  CAPACITOR) 

5.  INVERTING  INPUT  (A) 

6.  NONINVERTING  INPUT  (A) 

7.  V- 

8.  NONINVERTING  INPUT  (B) 


9.  INVERTING  INPUT  (6) 

10.  COMPARATOR  NONINVERTING  INPUT 

11.  COMPARATOR  INVERTING  INPUT 

12.  COMPARATOR  OUTPUT 

13.  LOGIC  GROUND 

14.  DET  (PEAK  DETECT  CONTROL) 
A,B  (A)  NULL 

C,D  (B)  NULL 


DIE  SIZE  0.101  x  0.091  inch,  9191  sq.  mils 
(2.565  X  2.311mm.  5.93  sq  mm) 

For  additional  DICE  ordering  information,  refer 
to  1966  Data  Book,  Section  2. 


WAFER  TEST  LIMITS  at  Vs 

=  ±15V,  C 

H=  1000pF,  TA  =  25°C. 

PARAMETER 

SYMBOL 

CONDITIONS 

PKD-01N 
LIMIT 

UNITS 

-g.    AMPLIFIERS  A,  B 

Zero-Scale  Error 

VZS 

7 

mV  MAX 

Input  Offset  Voltage 

v0s 

6 

mV  MAX 

Input  Bias  Current 

'a 

250 

nA  MAX 

Input  Offset  Current 

los 

75 

nA  MAX 

Voltage  Gain 

Ay 

R[_-  tOkfl.  V0=  +10V 

10 

V/mV  MIN 

Common-Mode 
Rejection  Ratio 

CMRR 

-  10V  <  VCM  <  -i  10V 

74 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

±9VSVS£±18V 

76 

dB  MIN 

Input  Voltage  Range 

VCM 

(Note  1) 

ill. 5 

V  MIN 

Feedlhrough  Error 

-1V|N  =  20V,  DET  =  1.  RST    0.  Note  1 

66 

dB  MIN 

COMPARATOR 

Input  Offset  Voltage 

Vos 

3 

mV  MAX 

Input  Bias  Current 

lB 

10O0 

nA  MAX 

Input  Offset  Current 

'OS 

300 

nA  MAX 

Voltage  Gain 

Ay 

2ktl  Pull-up  Resistor  to  5V.  (Nolo  1) 

3.5 

V/mV  MIN 

Common-Mode 
Rejeclion  Ratio 

CMRR 

-10V<VCM<+10V 

62 

dB  MIN 

Power  Supply 
Rejection  Ratio 

PSRR 

±9VSVS£±18V 

76 

dB  MIN 

Input  Voltage  Range 

VCM 

(Note  1) 

±11.5 

V  MIN 

Low  Output  Voltage 

Vol 

ISink'-  5mA.  Logic  GND  =  5V 

0.4 
-0.2 

V  MAX 

V  MIN 

"OFF"  Output 
Leakage  Current 

k 

VOUT=5V 

80 

uA  MAX 

Output  Short- 
Circuil  Current 

he 

Vour  =  5V 

45 
7 

mA  MAX 
mA  MIN 

NOTES: 

1. 
2 


Guaranteed  by  design. 

Duo  to  limited  production  test  times,  the  droop  current  corresponds  to 
junction  temperature  (Tj).  The  droop  current  vs.  time  (after  power-on) 
curve  clarifies  this  point.  Since  most  devices  (in  use]  are  on  for  more  than 
1  second,  PMI  specifies  droop  rate  tor  ambient  temperature  |TA'  also.  The 


warmed-up  (TA)  droop  current  specification  is  correlated  to  tho  junction 
temperature  T  value.  PMI  has  a  droop  current  cancellation  circuit  which 
minimizes  droop  current  at  high  temperature.  Ambient  ITA)  temperature 
specifications  are  not  subject  to  production  testing. 
3.   DET  =1,  RST  =  0 


CO 
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CO 
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PKD-01  MONOLITHIC  PEAK  DETECTOR 


WAFER  TEST  LIMITS  at  Vs  = +15V.  CH=  lOOOpF,  TA  =  25°C.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

PKD-01  N 

LIMIT 

UNITS 

DIGITAL  INPUTS-RST,  DET  (See  Note  3) 

Logic  "1"  Input  Voltage 

vH 

2 

VMIN 

Logic  "0"  Input  Voltage 

Vl 

0.8 

VMAX 

Logic  "1"  Input  Current 

l|NH 

V„=3.5V 

1 

pA  MAX 

Logic  "0"  Input  Current 

'iNL 

VL  =  0.4V 

10 

jiAMAX 

MISCELLANEOUS 

Droop  Rate 

Von 

Ti  =  25*C. 

Ti=25-C(SM  1,10,921 

0.1 
0.20 

mV/ms  MAX 
mV/ms  MAX 

Output  Voltage  Swing: 
Amplifier  C 

RL  =  2.5k 

±11 

VMIN 

Snort-Circuit  Current: 
Amplifier  C 

he 

40 
7 

mA  MAX 
mA  MIN 

Power  Supply  Current 

No  Load 

9 

mA  MAX 

NOTES:                                                                                         1  second,  PMI  specifies  droop  rate  for  ambient  temperature  (TA)  also.  The 

1.  Guaranteed  by  design.                                                                    warmed-up  (TA)  droop  current  specification  is  correlated  to  the  junction 

2.  Due  to  limited  production  test  times,  the  droop  current  corresponds  to             temperature  (T|)  vatue.  PMI  has  a  droop  current  cancellation  circuit  which 
(unction  temperature  (Tp.  The  droop  current  vs.  time  (after  power-on)             minimizes  droop  current  at  high  temperatures.  Ambient  ITA)  temperature 
curve  clarifies  this  point.  Since  most  devices  1  In  use)  are  on  for  more  than             specifications  are  not  subject  to  production  testing. 

3.  BfT  =  1.RST  =  0. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  CH  =  1000pF,  and  TA  = 

25° C,  unless  otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

PKD-01  N 

TYPICAL 

UNITS 

-go,"  AMPLIFIERS  A,  B 

Slew  Rate 

SR 

0.5 

V/pS 

Acquisition  Time 

<• 

0.1*  Accuracy.  20V  step,  AVCL  =  1,  (Note  1 ) 

41 

flS 

Acquisition  Time 

<a 

0.01%  Accuracy,  20V  Btep.  AVCL=  1,  (Note  1) 

45 

c» 

COMPARATOR 

Response  Time 

5mV  Overdrive, 

2kfl  Pull-up  Resistor  to  +5V 

150 

ns 

MISCELLANEOUS 

Switch  Aperature  Time 

'.P 

75 

ns 

Switching  Time 

Is 

50 

ns 

Buffer  Slew  Rate 

SR 

RL  =  2.Skn 

2.5 

V/pS 
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pivii) 


PKD-01  MONOLITHIC  PEAK  DETECTOR 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


A  AND  B  INPUT  RANGE 
vs  SUPPLY  VOLTAGE 


'        t  9  13  IS  H 

SUPPLY  VOLTAQE  +V  AND  -V  (VOLTS) 


A  AND  B  AMPLIFIERS  OFFSET 
VOLTAGE  vs  TEMPERATURE 


5       0        25      50       75  100 

TEMPERATURE  fCI 


A,  B  losvs  TEMPERATURE 


J  P3 

a 

4  - 


— ■< 



s 

1  1 

-75    -50    -25     0     25     50     75    100    125  150 
TEMPERATURE  l°CI 


AMPLIFIER  B  CHARGE  INJECTION 
INPUT  SPOT  NOISE  WIDEBAND  NOISE  ERROR  vs  INPUT  VOLTAGE 

vs  FREQUENCY  vs  BANDWIDTH  AND  TEMPERATURE 
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PKD-01  MONOLITHIC  PEAK  DETECTOR 


LARGE-SIGNAL  SETTLING  TIME  FOR -10V  SETTLING  TIME  FOR  -MOV 

NONINVERTING  RESPONSE  TO  0V  STEP  INPUT  TO  0V  STEP  INPUT 
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PMI> 


PKD-01  MONOLITHIC  PEAK  DETECTOR 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


SMALL-SIGNAL  OPEN  LOOP 
GAIN/PHASE  vs  FREQUENCY 


\ 

i 

GAIN 

V  1 

TA  - *25'C 

nL  -  iDkn 

CL  -  30pF 

\ 

PH 

; 

UE 

\ 

\: 

\ 

»      l»       lk      10k  100k 
FREQUENCY  {Hi) 


CHANNEL  TO  CHANNEL 
ISOLATION  vs  FREQUENCY 


N 

\ 

TEST 

CONDI 

TION: 

btl  "  lwwpr 
AMPLfffBJl  A  AND 

!  1 

ICONh 

ECTED 

IN  *t  1 

AIN 

AMPLIFIED 
AmP'L  I F- 1  e  jh 

1 

kViBl  OFF,  INPUT  -10 

i  ii  ■     input  -  ov 

1  1 

ifv4 

10       TOO       Ik       10k     100k  1M 
FREQUENCY  (Hi) 


OFF  ISOLATION 
vs  FREQUENCY 


1 

A.  Au*M 

> 

A,  Av 

\ 

10       100       Ik       10k      100k      1M  10M 
FREQUENCY  |H/| 


DROOP  RATE  vs  TIME  AFTER 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 
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THEORY  OF  OPERATION 

The  typical  peak  detector  uses  voltage  amplifiers  and  a  diode 
or  an  emitter  follower  to  charge  the  hold  capacitor,  CH. 
unidirectionally  (Figure  1).  The  output  impedance  of  A  plus 
D,  's  dynamic  Impedance,  ra,  make  up  the  resistance  which 
determines  the  feedback  loop  pole.  The  dynamic  impedance 

kT 

is  rd=i-L.  Id  is  the  capacitor  charging  current. 

The  pole  moves  toward  the  origin  of  the  S  plane  as  ld  goes  to 
zero.  The  pole  movement  in  itself  will  not  significantly 
lengthen  the  acquisition  time  since  the  pole  is  enclosed  in  the 
system  feedback  loop. 

When  the  moving  pole  is  considered  with  the  typical  fre- 
quency compensation  of  voltage  amplifiers  there  is  however, 
a  loop  stability  problem.  The  necessary  compensation  can 
increase  the  required  acquisition  time.  PMI's  approach 
replaces  the  input  voltage  amplifier  with  a  transconductance 
amplifier;  Figure  2. 

The  PKD-01  transfer  function  can  be  reduced  to: 
Vqut  1  1 


1  + 


sCH 

9m 


1 


9mR0UT 


1  + 


SCh 


Where:  gm  -  1/jA/mV,  ROUt  -  20Mn. 

The  diode  in  series  with  A's  output  (Figure  2)  has  no  effect 
because  it  is  a  resistance  in  series  with  a  current  source.  In 
addition  to  simplifying  the  system  compensation,  the  input 
transconductance.  amplifier  output  current  is  switched  by 
current  steering.  The  steered  output  is  clamped  to  reduce 
and  match  any  charge  injection. 

Fig.  3  shows  a  simplified  schematic  of  the  reset  "gm"  ampli- 
fier, B.  In  the  track  mode,  Q,  &  Q4  are  ON  and  Q2  &  Q3  are 
OFF.  A  current  of  21  passes  through  D,,  I  is  summed  at  "B" 
and  passes  through  Q,,  and  is  summed  with  gmV!N.  The 
current  sink  can  absorb  only  31,  thus,  the  current  passing 
through  D2  can  only  be:  2K  -gmV|N.  The  net  current  into  the 
hold  capacitor  node  then,  is  gmV!N  (CH=2i  -(21  -gmV|N).  The 
hold  mode,  Q2  &  Q3  are  ON  while  Q,  &  Q4  are  OFF.  The  net 
current  into  the  top  of  D,  is-l  until  D3  turns  ON.  With  Q,  OFF, 
the  bottom  of  D2  is  pulled  up  with  a  current  I  until  D4  turns 
ON,  thus  D\  &  D2  are  reverse  biased  by  "0.6V  and  charge 
Injection  is  independent  of  input  level. 

The  monolithic  layout  results  in  points  A  and  B  having  equal 
nodal  capacitance.  In  addition,  matched  diodes  D,  and  D2 
have  equal  diffusion  capacitance.  When  the  transconduc- 
tance amplifier  outputs  are  switched  open,  points  A  and  B  are 
ramped  equally  but  in  opposite  phase.  Diode  clamps  D3  and 
D4  cause  the  swings  to  have  equal  amplitudes.  The  net 
charge  injection  (voltage  change)  at  node  C  is  therefore  zero. 

The  peak  transconductance  amplifier,  A,  is  shown  in  Figure 
4.  Unidirectional  hold  capacitor  charging  requires  diode  D, 
to  be  connected  in  series  with  the  output.  Upon  entering  the 
peak  hold  mode  D,  is  reverse  biased.  The  voltage  clamp 
limits  charge  injection  to  approximately  1pC  and  the  hold 
step  to  0.6mV. 

Minimizing  acquisition  time  dictated  a  small  CH  capacitance. 
A  1000pF  value  was  selected.  Droop  rate  was  also  minimized 


by  providing  the  output  buffer  with  an  FET  input  stage.  A 
current  cancellation  circuit  further  reduces  droop  current 
and  minimizes  the  gate  current's  tendency  to  double  for 
every  10°  C  temperature  change. ' 


Figure  1.  Conventional  Voltage  Amplifier  Peak  Detector 


Figure  2.  Transconductance  Amplifier  Peak  Detector 


Figure  3.  Transconductance  Amplifier  with  Low  Glitch 
'Current  Switch 


Figure  4.  Peak  Detecting  Transconductance  Amplifier  with 
Switched  Output 
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APPLICATIONS  INFORMATION 
OPTIONAL  OFFSET  VOLTAGE  ADJUSTMENT 

Offset  voltage  Is  the  primary  zero  scale  error  component 
since  a  variable  voltage  clamp  limits  voltage  excursions  at 
D,'s  anode  and  reduces  charge  Injection.  The  PKD-01  circuit 
gain  and  operational  mode  (positive  or  negative  peak 
detection)  determine  the  applicable  null  circuit.  Figures  A 
through  D  are  suggested  circuits.  Each  circuit  corrects 
amplifier  C  offset  voltage  error  also. 

A.  NULLING  GATED  OUTPUT  gm  AMPLIFIER  A.  Diode  D, 
must  be  conducting  to  close  the  feedback  circuit  during 


amplifier  A  Vos  adjustment.  Resistor  network  RA~Rccause 
Di  to  conduct  slightly.  With  DET=0  and  V|N= OV  monitor  the 
PKD-01  output.  Adjust  the  null  potentiometer  until  Vout-OV. 
After  adjustment,  disconnect  Rcfrom  C|+ 

B.  NULLING  GATED  g,„  AMPLIFIER  B.  Set  amplifier  B  signal 
input  to  V|N= OV  and  monitor  the  PKD-01  output.  Set  DET=  1 , 
RST  =  1  and  adjust  the  null  potentiometer  for  V0ut = OV.  The 
circuit  gain  —  inverting  or  noninverting  —  will  determine 
which  null  circuit  illustrated  In  Figures  A  through  D  is 
applicable. 


lOOkQ 

Vl*>— vW  t»l- 

I — /vv*- 


-</VSA_ 


"(Si) 


1.  NULL  RANGE-  ± 

2.  OlSCONNECT  Rc  FROM  Cm  AFTER  AMPLIFIER  A  ADJUSTMENT. 
X  REPEAT  NULL  CIRCUIT  FOR  RESET  BUFFER  AMPLIFIER  B  IF  REOUEREO. 

Ra.  Ri  AND  Rc  NOT  NECESSARY  FOR  AMPLIFIER  B  ADJUSTMENT. 


Figure  A.  Vos  Null  Circuit  for  Unity  Gain  Positive  Peak 
Detector 


v»o  «W- 


»> 

■vw- 


Z^Z  cH-t000pF 
NOTES;  _ 

1.  NULL  RANOE  «  ±  Vg  (-jji) 

2.  DISCONNECT  Rc  FROM  Cn  AFTER  AMPLIFIER  A  ADJUSTMENT. 

S.  REPEAT  NULL  CIRCUIT  FOR  RESET  BUFFER  AMPUFIER  B  IF  REQUIRED. 


Ri 

V.-C— -WAA- 
R| 

»|M*C— — »W- 


R|sRj*A4 



i-r 


■■-o& 


:    CM  -  tODOpF 

NOTES: 

1.  NULL  RANGE 

2.  DISCONNECT  Rc  FROM  C*  AFTER' AMPLIFIER  A  ADJUSTMENT. 

3.  REPEAT  NULL  CIRCUIT  FOR  RESET  BUFFER  AMPLIFIER  B  IF  REQUIRED. 


Figure  B.  V08  Null  Circuit  for  Differential  Peak  Detector 


NOTES: 

1.  NULL  RANGE  a  x 

2.  OlSCONNECT  Rc  FROM  Cm  AFTER  AMPLIFIER  A  ADJUSTMENT. 
X  REPEAT  NULL  CIRCUIT  FOR  RESET  BUFFER  AMPLIFIER  B  IF  REQUIRED. 


Figure  C.  Vos  Null  Circuit  for  Negative  Peak  Detector 


Figure  D.  V08  Null  Circuit  for  Positive  Peak  Detector  With 
Gain 
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PEAK  HOLD  CAPACITOR  RECOMMENDATIONS 

The  hold  capacitor  (Ch)  serves  as  the  peak  memory  element 
and  compensating  capacitor.  Stable  operation  requires  a 
minimum  value  of  lOOOpF.  Larger  capacitors  may  be  used  to 
lower  droop  rate  errors,  but  acquisition  time  will  increase. 

Zero  scale  error  is  internally  trimmed  for  CH  =  1000pF.  Other 
Ch  values  will  cause  a  zero  scale  shift  which  can  be  approxi- 
mated with  the  following  equation. 

AVzs(mV)  =  1  x  103(PO  -o.6mV 
CH(nF) 

The  peak  hold  capacitor  should  have  very  high  insulation 
resistance  and  low  dielectric  absorption.  For  temperatures 
below  85°  C,  a  polystyrene  capacitor  is  recommended,  while 
a  Teflon  capacitor  is  recommended  for  high  temperature 
environments. 

CAPACITOR  GUARDING  AND  GROUND  LAYOUT 

Ground  planes  are  recommended  to  minimize  ground  path 
resistance.  Separate  analog  and  digital  grounds  should  be 
used.  The  two  ground  systems  are  tied  together  only  at  the 
common  system  ground.  This  avoids  digital  currents  return- 
ing to  the  system  ground  through  the  analog  ground  path. 

The  Ch  terminal  (Pin  4)  is  a  high-impedance  point.  To 
minimize  gain  errors  and  maintain  the  PKD-01  's  inherently 
low  droop  rate,  guarding  Pin  4  as  shown  in  Figure  2  is 
recommended. 


REPEAT  ON 
"COMPONENT  SIDE- 
OP  PC  BOARD  CP  POSS48LE 


Figure  2.  CH  terminal  (Pin  4)  guarding.  See  text. 
COMPARATOR 

The  comparator  output  high  level  (V0h)  is  set  by  external 
resistors.  It's  possible  to  optimize  noise  immunity  while  inter- 
facing to  all  standard  logic  families — TTL,  DTL,  and  CMOS. 
Figure  1  shows  the  comparator  output  with  external  level 
setting  resistors.  Table  I  gives  typical  R,  and  R2  values  for 
common  circuit  conditions. 

The  maximum  comparator  high  output  voltage  (  V0h)  should 
be  limited  to: 

VoH(maximum)  <  V+  -2.0V 


With  the  comparator  in  the  low  state  (Vol),  ,ne  output  stage 
will  be  required  to  sink  a  current  approximately  equal  to 
Vc/Rr. 


COMPARATOR  MPUT 


Von 
-O 


OKMTAL 
OND 


Figure  1 
Table  I 


VC 

V0H 

R1 

R2 
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3.5 

2.7K 

6.2K 

5 

5.0 

2.7K 

CO 

15 

3.5 

4.7K 

1.5K 

15 

5.0 

4.7K 

2.4K 

15 

7.5 

7.5K 

7.5K 

15 

10.0 

7.5K 

15K 

'SINK 


PEAK  DETECTOR  LOGIC  CONTROL  (RST,  DET) 

The  transconductance  amplifier  outputs  are  controlled  by 
the  digital  logic  signals  RST  and  DET.  The  PKD-01  opera- 
tional mode  is  selected  by  steering  the  current  (l-i)  through 
Q,  and  Qj,  thus  providing  high-speed  switching  and  a  pre- 
dictable logic  threshold.  The  logic  threshold  voltage  is  1.4 
volts  when  digital  ground  is  at  zero  volts. 

Other  threshold  voltages  ( VTH)  may  be  selected  by  applying 
the  formula: 

V-th"  1-4V  +  Digital  Ground  Potential. 

For  proper  operation,  digital  ground  must  always  be  at  least 
3.5V  below  the  positive  supply  and  2.5V  above  the  negative 
supply.  The  RST  or  DET  signal  must  always  be  at  least  2.8V 
above  the  negative  supply. 

Operating  the  digital  ground  at  other  than  zero  volts  does 
i  nf  I  uence  the  comparator  output  low  voltage.  The  Vol  level  Is 
referenced  to  digital  ground  and  will  follow  any  changes  in 
digital  ground  potential: 

Vol  -  0.2V  +  Digital  Ground  Potential. 
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NEGATIVE  PEAK  DETECTOR  WITH  GAIN 
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UNITY  GAIN  NEGATIVE  PEAK  DETECTOR 


TIME  (WU/OIVI 


ALTERNATE  GAIN  CONFIGURATION 


::^>H>t- 


tww>  — jj/' 


iifPUT  amplified  auH 


if.1*: 


IF  BOTH  INPUT  SIGNAL  {AMPLIFIER  A  INPUTI  AND  THE  RESET 
VOLTAGE  (AMPLIFIER  H  INPUT  HAVE  THE  SAME  POSITIVE  VOLT- 
AGE GAIN  THE  GAIN  CAN  BE  SET  BY  A  SINGLE  VOLTAGE  DIVIDER 
FOR  BOTH  INPUT  AMPLIFIERS. 


NOTE: 

HI,  R2.  R3  AND  Ri  >  Skfl 
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LOGIC  SELECTABLE  POSITIVE  OR  NEGATIVE  PEAK  DETECTOR 
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PEAK  READING  A/D  CONVERTER 
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PRODUCTS 


INTRODUCTION 

PMI's  line  of  communications  products  serve 
the  needs  of  the  serial  data  transmission 
networks  used  in  telecommunications  and 
LAN's.  They  perform  the  difficult  interfacing 
function  between  the  analog  nature  of  a 
transmission  line  and  the  digital  world  of  the 
microprocessor.  The  repeater  products 
regenerate  data  which  has  been  attenuated  and 
distorted  along  the  transmission  line  and 
retransmit  the  information  synchronized  to  the 
original  clock  rate.  The  receiver  products 
terminate  the  transmission  line  and  separate  the 
incoming  clock  and  data  information  into 
microprocessor-compatible  signals.  Both  are 
compatible  with  NRZ  and  RZ  data 
transmissions,  and  both  operate  transparent  to 
data  formatting. 

The  RPT-82/RPT-83  are  monolithic  PCM 
repeaters  used  to  regenerate  alternate-mark- 
inversion  pulses  in  PCM  carrier  systems  at  T1 
(1.544Mbps)  and  T148  (2.048Mbps)  data  rates. 
These  repeaters  contain  a  high  gain  preamplifier 
and  ALBO  circuitry  to  achieve  over  40dB  of 
input  signal  dynamic  range.  RPT-86/RPT-87  are 
next  generation  PCM  repeaters  similar  to  the 
RPT-82/RPT-83  with  many  additional 
performance  enhancements.  These  repeaters 
operate  from  a  single  5.6V  supply  and  are 
compatible  with  T1,  T148,  and  the  higher  data 
rate  T1C  (3.152Mbit)  systems.  The  RPT-86/RPT- 
87  both  contain  dual  ALBO  ports  for  an 
increased  dynamic  range  of  over  50dB.  They 
also  exhibit  greatly  improved  stability  versus 
temperature  and  supply  voltage  fluctuations. 
Both  the  RPT-83  and  RPT-87  also  contain  a 
clock  shutdown  function  to  prevent  the 
transmission  of  false  data  when  the  incoming 
signal  falls  below  a  usable  level. 

The  LIU-01  is  a  versatile  serial  data  receiver.  It 
also  contains  dual  ALBO  ports  for  over  60dB  of 
dynamic  range  and  will  operate  at  data  rates 
from  under  50Kbps  to  over  4Mbps.  Unlike  the 
repeaters,  the  LIU-01  presents  both  data  and 
clock  as  TTL/CMOS  compatible  outputs.  It  also 
outputs  a  LOSS  OF  CARRIER  signal  indicating 
that  the  incoming  signal  has  fallen  below  a 
usable  level. 


DEFINITIONS 

ALBO  Diode  impedance  —  The  small-signal 
impedance  of  the  ALBO  diode  measured  from 
the  ALBO  input  to  ground.  The  AC  impedance  is 
the  parallel  combination  of  two  diode-connected 
transistors  and  approximately  3pF  of  stray 
capacitance.  The  impedance  of  the  transistors  is 
inversely  proportional  to  the  current  flowing 
through  them,  Rq  =  13/Id.  where  Rd  is  the  ALBO 
diode  impedance  in  ohms  and  Id  is  the  ALBO 
diode  current  in  mA. 

ALBO  Threshold  —  The  differential  voltage, 
measured  between  the  preamp  outputs,  that  is 
required  to  activate  the  internal  peak  detector 
which  drives  current  through  the  ALBO  diodes. 

AMI  —  Alternate  Mark  Inversion.  A  form  of 
digital  signal  transmission  where  each 
successive  1-bit  is  of  opposite  polarity. 

Automatic  Line  Build  Out,  ALBO  —  An 

automatic-gain-control  circuit  which  operates 
by  simulating  the  attenuation  and  frequency 
distortion  of  an  extension  of  the  transmission 
line. 

Bipolar  Violation,  BPV  —  The  transmission  of 
two  consecutive  pulses  of  the  same  polarity. 

Bit  Error  Rate,  BER  —  A  count  of  the  errored 
data  bits  received  per  second  of  transmission. 

Clock  Threshold  —  The  differential  voltage, 
measured  between  the  preamp  outputs,  that  is 
required  to  activate  the  clock  synchronization 
circuitry. 

Data  Threshold  —  The  differential  voltage, 
measured  between  the  preamp  outputs,  that  is 
required  to  activate  the  data  detection  circuitry. 

Equalizing  Network  —  A  network  which 
compensates  for  the  amplitude  and  phase 
response  of  the  transmission  cable  over  the 
operating  bandwidth. 

Loss  of  Carrier,  LOC  —  An  output  indicating 
that  the  incoming  signal  has  fallen  below  a 
usable  level.  This  signal  is  active  low. 

Maximum  Density  —  An  input  signal  pattern 
consisting  of  all  Vs. 

Minimum  Density  —  For  T1  format,  this  is  a 
repeating  signal  pattern  consisting  of  two  1's 
followed  by  fourteen  0's. 
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Oscillator  Bias  Voltage  —  A  DC  level  used  to  set 
the  center  point  of  an  LC  oscillator  tank's 
operation. 

Output-Pulse  Rise  (Fall)  Time  —  Measured  from 
the  10%  to  90%  points. 

Output-Pulse-Width  Differential  —  In  a  T1 
carrier  system,  a  typical  transmitted  data  pulse 
width  is  324nsec.  The  pulse-width  differential  is 
the  difference  in  pulse  width  of  two  successive 
outputs. 

Preamplifier  Bandwidth  —  3dB  bandwidth  of  the 
preamplifier  circuit. 

Quasi-Random  Signal  Source,  QRSS  —  A  signal 
consisting  of  random  1's  and  0's. 

RCLK  —  Received  clock  extracted  from  the 
incoming  data  signal. 

RNEG  —  Received  data  extracted  from  negative 
incoming  signal  levels. 

RPOS  —  Received  data  extracted  from  positive 
incoming  signal  levels. 
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Precision  iMuiuilithics  Inc. 


FEATURES 

•  Automatic  ALBO  Function 

•  Clock-Shutdown  Circuit  (RPT-83) 

•  Low-Power  Operation  (100mW) 

•  Pin  Compatible  with  XR-C277 

GENERAL  DESCRIPTION 

The  RPT-82/83  are  integrated  circuits  that  perform  the  active 
functions  required  for  regenerative  PCM  repeaters.  They  can 
operate  from  less  than  100kHz  to  greater  than  3MHz.  In  PCM 
systems,  information  is  transmitted  by  the  presence  orabsence 
of  bipolar  pulses  In  specified  time  slots.  The  RPT-82/83  repeat- 
ers automatically  adjust  gain  to  optimize  signal  levels,  deter- 
mine if  a  pulse  is  present  or  not,  and  retransmit  the  recon- 
structed pulses. 

The  difference  between  the  RPT-82  and  the  RPT-83  is  that  the 
RPT-83  contains  a  clock-shutdown  circuit.  This  shutdown 
circuit  senses  the  incoming  signal  level  and  disables  the  clock 


drive  if  the  incoming  signal  is  below  the  level  where  accurate 
reconstruction  is  possible.  This  prevents  noise  or  cross-talk 
from  appearing  as  a  valid  signal  that  would  be  retransmitted. 


PIN  CONNECTIONS  &  ORDERING  INFORMATION 


INPUT  I— 
PRE  AMP  I  [Z 
INPUTS  [Qf 

PREAMP  f  LT 

outputs!^ 
analog  qnd  (t 
digital  gnp  (t 

DRIVER  |T 
r  1 — 


OUTPUT L 


is]  ALBO  FILTER 
15]  Vcci 
u)  LC  TANK 
-71  OSCILLATOR 
111  CONTROL 
ij]  1  PHASE 

• — '  'shift 

CAP 


31 

]o]  VCC2 

T]  DRIVER 
1 — 'OUTPUT 


16-PIN 
HERMETIC  DIP 
(Q-Suffix) 

16-PIN  SO 
(S-Suffix) 


HERMETIC  DIP  SO 

RPT82FQ  RPT82FS 
RPT83FQ  RPT83FS 
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ABSOLUTE  MAXIMUM  RATINGS 

Pin  10  to  Pin  7  or  6  16.0V,  -0.2V 

Pin  15  to  Pin  7  or  6  8.0V,  -0.2V 

Maximum  Voltage  at  Pins  8  or  9  30V,  -0.2V 

Maximum  Voltage  at  Pins  2,  3, 4,  5, 11, 12, 14  VCc2 

Maximum  Sinking  Current  at  Pin  8  or  9    300mA 


Operating  Temperature  Range  -40°  C  to  +85°  C 

Storage  Temperature  Range  -65°C  to  +150°C 

Power  Dissipation  500m W 

Lead  Soldering  Temperature  300°  C 


ELECTRICAL  CHARACTERISTICS  at  VCC1  =  4.4V,  VCC2  =  6.8V,  -40°C  <  TA  <  +85° C,  unless  otherwise  noted. 
Vpin6  =  Vpin7  =  Vpini3  =  GND. 


PARAMETER 

SVMBOL 

CONDITIONS 

RPT-82/RPT-83 
MIN      TVP  MAX 

UNIT8 

SUPPLV 

Supply  Current 

Icci 

TA  =  25"C  (Note  1) 

5.0 

8.5 

9.5 

mA 

Supply  Current 

ICC2 

TA  =  26° C  (Notel) 

1.0 

2.5 

3.5 

mA 

Total  Supply  Current 

•cci +  'ccs 

TA  =  25"C  (Notel) 

e 

11 

13 

mA 

PREAMPLIFIER 

Preamplifier  Open-Loop  Gain  ^ff"  6 
AV0i„2 

Measure  AV^  2  necessary  to  change 
pins  from  1.8V  to  3.2V 

44 

48 

51 

dB 

Preamplifier  Bandwidth 

Bw 

3dB  Points  (Note  2) 

3 

5 

MHz 

Preamplifier  Input  Impedance 

600 

kit 

Preamplifier  Input  Offset  Voltage 

vos 

Vpi„s-Vpln3(Noie1) 

1 

15 

mV 

Preamplifier  Output  Impedance 

(Note  2) 

SO 

150 

ft 

Preamplifier  Output  High 

VOH* 

Vtt„  4  with  VWn  j  "  2.5V,  Vpl„  3  »  2.7V.  TA  =  25'  C. 

3.35 

3.45 

3.75 

V 

Preamplifier  Output  Low 

VOHL 

V  4  with  V  j  ■  2.SV,  Vel„  ,  ■  2.3V,  TA  =  25»C. 

1.0 

1.4 

1.45 

V 

Preamplifier  Input  Bias  Current 

lo 

U2orU3(No,Bl> 

1 

4 

«A 

Preamplifier  Input  Offset  Current 

'os 

W-U3<Not8l> 

0.05 

2 

fA 

OUTPUT  DRIVE 

Output  Voltage  Swing 

Vo 

vpln  8  High  -  Vpm  a  Low.  vpln  <  Hie ft  "  vpln  9  Low 

6 

V 

Output  Voltage.  Low 

Vol 

TA»25"C.  luoM^ISmA 

0.5 

0.8 

1.1 

V 

Differential  Output  Voltage,  Low 

Vold 

TA  =  25'C.  1^0=  15mA 

0.02 

0.15 

V 

Output  Leakage  Current 

'oh 

Vpln  ,4  ■  4-W.  Vp,„  ,  =  Vpl„  ,  =  20V,  (Note  1 ) 
TA  =  25'C 

O.OS 

BO 

HA 

Output  Pulse  Rise-Time 

Tos 

(Note  2) 

30 

50 

ns 

Output  Pulse  Fall-Time 

To, 

(Note  2) 

10 

60 

ns 

Output  Pulse  Width 

p. 

AH  =  1.544  MHz 

324 

ns 

Pulse-Width  Differential 

(Note  2) 

3 

12 

ns 

Bipolar  Violations  at  Maximum  Density 

BV,  MAX 

0 

Bipolar  Violations  with  Quasi-Random 
Input  Pattern 

BVR  MAX 

0 

CLOCK  CIRCUIT 

Tank  Emitter-Follower  Base  Current 

Ire 

Uu.VpinM^.WINotel) 

4 

15 

/lA 

Tank  Input  Impedance 

ZINT 

Measured  Irom  pin  14  to  pin  15 

300 

kft 

Oscillator  Bias  Current 

'osc 

Vp,„,.  =  39V(losc-lTB)  (Notel) 

10 

30 

50 

</A 

Oscillator  Injection  Current 

'iNJ 

Sat  V  4  -  Vp,„  5  =  ±  1.4V,  Vpl„  „  =  3.9V 

OlNJ  -  'osc) 

60 

160 

190 

«A 

Delay  Circuit  Resistor 

Measured  from  pin  11  or  pin  12  to  pin  15. 
TA  =  25"C 

3.2 

4.0 

4.8 

kft 

NOTES: 

1.  Vp,„  2  =  2.5V;  adjust  Vpln  3  until  Vpin  4  =  Vpin  5. 

2.  Sample  tested. 
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ELECTRICAL  CHARACTERISTICS  at  VCC1  =  4.4V.  VCC2  =  6.8V,  -40°  C  <  TA  <  +85°  C,  unless  otherwise  noted. 
Vpin  e  =  Vpin  7  =  Vpin  13  =  GND.  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

RPT-82/RPT-83 

MIN       TYP  MAX 

UNITS 

MISCELLANEOUS 

ALSO  Threshold 

Via 

Differential  voltage,  measured  between  pins  4 
and  5,  required  to  activate  the  Peak  Detector. 
TA  =  25«C 

1.35 

1.5 

1.65 

V 

Clock  Threshold 

VTC 

Differential  voltage,  measured  between  pins  4 
and  5,  required  to  activate  the  Clock  Detector. 
TA  =  25»C 

0.65 

1.0 

1.2 

V 

Data  Threshold 

Vtl 

Differential  voltage,  measured  between  pins 
4  and  S,  required  to  activate  the  Data  Detector. 
TA  =  25"C 

0.65 

0.75 

0.S5 

V 

Clock  Threshold  as  %  ol  ALSO  Voltage 

Vtc 

TA  =  25'C 

67 

73 

78 

% 

Data  Threshold  as  %  ol  ALBO  Voltage 

Vtl 

TA  =  25'C 

46 

54 

58 

% 

ALBO  ON  Voltage 

V0,6 

Measured  at  pin  16, 

IVp,  -  Vpjj  =  ALBO  Threshold 

1.0 

1.7 

2.5 

V 

ALBO  OFF  Voltage 

VF,6 

Measured  at  pin  16  and  pin  1 
TA  =  25°C(Note1) 

75 

mV 

Minimum  ALBO  Diode  Resistance 

RpMIN 

8 

11 

Maximum  ALBO  Oiode  Impedance 

HD  MAX 

f  =  1.544MHz 

30 

kll 

ALBO  Gain  Range 

(Note  3) 

36 

46 

dB 

NOTES: 

1-  Vpi„2=2-5V; adjust Vpin 3 until Vpin4  =  Vp,„ 5. 


2.  Sample  tested. 

3.  Guaranteed  by  design. 


FUNCTIONAL  DESCRIPTION 

Bipolar-pulse  transmission,  the  transmission  of  alternately 
positive  and  negative  pulses,  is  used  on  repeater  lines  to 
remove  the  DC  component  present  in  unipolar  PCM  pulse 
trains.  This  also  places  the  principal  energy  components  in  the 
0-1 ,544MHz  band,  as  opposed  to  the  0-3.088MHz  band  for 


unipolar  pulse  trains.  The  absence  of  a  DC  component  in 
bipolar  pulse  trains  permits  the  repeater  to  be  transformer- 
coupled  to  the  repeater  line  and  helps  prevent  time-shifting  of 
the  regenerator  firing  levels  with  variations  in  input  pulse 
density  (see  Figure  1). 


ENERGY  SPECTRA  OF  BIPOLAR  AND  UNIPOLAR  PULSE  TRAINS 
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The  blpolar-PCM  pulse  train  is  transformer-coupled  into  the 
preamplifier  as  shown  in  the  functional  block  diagram  (Figure 
2).  The  secondary  of  the  input  transformer  is  loaded  with  the 
proper  terminating  resistor,  RT,  to  match  the  line  impedance. 
One  side  of  the  transformer  secondary  is  AC-coupled  to  ground 
by  capacitor  C1;  the  other  side  of  the  secondary  winding  is  in 
series  with  resistance  Rs.  Resistor  Rs  and  the  RC  network  RaC* 
are  AC-coupled  to  the  ALBO  input  by  capacitor  C2.  The  impe- 
dance of  the  ALBO  (Automatic  Line  Build-Out)  input  to  ground 
is  governed  by  the  amount  of  current  through  the  ALBO  diode. 
Rs,  in  series  with  RaCa,  provides  signal  attenuation  propor- 
tional to  the  current  flowing  through  the  ALBO  diode.  When 
minimum  current  flows  through  the  ALBO  diode,  C2  is  effec- 
tively isolated  from  ground  and  the  input  signal  attentuation  is 
minimal.  The  ALBO  diode  range  of  8C1  to  30kf5  provides  com- 
pensation for  line  losses  of  approximately  5dB  to  41  dB. 

The  preamplifier  stage  amplifies  the  input  signal  and  applies  it 
to  the  three  comparators  labeled  data  detector,  clock  detector, 
and  peak  detector,  respectively.  Each  comparator  provides  an 
output  whenever  the  signal  exceeds  the  trip  point  on  both 
positive  and  negative  pulses.  Each  comparator  trips  at  a  differ- 
ent threshold.  The  data  detector  is  set  to  trip  at  the  54%  point; 
the  clock  detector  trips  at  the  73%  point;  and  the  peak  detector 
trips  at  peak  amplitude.  Thresholds  and  waveforms  are  shown 
in  Figure  3. 

Current  pulses  from  the  peak  detector  are  integrated  by  the 
capacitor  in  the  ALBO  filter.  This  causes  a  relatively  constant 


current  to  flow  through  the  emitter  follower  and  D1.  In  the 
RPT-83,  a  low  voltage  at  the  ALBO  filter  enables  the  clock- 
shutdown  circuit  when  there  is  no  input  signal.  The  clock- 
shutdown  circuit  turns  off  the  clock  amplifier  so  that  neither  the 
regenerated  clock,  nor  the  strobe  outputs,  are  sent  to  the  flip- 
flops.  This  prevents  the  RPT-83  from  sending  noise  or  cross- 
talk out  as  valid-appearing  data  pulses  when  the  incoming  data 
level  is  too  low. 

The  clock  detector  output  locks  the  oscillator  to  the  input 
frequency.  The  following  amplifier  stages  shape  the  oscillator 


THRESHOLDS  AND  WAVEFORMS 
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output  and  shift  it  in  time.  The  phase-shift  capacitor  is  selected 
to  provide  additional  phase-shift  so  that  the  strobe  pulses  will 
occur  at  the  center  of  the  incoming  pulses.  This  provides 
optimum  timing  for  determining  if  a  "1"  or  a  "0"  is  present.  A 
0-to-30pF  capacitor  (10pF  is  typical  at  1.544MHz)  will  optimize 
the  performance  of  the  complete  repeater. 

The  delayed  regenerated  clock  and  the  data-detector  outputs 
drive  the  input  flip-flops  and  output  transistors.  The  output 
transistors  are  coupled  to  the  transmission  line  through  an 
output  transformer. 

DETAILED  DESCRIPTION 
PREAMPLIFIER 

The  preamplifier  performs  two  basic  functions.  The  first  is  to 
raise  the  level  of  the  incoming  signal  to  the  correct  level  to  trip 
the  comparators.  The  second  is  to  provide  frequency/gain 
compensation  to  enhance  the  signal-to-noise  ratio  of  the 
incoming  signal.  The  preamp  is  designed  to  be  operated  in  a 
near  open-loop  condition.  A  limited  amount  of  feedback  is  used 
to  control  the  frequency  response.  The  gain-phase  relationship 
of  the  preamp  (see  Figures  4  and  S)  implies  that  the  feedback 
network  must  have  40dB  attenuation  or  more  at  20MHz  and 
above  to  ensure  stability. 

ALBO 

To  enable  the  preamp  to  operate  open-loop  with  a  wide  range  of 
signal  levels,  the  ALBO  diode  is  connected  between  the 
preamp  input  and  ground.  Since  the  ALBO-diode  conductance 
is  directly  proportional  to  the  ALBO-diode  current,  and  the 
ALBO  diode  is  driven  by  the  peak  detector,  any  signal  in  excess 
of  that  required  to  trip  the  peak  detector  will  be  shunted  to 
ground  through  the  ALBO  diode.  This  automatic-gain-control 
function  maintains  the  signal  at  the  optimum  level  to  operate 
the  clock  and  data  detectors. 


go 

PREAMPLIFIER 
FREQUENCY  RESPONSE 

60 

a 

1 

z  30 

s 

20 
10 

0.1 

Figure  4 

1               10  100 
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Ik 

The  combination  of  Rs  and  RA,  in  parallel  with  both  CA  and  the 
series  impedance  of  the  ALBO  diode,  perform  the  following  two 
functions:  1)  the  automatic-gain-control  function  previously 
described,  and  2)  the  frequency/phase  compensation  for  trans- 
mission-line losses. 

FREQUENCY/PHASE  COMPENSATION 

Frequency/phase  compensation  is  desirable  for  three  reasons: 

1.  If  the  bandwidth  is  wider  than  necessary,  noise  and  cross- 
talk outside  of  the  signal-frequency  band  will  appear  at  the 
threshold  detectors.  Out-of-band  signals  increase  the  prob- 
ability that  an  incorrect  logic  decision  will  be  made.  These 
incorrect  logic  decisions  will  increase  the  bit  error  rate. 

2.  Nonlinear  phase-shifts  in  the  transmission  line  may  cause 
the  signal  to  be  distorted  to  the  extent  that  bit  errors  occur. 
Phase  compensation  in  the  repeater  can  partly  correct  for 
this  problem. 

3.  Large  phase-shifts  in  the  preamplifier  at  high  frequencies 
can  cause  instability  if  not  compensated  for  by  the  feed- 
back network.  (See  Figures  4  and  5). 

CLOCK  DETECTOR 

The  clock  detector  drives  the  clock-tank  circuit  with  a  pulse 
each  time  that  the  incoming  signal  is  greater  than  73%  of  the 
average  peak  signal. 

PEAK  DETECTOR 

The  peak  detector  drives  the  ALBO  buffer  and  ALBO  diode  at 
the  peak  of  the  amplified  "1"  bits.  Whenever  the  preamp  AC- 
signal-output  exceeds  about  1.5V  peak-to-peak,  the  ALBO 
buffer  becomes  forward  biased  and  drives  current  into  both  the 
ALBO  diode  and  the  ALBO  filter.  This  closed-loop  AQC  action 
maintains  the  preamp  input  signal  at  about  5mVp-p. 


PREAMPLIFIER 
PHASE  RESPONSE 


FREQUENCY  (MNx) 
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RPT-82/83  IN  TYPICAL  1.544MHz  T1  REPEATER  SYSTEM 
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APPLICATION 

In  a  typical  T1, 1.544MHz  repeater  system  (see  Figure  6),  the 
repeater  is  placed  in  series  with  a  twisted-pairtransmission  line 
at  distances  of  up  to  approximately  6000  feet.  The  power  is 
supplied  by  a  constant  current  of  60mA  that  is  sent  common- 
mode  down  the  transmission'  line.  This  constant  current  is 
separated  from  the  signal  by  input  transformer  T1  and  output 
transformer  T2,  and  is  converted  to  voltages  VCC1  and  VCc2  by 
zener  diodes  ZDi  and  ZD2.  The  signal  is  coupled  into  the  input 
network  by  T1.  One  end  of  T1  is  held  at  AC  ground  by  C2;  and 
the  other  end  is  terminated  by  the  line-matching  resistor  R1. 
The  line-matching  resistor  is  followed  with  a  resistive  attenuator 
consisting  of  R2  and  R3,  and  the  ALBO  series  impedance  R4. 
The  two  resistors,  R2  and  R3,  isolate  the  changing  ALBO-diode 
impedance  from  the  transmission  line  such  that  the  transmission 
line  is  always  correctly  terminated.  Resistor  R4,  in  series  with 
the  shunt  ALBO-diode  impedance,  determines  the  amount  of 
attenuation  provided  at  any  given  ALBO-diode  current. 
Capacitor  C1  provides  a  shunt  path  to  ground  for  signals  that 
are  above  the  signal  frequency. 


When  the  ALBO-diode  impedance  is  high,  the  ALBO  series  and 
shunt  impedances  have  very  little  effect  so  the  unattenuated 
signal  is  applied  to  the  preamp  input  with  only  C1  affecting  the 
frequency  response.  When  the  ALBO-diode  input  impedance  is 
reduced  by  higher  signal  levels,  more  of  the  input  signal  is 
shunted  to  ground  through  the  ALBO  shunt  impedance. 

The  ALBO  shunt  impedance,  C3  and  RS,  changes  the  input 
attenuation  vs.  frequency  such  that  the  system  has  more  high 
frequency  response  at  low  signal  levels,  and  less  high  fre- 
quency response  at  high  signal  levels.  This  change  in  band- 
width with  signal  level  is  intended  to  partially  compensate  for 
the  increased  high-frequency  losses  that  occur  in  long  trans- 
mission lines.  ■ 

The  bias  feedback  components  between  pin  4  and  pin  2,  con- 
sisting of  C7,  R7,  and  C2,  operate  as  a  DC  self-biasing  network. 
This  C-R-C  network  prevents  AC  feedback  and  allows  the 
preamp  to  establish  a  balanced  input-and-output  DC  bias  of  2.5 
to  2.6  volts.  Resistor  R11  provides  the  DC  path  for  biasing 
between  pins  S  and  3. 


15-10 


8/87,  Rev.  A1 


00 

30 

< 


"g  1.  3  3 

—  —  CD  tQ 
to   J  ™  c 


S  3  S 

■  O  o  to 

I;? 

.  w  »  <g 

51  2.  ? 
&»  §. 

■  —  DO. 

5?.  o  cp 

3  fu 
CT  to  n, 

<d  ™  3 

—  to  s 
-o  n  i. 

CD    ~  Q. 

~  °  5 
°  3  — 
3  5  5' 

Ol    D)  (D 


CD  n  0> 

ill 

B.  o  re' 


t  I 


3  CD 

»»; 

Q.  O  Q. 


J   C  CD 

5'  2  ° 
3  5  = 


ru  tn 
3  t5' 


).j  3  tri?  t  II 

tD    O    q>  CD 

5  Z  •<  S 

^  (U    ID  3 

«■  o  S-L. 

'if  cn  I 


.  —  IU  w 

C  CO  W 

Q.  is  -'  -' 

O  8.  °  ° 

M  —  -*J  i 


s  3 

!  =.  CT 

i    D  CD 

3  S 

?  | 

3  1 


3 


w  c 

OJ  CD 

-  0)  2. 
Z".  co 

3  O 

If 


?.  Q. 

0  — 
3"  ^. 

§.« 

3"  — 

,  a  ^ 

>  o  S 

►  CD  "O 

r  w  5 

L "  § 
f  ft  2 
\  «  ? 

•<  IQ 

1  S 
3  c> 

iq'  i! 

J.  o 

9  ?• 


<  oj  3 

—  a!   3  Q. 

n|in 

H  ft   ^  £" 

—  —  o 
3  *  S- 


?1 


O    Q.  01  O 
01    W  CJ) 


C  3 


0)  O 

2  °  "*  6 

5  a  >  < 

O  9- 


9.  CD  < 

CD  O 

o  cd 

1/1  II) 

<     O  (£} 

CD    3  CD 


:  T  Q-  o- 

O    CD  0) 

c=  -«  o 


V    Q)  u 

o  S.  oj 
■  3  -  ■  E? 


CD    w  H 

5  I   i   u  is 

EU  — * 
U 

3-  CO  _ 

5>  3  S 
«  «  E. 

ra  — 1  — (  — 1  H 
3"  X.     3"     3     J  3 
=1  -      CD     to     (0  ro 

1  S  5 

3  S  o  -o    n  -o 

nag 

J   fD  — 

e  E  a  %  s 

•  q  3 
o.  3  to 

to   3  < 

O  »    2L    a  ° 

S  f  1  * '  8 

indin 
lectivi 

S  2l  a  a  f 

3    2    o   "2.  — 
t           n     3  to 

i  0)  3  en 
g    —  CD  CD 

C  5'  o  _ 
•O  CO    <  3 

3    ft  i  2 

<a  co  3  0) 

-  U  ^  2 

9   CT  C  CD 

!!!•<■ 


?  s 

CD  ^" 

T3  2r 
co  ,- 

cd  m 
-  3 

a 
n 
S  55 


u  i  o 
oj  cn  CD 


o  "9. 


m 

3 

a 


"HO 


III 

1°  i 

O    3  Crt 

°  I  ° 
n  ™ 


™  to 

to' 

W  3 


3 


13 

5 


COMMUNICATIONS  PRODUCTS 


PMI> 


RPT-82/RPT-83  PCM  REPEATERS 


Figure  12 


Figure  13 


Circuit  layout  techniques  used  for  R.F.  amplifiers  should  be 
followed.  Use  of  double-sided  boards  with  all  unused  circuit- 
board  area  made  into  a  ground  plane  is  highly  recommended. 
Keep  input  and  output  leads  as  far  apart  as  possible,  and  signal 
runs  as  short  as  possible.  Locate  the  attenuator  network  and  the 
ALBO  series  impedance  R4  as  close  to  pin  2  as  possible. 

Power  supply  voltages  Vcci  and  Vcc2  should  be  bypassed  near 
pins  10  and  15.  A  bypass  capacitor  between  the  Vcc2  connec- 
tion on  T2  and  pin  7  is  also  recommended. 
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RPT-86/RPT-87 

LOW  POWER 
PCM  REPEATERS 

PRELIMINARY 


FEATURES 

•  Low  Power  Consumption  (56mW) 

•  Single-Supply  Operation 

•  Wide  Data  Rate  Range  <  100kbps  to  >3Mbps 

•  Dual  ALBO  Diodes;  Dynamic  Range  >50dB 

•  Clock-Shutdown  Circuit  (RPT-87) 

ORDERING  INFORMATION! 


PACKAGE 

OPERATING 

TEMPERATURE 

CERDIP 

PLASTIC 

RANGE 

RPT66FQ 

RPTBBFStr 

XIND 

RPT87FQ 

RPT87FStt 

XIND 

t  Bum-in  isavailable  on  commercial  and  industrial  temperature  range  parts  in 
cerdlp,  plastic  dip,  and  TO-can  packages.  For  ordering  Information,  see 
1988  Data  Book,  Section  2. 
tt  For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 
your  local  sates  office. 

GENERAL  DESCRIPTION 

The  RPT-86  and  RPT-87  are  monolithic  repeater  circuits 
containing  all  the  active  functions  required  in  regenerative  PCM 
repeaters.  These  devices  automatically  adjust  gain  to  optimize 
signal  levels,  determine  if  a  pulse  is  present,  and  retransmit  the 
reconstructed  pulses.  The  RPT-86  and  RPT-87  operate  at  data 
rates  from  under  100kbps  to  over  3Mbps  and  are  compatible 
with  T1  (1.544Mbps),  T148  (2.048Mbps),  and  T1C(3.152Mbps) 
systems. 

FUNCTIONAL  BLOCK  DIAGRAM 


A  key  feature  of  the  RPT-86/RPT-87  repeaters  is  the  ability  to 
operate  on  a  single  supply  of  S.6V  with  a  typical  quiescent 
supply  current  of  only  10mA.  In  addition,  the  RPT-86  and  RPT- 
87  have  two  automatic  line  build-out  diodes  coupled  with  a  high 
gain  preamplifier  that  allows  for  a  dynamic  input  signal  range 
exceeding  50dB. 

The  RPT-87  also  contains  a  clock-shutdown  circuit.  This 
shutdown  circuit  senses  the  incoming  signal  level  and  disables 
the  clock  drive  to  the  output  latches  if  the  incoming  signal  is 
below  the  level  where  accurate  pulse  reconstruction  is  possible. 
This  prevents  noise  or  crosstalk  from  being  mistaken  as  valid 
data  and  retransmitted. 

PIN  CONNECTIONS 


AlOO  INPUT  (T  • 
ALBO  INPUT  {J_ 


PREAMP  I*  LL 
INPUTS  \-  f7 

PREAKP  |  *  LT 
OUTPUTS |_ 
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OUTPUT  LL 


ALBO  FILTER 

OSC  BIAS 

LCTANX 
OSCILLATOR 
CONTROL 
PHASE 
SHIFT 
CAP 
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OUTPUT 
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16-PIN  SO 
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This  preliminary  product  Information  Is  based  on  testing  of  a  limited  number  of  devices.  Final  specifications  may  vary.  Please  contact  local  sales 
office  or  distributor  for  final  data  sheet. 

15-13  9/87,  Rev.  A 


RPT-86/RPT-87  LOW  POWER  PCM  REPEATERS  —  PRELIMINARY 


ABSOLUTE  MAXIMUM  RATINGS 

Voltage  Pin  10  to  Pin  7, 20ms  Pulse, 

Duty  Cycle  <  0.1   35V, -1.0V 

Voltage  Pin  10  to  Pin  7,  Continuous  SOHz 

Half-Wave  Sinusoid   25V, -1.0V 

Pin  10  to  Pin  7,  Continuously  13.5V,  -0.7V 

Voltage  Pins  8  or  9  to  Pin  7,  Continuously   35V,  -1 .0V 


Voltage  Pins  3, 4, 5, 6, 11, 12, 14  to  Pin  7   Vcc 

Sinking  Current  at  Pin  8  or  9    300mA 

Operating  Temperature  Range  -40°C  to  +85°C 

Storage  Temperature  Range  -65°C  to  +150°C 

Power  Dissipation   500mW 

Lead  Soldering  Temperature   300°C 


ELECTRICAL  CHARACTERISTICS  at  Vcc  =  5.6V,  -40°C  <  TA  <  +85°C,  unless  otherwise  noted.  VPIN  7  =  VP,N  13  =  GND. 


RPT-86F/RPT-87F 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

SUPPLY 

Supply  Current 

Ice 

(Nolel) 

5 

10 

12 

mA 

PREAMPLIFIER 

Preamplifier  Open-Loop  Gain 

Ao 

44 

48 

51 

dB 

Preamplifier  Bandwidth 

Bw 

-3dB  (Note  3) 

3 

S 

MHz 

Preamplifier  Input 
Impedance,  Differential 

Z|N 

f=  1.544MHz 

SO 

kfi 

Preamplifier  Input 
Offset  Voltage 

v0s 

(Note  1) 

1 

5 

mV 

Preamplifier  Output  Impedance 

ZOUT 

SO 

100 

n 

Preamplifier  Output  High 

V0HA 

TA  =  +25*C 

3.3S 

3.4S 

V 

Preamplifier  Output  Low 

VOLA 

TA  =  +25'C 

1.4 

1.45 

V 

Preamplifier  Input 
Bias  Current 

lB 

(Notel) 

1 

4 

pA 

Preamplifier  Input 
Offset  Current 

'os 

(Note  1) 

0.02 

0.2 

Preamplifier  Output 
Self-Bias  Voltage 

Vdc 

TA  =  +25*C  (Note  1) 

2.4 

2.5 

2.6 

V 

OUTPUT  DRIVE 

Output  Voltage  Low 

Vol 

'load  =  MmA 

0.7 

0.9 

1.1 

V 

Differential  Output 
Voltage,  Low 

Vold 

'load  =  Z°mA 

0.02 

0.15 

V 

V,.,n«  =  4-9V, 

Output  Leakage  Current 

•oh 

Vp,Ne  =  VP,N9  =  20V 
(Note  1) 

0.05 

50 

fA 

Output  Pulse  Rise-Time 

TOB 

(Note  2) 

30 

50 

ns 

Output  Pulse  Fall-Time 

T0F 

(Note  2) 

10 

60 

ns 

Output  Pulse  Width 

P« 

f  =  1.544MHz 

324 

ns 

Pulse-Width  Differential 

Pv»D 

(Note  2) 

3 

12 

ns 

CLOCK  CIRCUIT 

Tank  Emitter-Follower 
Base  Current 

Ira 

'piNM.VpiNM  =  «-9V 
(Note  1) 

4 

15 

«A 

Oscillator  Bias  Current 

'osc 

VpiN  14  =  3'9V.  (I030  -  lTB) 

(Nolel) 

10 

30 

50 

»A 

Oscillator  Injection  Current 

'iMJ 

SetVp,NS-Vp1N5  =  ±1.4V, 

VpiN  14  =  3.9V,  Cihj  -  lose) 

60 

160 

190 

pA 

Data  Sampling  Interval 

Tos 

(Note  3) 

70 

95 

ns 

Measured  from  pin  11, 

Delay  Circuit  Resistor 

Ra 

or  pin  12  to  pin  15 
TA  =  +25"C 

3.2 

4.0 

4.8 

kn 

Oscillator  Bias  Voltage 

Vbias 

VpiN  15 

4.4 

V 
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RPT-86/HPT-87  LOW  POWER  PCM  REPEATERS  -  PRELIMINARY 


ELECTRICAL  CHARACTERISTICS  at  Vcc= 5.6V,  -40°C  <  TA<  +85°C,  unless  otherwise  noted.  Vp,N7= VP,N  ,3=  GND.  (Continued) 


RPT-86F/RPT-87F 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ALBO 

Differential  voltage,  measured 

ALBO  Threshold 

Vta 

between  pin3  6  and  S,  required 

iv  aidnraiu  mo  r  van  t^viubiui. 

1.35 

1.5 

1.65 

V 

ALBO  Threshold  ±Dlfferent!al 

Vtao 

75 

mV 

ALBO  ON  Voltage 

v0» 

Measured  at  pin  16, 

[VpiN  6  -  VpiH  5l  =  ALB°  Threshold 

1-0 

1.7 

2.5 

V 

ALBO  OFF  voltage 

Vf« 

Measured  at  pin  16  and  pin  1 
(Note  1) 

75 

mV 

Minimum  ALBO 
Diode  Resistance 

R0  M1N 

6 

10 

n 

Maximum  ALBO 
Diode  impedance 

RqMAX 

f  =  1.544MHz  (Note  4) 

20 

30 

kn 

ALBO  Diode 
Impedance  Matching 

ROMIN  —  RD  S  ^DMAX 

10  , 

% 

DATA/CLOCK  THRE8HOLD8 

Differential  voltage,  measured 

Clock  Threshold 

Vrc 

between  pins  6  and  S.  required 
to  activate  the  Clock  Detector. 

0.85 

1.0 

1.15 

V 

Clock  Threshold 
as  %  of  ALBO  Voltage 

vTc 

64 

67 

70 

% 

Clock  Threshold  ±Oifferentlal  % 

Vtcd 

3 

% 

Differential  voltage,  measured 

Data  Threshold 

vTl 

between  pins  6  and  5,  required 
lo  activate  the  Data  Detector. 

0.65 

0.75 

0.85 

V 

Data  Threshold 
as  *  ol  ALBO  Voltage 

Vtl 

47 

50 

53 

% 

Data  Threshold  ±DI((erential  % 

Vtld 

3 

% 

NOTES: 

1.  Preamplilier  self-biased.  VPIN  3  =•  VPIN  ,  =■  VPIN  5  =  VP,N  fr 

2.  Sample  tested. 

3.  Guaranteed  by  correlation  to  other  tested  parameters. 

4.  Guaranteed  by  design. 

TYPICAL  PERFORMANCE  CHARACTERISTICS 


PREAMPLIFIER  PREAMPLIFIER 
FREQUENCY  RESPONSE  PHASE  RESPONSE 


0.1  1  19  100  Ik  0.1  1  TO  100  Ik 

FREQUENCY  (Klfal  FREQUENCY  IMHi) 
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FEATURES 

•  Wide  Data  Rate  Range,  <  50kbps  to  >4Mbps 

•  Accepts  RZ  and  NRZ  Data  Formats 

•  Accepts  Unipolar  and  Bipolar  Transmissions 

•  Single +5  Volt  Operation 

•  Automatic  Gain/Equalization  Control;  Dynamic  Range 
>60dB 

•  TTL/CMOS  Compatible  Clock  and  Data  Outputs 

•  Provides  LOSS-OF-CARRIER  Output 

•  Suitable  for  T1.T148,  TIC,  and  LAN  Applications 

•  MeetsCCITTandATTSpeciflcationsforlSDNCompatibnity 

APPLICATIONS 

•  PBXs  and  LANs  Using  Twisted-Palr,  Coax,  or  Fiber  Optic 
Cable 

•  ISDN  Compatible  Equipment:  Computers,  FAX  Machines, 
Test  Equipment 

•  Industrial  Communications/Process  Control 

•  Digital  Multiplexers,  CSUs,  and  Switching  Equipment 

GENERAL  DESCRIPTION 

The  LIU-01  is  a  versatile  monolithic  receiver  for  use  in  serial 
data  transmission  networks.  It  accepts  both  RZ  and  NRZ  Input 
signals,  separates  the  clock  and  data,  and  presents  both  clock 
and  data  as  TTL/CMOS  compatible  outputs.  A  LOSS-OF- 
CARRIER  output  is  also  provided  to  indicate  that  the  incoming 
signal  has  fallen  below  a  usable  level.  The  LIU-01  incorporatesa 
high  gain  preamplifier  and  dual  ALBO  ports  enabling  it  to 


LIU-01 

SERIAL 
DATA  RECEIVER 


PRELIMINARY 

automatically  adjust  for  the  signal  attenuation  and  frequency 
distortion  encountered  at  varying  lengths  of  twisted-pair,  coax, 
or  fiber  optic  transmission  lines.  It  will  tolerate  an  input  signal 
range  of  over  60dB  and  can  handle  data  rates  ranging  from  less 
than  50kbps  to  greater  than  4Mbps. 

The  LIU-01  meets  all  CCITT  and  ATT  specifications  for  an 
ISDN  compatible  receiver  interface.  Additionally,  it  is  directly 
compatible  with  the  R8070  and,  with  one  additional  inverter 
gate,  the  DS2180  digital  T1  transceivers. 

PIN  CONNECTIONS 


PREAMP  j  ♦  LT 
OUTPUTS  i_  £7 

v«E 

TAKKLC  (T 
OSCOIAS  [T 
DELAY  |T 
RKEOfT 

RPoa|T 


3  "I  PREAKP 
jjJ+jMPUItl 

u]  ALBO  FILTH) 


TT]  ONO 
to]  G5c 
TJ  RCLK 


18-PIN  CERDIP 
(Q-Sufflx) 

16-PIN  SOL 
(S-Suffix) 

16-PIN  PLASTIC  DIP 
(P-Sufflx) 


FUNCTIONAL  BLOCK  DIAGRAM 


4  A 


This  preliminary  product  Information  Is  based  on  testing  ol  a  limited  number  ol  devices.  Pinal  specifications  may  vary.  Please  contact  local  sales 
office  or  distributor  lor  final  data  sheet 
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UU-01  SERIAL  DATA  RECEIVER  —  PRELIMINARY 


ORDERING  INFORMATION t  

PACKAGE  OPERATING 

  TEMPERATURE 

 CERDIP  PLASTIC  RANGE  

LIU01FQ                       LIU01FP  XIND 
 —  LIUOIFStt  XIND  

t  Bum-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
cerdip.  plastic  dip,  and  TO-can  packages.  For  ordering  Information,  see 
1858  Data  Book,  Section  2. 
tt  For  availability  and  bum-in  information  on  SO  and  PLCC  packages,  contact 
your  local  sales  office. 

ELECTRICAL  CHARACTERISTICS  at  Vcc  = 


ABSOLUTE  MAXIMUM  RATINGS 

Maximum  Voltage,  Pin  3  to  Pin  7   6.5V,  -0.5V 

Maximum  Voltage,  Any  Pin  Except  12  and  13  Vcc 

Maximum  Sinking  Current,  Any  Pin   20mA 

Operating  Temperature  Range  -40°C  to  +85°C 

Storage  Temperature  Range  -65°C  to  +150°C 

Power  Dissipation   500mW 

Lead  Soldering  Temperature     300° C 


5V,  -40°C  <  TA  <  +85°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

LIU-01F 

TYP 

MAX 

UNITS' 

SUPPLY 

Supply  Current 

ice 

(Notel) 

20 

mA 

PREAMPLIFIER 

Preamplifier  Open-Loop  Gain 

A0 

56 

dB 

Preamplifier  Bandwidth 

Bw 

-MB  (Note  3) 

6 

9 

MHz 

Preamplifier  Input 
Impedance,  Differential 

Z,N 

f  =  1.644MHz 

50 

kfl 

Preamplifier  Input 
Offset  voltage 

Vos 

(Note  1) 

1 

10 

mv 

Preamplifier  Output  Impedance 

2OUT 

50 

100 

n 

Preamplifier  Output  High 

VOMA 

TA  =  +2S°C 

4.0 

V 

Preamplifier  Output  Low 

V0LA 

TA=+25°C 

1.2 

V 

Preamplifier  Input 
Bias  Current 

la 

(Note  1) 

1 

4 

eA 

Preamplifier  input 
Offset  Current 

I  OS 

(Note  1) 

0.02 

0.5 

„A 

Preamplifier  Output 
Self-Bias  voltage 

Voc 

TA  =  +25°C(Note  1) 

2.5 

V 

OUTPUT  DRIVE 

Output  High  Voltage,  LOC 

VOHC 

lL=  lOOpA 

4.0 

V 

Output  Low  voltage,  LOC 

Voic 

iL  «  5mA 

0.25 

V 

Output  High  Voltage, 
RPOS,  RNEG.  RCLK 

VOHD 

lL  =  400i<A 

3.5 

V 

Output  Low  Voltage, 
RPOS,  RNEG.  RCLK 

VOLD 

lL  =  5mA 

0.25 

V 

Output  Pulse  Rise-Time 

Ton 

(Note  2) 

20 

ns 

Output  Pulse  Fall-Time 

T0F 

(Note  2) 

20 

ns 

Output  Pulse-Width, 
RPOS,  RNEG 

f  =  1.544MHz 

64S 

ns 

Output  Pulse-Width, 
RCLK 

f  =  1.544MHz 

324 

rts 

CLOCK  CIRCUIT 

Oscillator  Bias  Voltage 

VBIAS 

VPINS 

3 

V 

Tank  Emitter-Follower 
Base  Current 

'TO 

(Note  1) 

10 

pA 

Oscillator  Bias  Current 

'osc 

30 

pA 

Oscillator  Injection  Current 

'|NJ 

200 

«A 

Data  Sampling  Interval 

TOS 

(Note  3) 

20 

ns 

Delay  Circuit  Resistor 

Measured  from  pin  6  to  pin  3 
TA  =  +25°C 

700 

1000 

1300 

11 
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UU-01  SERIAL  DATA  RECEIVER  —  PRELIMINARY 


ELECTRICAL  CHARACTERISTICS  at  Vcc = 5V,  -40°C  <  TA  £  +BS°C,  unless  otherwise  noted.  (Continued) 


LIU-OIF 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ALBO 

Differential  voltage,  measured 

ALBO  Threshold 

Vta 

between  pins  1  and  2.  required 
to  activate  the  Peak  Detector 

1.35 

1.5 

1.65 

V 

ALBO  Threshold  IDilferenlial 

Vtad 

75 

mV 

ALBO  ON  Voltage 

V014 

Measured  at  Pin  14, 

IVpiN  i  ~  Vpin  a)  =  ALBO  Threshold 

1.0 

1.7 

4.0 

V 

ALSO  OFF  Voltage 

vF« 

Measured  at  Pins  12, 13, 14 
(Note  1) 

75 

mV 

Minimum  ALBO 

RqMIN 

5 

8 

n 

Diode  Resistance 

Maximum  ALBO 
Diode  Impedance 

RqMAX 

1  =  1.544MHZ  (Note  4) 

20 

30 

kfl 

ALBO  Diode 
Impedance  Matching 

BD«INS  RD£  "DMAX 

10 

% 

DATA/CLOCK  THRESHOLDS 

Differential  voltage,  measured 

Clock  Threshold 

Vtc 

between  pins  1  and  2.  required 
to  activate  the  Clock  Detector. 

0.85 

1.0 

1.15 

V 

Clock  Threshold 
as  lb  ol  ALBO  Voltage 

Vtc 

64 

67 

70 

% 

Clock  Threshold  IDifterentlal  % 

Vico 

3 

% 

Differential  voltage,  measured 

Data  Threshold 

Vtl 

between  pins  1  and  2,  required 
to  activate  the  Data  Detector. 

0.65 

0.75 

0.85 

V 

Data  Threshold 
as  %  ol  ALBO  Voltage 

Vtl 

47 

50 

53 

Data  Threshold  ^Differential  % 

3 

NOTES: 

1.  Preamplifier  self-biased.  VP[N , »  VPIN  2  »  VptN  ^  *■  VPIN  ,fr 

2.  Sampte  tested. 

3.  Guaranteed  by  correlation  to  other  tested  parameters. 

4.  Guaranteed  by  design. 
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1  Precision  Monolithics  Inc. 

PMI  Letter 
Designator 

Package 
Description 

38510 
Applicable 
Configuration 

Page 

Package  Dimensions  —  Metal  Cans 

H 

6-Lead  TO-78 
Metal  Can 

16-4 

J 

8-Lead  TO-99 
Metal  Can 

A1 

16-4 

K 

10-Lead  TO-100 
Metal  Can 

A2 

16-4 

Package  Dimensions  —  Ceramic  DIPs 

z 

8-Lead 
Ceramic  DIP 

D4-1 

16-5 

Y 

14-Lead 
Ceramic  DIP 

D1-1 

16-5 

Q 

16-Lead 
Ceramic  DIP 

D2-1 

16-6 

X 

18-Lead 
Ceramic  DIP 

D6-1 

16-6 

R 

20-Lead 
Ceramic  DIP 

D8-1 

I O  1 

W 

24-Lead 
Narrow-Body 
Ceramic  DIP 

D9-1 

ID-O 

V 

24-Lead 
Ceramic  DIP 

D3-1 

16-9 

T 

28-Lead 
Ceramic  DIP 

16-10 

Package  Dimensions  —  Side-Brazed  DIPs 

YB- 

14-Lead 

Side-Brazed  DIP 

D1-3 

16-11 

OB" 

16-Lead 

Side-Brazed  DIP 

D2-3 

16-11 

XB- 

18-Lead 

Side-Brazed  DIP 

D6-3 

16-12 

RB- 

20-Lead 

Side-Brazed  DIP 

D8-3 

16-12 

VB- 

24-Lead 

Side-Brazed  DIP 

D3-3 

lO-IO 

TB* 

28-Lead 

Side-Brazed  DIP 

16-14 

Package  Dimensions  —  Epoxy  DIPs 

P 

8-Lead  Epoxy  DIP 

ID-  ID 

p 

14-Lead  Epoxy  DIP 

16-15 

P 

16-Lead  Epoxy  DIP 

16-16 

P 

18-Lead  Epoxy  DIP 

16-16 

P 

20-Lead  Epoxy  DIP 

16-17 

P 

24-Lead 
Narrow-Body 
Epoxy  DIP 

16-18 

P 

24-Lead  Epoxy  DIP 

16-19 

PACKAGE 
INFORMATION 


PMI  Letter 
Designator 


Package 
Description 


38510 
Applicable 
Configuration  Page 


Package  Dimensions  —  Cerpacks 

L  10-Lead  Cerpack 

M  14-Lead  Cerpack 

F  16-Lead  Cerpack 

N  24-Lead  Cerpack 


16-20 
16-20 
16-21 
16-21 


Package  Dimensions  —  Flatpacks 


L* 
LB1 

M* 
MB' 

F" 
FB" 

N* 
NB- 


10-Lead  Flatpack 

10-Lead  I 
Bottom- 


I  Flatpack, 
-Brazed 


14-Lead  Flatpack 

14-Lead  I 
Bottom- 

16-Lead 


Flatpack, 
-Brazed 


I  Flatpack 

16-Lead  Flatpack, 
Bottom-Brazed 

24-Lead  Flatpack 

24-Lead  I 
Bottom-! 


I  Flatpack, 
-Brazed 


F4-1 
F4-2 


F1-1 
F1-2 


F5-1 
F5-2 


F8-1 
F8-2 


16-22 
16-22 

16-22 
16-22 

16-23 
16-23 

16-23 
16-23 


Package  Dimensions  —  Leadless  Chip  Carriers 

RC               20-Position  C-2  16-24 
Chip  Carrier 

TC               28-Position  C-4  16-25 
Chip  Carrier 

Package  Dimensions  —  Plastic  Leaded  Chip  Carriers 

PC              20-Lead  Plastic  —  16-26 
Leaded  Chip  Carrier 

PC              28-Lead  Plastic  —  16-27 
Leaded  Chip  Carrier 

Package  Dimensions  —  Small  Outline  ICs 

S                8-Lead  —  16-28 
Narrow-Body  SO 

S                14-Lead  —  16-28 
Narrow-Body  SO 

S                16-Lead  —  16-29 
Narrow-Body  SO 

S                16-Lead  —  16-30 
Wide-Body  SO 

S                 18-Lead  —  16-31 
Wide-Body  SO 

S               20-Lead  —  16-32 
Wide-Body  SO 

S                24-Lead  —  16-33 
Wide-Body  SO 

S                 28-Lead  —  16-34 
Wide-Body  SO 


"Special  Order  Only. 
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PACKAGE 
INFORMATION 


Dimensioning  Symbols 

The  symbols  to  be  used  for  dimensioning  case  outlines  will 
be  as  listed  below.  To  designate  the  dimension  as  a  diameter, 
the  lower-case  Greek  letter  <t>  (phi)  will  be  added  in  (ront  of  the 
dimension  symbol. 

A  —  Body  dimensions. 
4b  —  Terminal  lead  diameters, 
b  —  Terminal  lead  widths, 
c  —  Terminal  lead  thicknesses. 
$D  —  Body  diameters. 
D  —  Body  lengths. 
E  —  Body  Widths, 
e  —  Terminal  lead  spacings. 
F  —  Flange  dimensions. 
H  —  Tip  to  tip  lead  span, 
h  —  Body  bevel  width, 
k  —  Index  dimensions,  length. 
L  —  Terminal  lead  lengths. 
Q  —  Standoff  height.  The  height  from  the  seating 
plane  or  a  reference  plane  parallel  to  the 
seating  plane. 
R  —  Radius  dimensions. 
S  —  Distance  between  terminal  leads  and  the 

body  end. 
a  —  Angular  dimensions. 

Standard  lead  finish  is  matte  tin/lead.  Other  lead  finishes  per 
MIL-M-38510  are  available  on  special  orders.  Standard  883 
product  meets  lead  finish  requirements  per  MIL-M-38510. 
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INFORMATION 


Precision  MonoHthics  inc. 


PACKAGE  DIMENSIONS  —  METAL  CANS 


6-Lead  TO-78  Metal  Can  (H-Sufflx) 


-Reference  Plane 
-Base  &  Seating  Plane 

-L- 


8-Lead  TO-99  Metal  Can  (J-Sufflx) 


(j>0  <))D1 


-A- 
O- 


-tL2-H 


Reference  Plane 
* — Base  a  Seating  Plane 
-L- 


10-Lead  TO-100  Metal  Can  (K-Suffix) 


'Reference  Plane 
•—Base  &  Seating  Plane 
-L- 


6  &  8-Lead  Can  Dimensions 


INCHES 


MILLIMETERS 


SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.165 

0.1 86 

4.19 

4.70 

- 

4b 

0.016 

0.019 

0.41 

0.48 

1 

4b, 

0.016 

0.021 

0.41 

0.53 

1 

4D 

0.335 

0.370 

8.51 

9.40 

4D, 

0.305 

0.335 

7.75 

8.51 

4D2 

0.110 

0.160 

2.79 

4.06 

e 

0.200  BSC 

5.08 

BSC 

3 

81 

0.100  BSC 

2.54  BSC 

3 

0.040 

1.02 

0.027 

0.034 

0.69 

0.86 

0.027 

0.045 

0.69 

1.14 

2 

0.500 

0.750 

12.70 

19.05 

1 

O.OSO 

1.27 

1 

0.250 

6.35 

1 

0 

0.010 

0.045 

0.25 

1.14 

a 

45* 

BSC 

45" 

BSC 

3 

10-Lead  Can  Dimensions 

INCHES 

MILLIMETERS 

SYMBOL 

KIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.165 

0.1S5 

4.19 

4.70 

4b 

0.016 

0.019 

.  0.41 

0.48 

1 

4b, 

0.016 

0.021 

0.41 

0.53 

1 

4D 

0.33S 

0.370 

6.51 

9.40 

40, 

0.305 

0.335 

7.75 

8.51 

4D2 

0.110 

0.160 

2.79 

4.06 

e 

0.230  BSC 

5.64  BSC 

3 

e, 

0.115  BSC 

2.92  BSC 

3 

F 

0.040 

1.02 

k 

0.027 

0.034 

0.69 

0.66 

«, 

0.027 

0.045 

0.69 

1.14 

2 

L 

0.500 

0.750 

12.70 

19.05 

1 

L, 

0.050 

1.27 

1 

L2 

0.250 

6.35 

1 

0 

0.010 

0.045 

0.25 

1.14 

Or 

36* 

BSC 

38* 

BSC 

3 

NOTES: 

1.  (All  leads)  tfb  applies  between  L,  and  Lj.  4b,  applies  between  Lj 
and  0.500  (12.70  mm)  from  the  reference  plane.  Diameter  Is 
uncontrolled  In  L,  and  beyond  0.500  (12.70  mm)  from  the 
reference  plane. 

2.  Measured  from  the  maximum  diameter  of  the  product. 

3.  Leads  having  a  maximum  diameterO.019  (0.46  mm)  measured  In 
gaging  plane  0.054  (1.37  mm)  +  0.001  (0.03  mm)  -  0.000 
(0.00  mm)  below  the  base  plane  of  the  product  is  within  0.007 
(0.16  mm)  of  thoir  true  position  relative  toa  maximum  width  tab. 
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Precision  iYlonolithicS  Inc. 


PACKAGE 
INFORMATION 


PACKAGE  DIMENSIONS  —  CERAMIC  DIPS 


8-Lead  Ceramic  Dip 
(Z-Suffix) 


See 
Notel 


1""^  n  n  r*i 


I— S 


-D  ■ 


1 


-Ev 


Plane 


~bi   "Wotrsea  -T 
Note  7 


INCHES 


MILLIMETERS 


SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTE8 

8YMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.200 

5.08 

A 

0.200 

5.08 

b 

0.014 

0.023 

0.36 

0.58 

b 

0.014 

0.023 

0.36 

0.58 

bi 

0.030 

0.070 

0.76 

1.78 

2 

bi 

0.030 

0.070 

0.76 

1.78 

2 

c 

0.008 

0.015 

0.20 

0.38 

c 

0.008 

0.015 

0.20 

0.38 

D 

0.405 

1029 

4 

D 

0.785 

19.94 

4 

E 

0.220 

0.310 

5.69 

7.87 

4 

E 

0.220 

0.310 

5.69 

7.87 

4 

E| 

0.290 

0.320 

7.37 

6.13 

7 

E| 

0.290 

0.320 

7.37 

8.13 

7 

e 

0.100  BSC 

2.54  BSC 

5 

e 

0.100  BSC 

2.54  BSC 

5 

L 

0.12S 

0200 

3.18 

6.08 

L 

0.125 

0.200 

3.18 

5.08 

M 

0.150 

3.81 

Li 

0.150 

3.61 

0 

0.015 

0.060 

0.38 

1.52 

3 

O 

0.015 

0.060 

0.38 

1.52 

3 

S 

0.055 

1.35 

6 

S 

0.088 

2.49 

6 

s, 

0.005 

0.13 

6 

Si 

0.005 

0.13 

6 

a 

0' 

16* 

0* 

15* 

a 

0" 

15" 

0' 

15° 

NOTES: 

1 .  Index  area;  a  notch  or  a  lead  one  Identification  mark  la  located 
adjacent  to  lead  one  and  Is  within  the  shaded  area  shown. 

2.  The  minimum  limit  lor  dimension  b,  may  be  0.023  (0.58  mm)  for 
all  four  comer  leads  only. 

3.  Dimension  Q  shall  be  measured  from  the  seating  plane  to  the 
base  plane. 


14-Lead  Ceramic  Dip 
(Y-Suffix) 


-i 

n  n  n  n  n  n  m 


See 
Notel 


1—8 


la 


'  U|  U  U  U  U  U  U 


T 


b-IM  '  t*~— I  k-bi    Seatlng~S*|nrs9e  -4*"" 
Plane  Note  7 


-Ei- 


INCHES 


MILLIMETERS 


4.  This  dimension  allows  for  off-center  lid,  meniscus  and  glass 
overrun. 

5.  The  basic  lead  spacing  Is  0.100  (2.54  mm)  between  centerllnes. 

6.  Applies  to  all  four  comers. 

7.  Leadcenterwhena  Is0°.  Et  shall  be  measured  at  the  centerllne 


of  the  leads. 
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PACKAGE 
INFORMATION 


PACKAGE  DIMENSIONS  —  CERAMIC  DIPS 


16-Lead  Ceramic  Dip 
(Q-Suffix) 


s«  fi> 

Notel^J" 


To 


|— Si 


"  n  r-i  n  1-1  1-1  n 


u  u  u  u  u  u 

 D  ' 


5 


tdflfflfflmp 

bi  SenSm 


a. 


i-e-i 


SeaSng^k 
Plane 


NOTES: 

1.  Index  area;  a  notch  or  a  lead  one  identification  mark  Is  located 
adjacent  to  lead  one  and  is  within  the  shaded  area  shown. 

2.  Theminlmumllmitfordlmensionbimayl9e0.023(038mm)tor 
all  four  comer  leads  only. 

3.  Dimension  O  shall  be  measured  from  the  seating  plane  to  the 
base  plane. 


18-Lead  Ceramic  Dip 
(X-Sufflx) 


NoteO 


nnnnnnnni 


"U|U  U  U  U  U  U  U  U 
D 


— bi  SMHng""""*/afcr'S4e 

Kane  Note7 


INCHES 

MILLIMETERS 

INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.200 

5.08 

A 

0.200 

5.08 

b 

0.014 

0.023 

0.36 

0.58 

b 

0.014 

0X123 

0.36 

038 

b, 

0.030 

0.070 

0.76 

1.78 

2 

bi 

0.030 

0X170 

0.76 

1.78 

2 

c 

0.008 

0.01S 

0.20 

0.38 

c 

0.008 

0.015 

0.20 

0.38 

D 

0.840 

21.34 

4 

D 

0.960 

24.38 

4 

£ 

0.220 

0.310 

5.S9 

7.B7 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

El 

0.290 

0.320 

7.37 

8.13 

7 

6i 

0.290 

0.320 

7.37 

8.13 

7 

e 

0.100  BSC 

2.54  BSC 

5 

e 

0.100  BSC 

234  BSC 

5 

L 

0.12S 

0.200 

3.18 

5.08 

L 

0.125 

0.200 

3.18 

5.08 

Li 

0.160 

3.81 

Li 

0.150 

3.81 

Q 

0.015 

0.060 

0.38 

132 

a 

O 

0.015 

0X160 

038 

132 

3 

S 

0.060 

2.03 

6 

s 

0.098 

2.49 

6 

s, 

0.005 

0.13 

6 

s, 

0.005 

0.13 

6 

Or 

0* 

15' 

0' 

15* 

a 

0* 

15* 

Of 

15° 

4.  This  dimension  allows  tor  off-center  lid,  meniscus  and  glass 
overrun. 

5.  The  basic  lead  spacing  is  0.100  (234  mm)  between  centerilnes. 

6.  Applies  to  all  tour  comers. 

7.  Lead  center  when  a  Is  0°.  E,  shall  be  measured  at  the  centertlne 
of  the  leads. 
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Precision  Alnnol it h  ics  Inc. 


PACKAGE  DIMENSIONS  —  CERAMIC  DIPS 


20-Lead  Ceramic  Dip 
(R-Sufflx) 


8m  S 
Nolo1^» 


To 


[—Si 


Pffl-I  UUUUUUULJ 


h — E — i 


— bi  Seating       ^Tseo  — 


Plane 


-E1- 


Nots7 


INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.200 

5.08 

b 

0.014 

0.023 

0.36 

0.53 

bi 

0.030 

0.070 

0.76 

1.78 

2 

e 

0.008 

0.015 

0.20 

0.38 

D 

1.060 

26.92 

4 

E 

0.220 

0.310 

S.S9 

7.87 

4 

Ei 

0.290 

0.320 

7.37 

8.13 

7 

e 

0.100  BSC 

2.54  BSC 

5 

L 

0.12S 

0.200 

3.18 

5.08 

Li 

0.1S0 

3.81 

Q 

0.015 

0.060 

0.38 

1.52 

3 

S 

0.060 

2.03 

6 

Si 

0.005 

0.13 

6 

a 

15* 

0* 

15« 

NOTES: 

1.  Index  area;  a  notch  or  a  lead  one  Identification  mark  Is  located 
adjacent  to  lead  one  and  Is  within  the  shaded  area  shown. 

2.  Tho  minimum  limit  lor  dimension  b,  may  bs  0.023  (0.58  mm  (for 
all  four  corner  leads  only. 

3.  Dimension  O  shall  be  measured  from  the  seating  plane  to  the 
base  plane. 

4.  This  dimension  allows  for  off-center  lid,  meniscus  and  glass 
overrun. 

5.  The  basic  lead  spacing  isO.100  (2.54  mm)  between  centertlnes. 

6.  Applies  to  all  four  corners. 

7.  Lead  center  whena  Is 0*.  Ej  shell  be  measured  at  the  centerline 
of  the  leads. 
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Precision  Monolithics  Inc. 


PACKAGE  DIMENSIONS  —  EPOXY  DIPS 


24-Lead 
Narrow-Body  Ceramic  Dip 
(W-Suffix) 


1  n  r-i  n 

nnnnnnnnn 

13 

See 
Note1~\ 

12 

uiu  u 

UUUULIUUULJ 

t  Q 

— bi  Seating^—/ 
Plane 


INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.200 

5.08 

b 

0.014 

0.023 

0.36 

0.58 

0.030 

0.070 

0.76 

1.78 

2 

c 

0.008 

0.015 

0.20 

0.38 

D 

1.280 

32.51 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

E, 

0.290 

0.320 

7.37 

8.13 

7 

e 

0.100  BSC 

2.54  BSC 

5 

L 

0.125 

0.200 

3.18 

5.08 

L, 

0.1S0 

3.81 

0 

0.015 

0.060 

0.38 

1.52 

3 

S 

0.098 

2.49 

6 

Si 

0.005 

0.13 

6 

a 

0" 

15' 

0° 

15" 

NOTES: 

1.  Index  area;  a  notch  or  a  pin  one  identification  mark  shall  be 
located  adjacent  to  pin  one  and  shall  be  located  within  the 
shaded  area  shown.  The  manufacturer's  identification  shall  not 
be  used  as  a  pin  one  identification  mark. 

2.  The  minimum  limit  lor  dimensions  b,  may  be  0.023  (0.58  mm)  for 
leads  number  1, 12, 13  and  24  only. 

3.  Dimensions  Q  shall  be  measured  from  the  seating  plane  to  the 
base  plane. 

4.  This  dimension  allows  for  off-center  ltd.  meniscus  and  glass 
overrun. 

5.  The  basic  pin  spacing  is  0.100  (2.54  mm)  between  centerlines. 
Each  pin  centerline  shall  be  located  within  ±0.010  (0.25  mm)  of 
its  exact  longitudinal  position  relative  to  pins  1  and  24. 

6.  Applies  to  all  four  corners  (leads  number  1, 12, 13  and  24).  and 
40.5  shall  apply. 

7.  Lead  center  when  a  is  0°,.  E1  shall  be  measured  at  the  centerline 
of  the  leads. 
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Precision  Monolithic^  Inc. 


PACKAGE  DIMENSIONS  —  CERAMIC  DIPS 


24-Lead  Ceramic  Dip 
(V-Suffix) 


nr~innnrnnr-in 


UUUUULJULJU 


INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.225 

5.72 

b 

0.014 

0.023 

0.36 

0.58 

b| 

0.030 

0.070 

0.76 

1.7B 

2 

c 

0.008 

0.015 

0.20 

0.38 

D 

1.290 

32.77 

4 

E 

0.500 

0.610 

12.70 

15.49 

4 

E, 

0.590 

0.620 

14.99 

15.75 

7 

e 

0.100  BSC 

2.54  BSC 

5 

L 

0.120 

0.200 

3.05 

5.08 

t-T 

0.150 

3.B1 

Q 

0.015 

0.075 

0.38 

1.91 

3 

S 

0.096 

2.49 

6 

s, 

0.005 

0.13 

6 

o 

0° 

15° 

0° 

15° 

Index  area;  a  notch  or  a  lead  one  identification  mark  is  located 
adjacent  to  lead  one  and  Is  within  the  shaded  area  shown. 
The  minimum  limit  for  dimension  bi  maybe  0.023  (0.58  mm)  for 
all  four  corner  leads  only. 

Dimension  Q  shall  be  measured  from  the  seating  plane  to  the 
base  plane. 

This  dimension  allows  lor  off-center  lid.  meniscus  and  glass 
overrun. 

The  basic  lead  spacing  is  0.100  (2.54  mm)  between  centerlines. 
Applies  to  all  four  corners. 

Lead  center  when  a  is0°.  E1  shall  be  measured  at  thecenterline 
of  the  leads. 
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PACKAGE 
INFORMATION 


Precision  Monolithic**  Inc. 


PACKAGE  DIMENSIONS  —  CERAMIC  DIPS 


28-Lead  Ceramic  Dip 
(T-Suffix) 


onnnonnnnmnrnnn 


Not*  1  x 


"FT 
1± 


U|LJ  uuuu 


U  U  LJ  LJ  LJ  U  LJ  U 


—01  SMltnB 
Plan  6 


Not*  7 


-4-« 


INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.225 

5.72 

b 

0.014 

0.023 

0.36 

0.S8 

bi 

0.030 

0.070 

0.76 

1.76 

2 

c 

0.008 

0.015 

0.20 

0.38 

D 

1.490 

37.85 

4 

E 

0.500 

0.610 

12.70 

15.49 

4 

E, 

0.590 

0.620 

14.99 

15.75 

7 

6 

0.100  BSC 

2.54  BSC 

5 

L 

0.120 

0.200 

3.05 

5.08 

Li 

0.150 

3.81 

Q 

0.015 

0.075 

0.38 

1.91 

3 

S 

0.09S 

2.49 

6 

s, 

0.005 

0.13 

6 

or 

0' 

15* 

0' 

15° 

NOTES: 
1 


Index  area,  a  notch  or  a  pin  one  identification  mark  shall  be 
located  adjacent  to  pin  one  and  shall  be  located  within  the 
shaded  area  shown.  The  manufacturer's  identification  shall  not 
be  used  as  a  pin  one  identification  mark. 
The  minimum  limit  for  dimension  b1  may  be  0.023  (0.58  mm)  for 
leads  number  1,  12. 13  and  24  only. 

Dimension  Q  shall  be  measured  from  the  seating  plane  to  the 
base  plane. 

This  dimension  allows  for  oft-center  lid.  meniscus  and  glass 
overrun. 

The  basic  pin  spacing  is  0.100  (2.54  mm)  between  centerlines. 
Each  pin  centerline  shall  be  located  within  ±0.010  (0.25  mm)  of 
its  exact  longitudinal  position  relative  to  pins  1  and  24. 
Applies  to  all  four  corners  (leads  number  1, 12. 13  and  24),  and 
40.5  shall  apply. 

Lead  center  when  a  is  0°.  E.  shall  be  measured  at  the  centerline 
of  the  leads. 
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PACKAGE 
INFORMATION 


Precision  Monolithics  Inc. 


PACKAGE  DIMENSIONS  —  SIDE-BRAZED  DIPS 


14-Lead  Side-Brazed  Dip 
(YB-Sufflx) 


Q 

■  D  ■ 

L  t 
--I 

=1 

•—8 

fin 
U,  i 

-E  — 


^El  — 


NOTES: 

1 .  Index  area;  a  notch  or  a  lead  one  Identification  mark  is  located 
adjacent  to  lead  one  and  Is  within  the  shaded  area  shown. 

2.  The  minimum  limit  for  dimension  b,  maybe  0.023  (0.58  mm)  lor 
all  four  corner  leads  only. 

3.  Dimension  Q  shall  be  measured  from  the  seating  plane  to  the 
base  plane. 


16-Lead  Side-Brazed  Dip 
(QB-Suffix) 


in 


t— s 


Me 

h 

> 

a 

•  D  

b— 


T 


INCHES 

MILLIMETERS 

INCHES 

MILLIMETERS 

SYMBOL 

KIN 

MAX 

MIN 

MAX 

NOTES 

8YMBOL 

MIN 

MAX 

MIN 

MAX 

NOTE8 

A 

0.200 

5.08 

A 

0200 

5.08 

b 

0.014 

0.023 

0.36 

0.58 

b 

0.014 

0.023 

0.36 

0.58 

bi 

0.030 

0.070 

0.76 

1.78 

2 

bi 

0.030 

0.070 

0.76 

1.78 

2 

c 

0.008 

0.015 

020 

0.38 

c 

0.008 

0.015 

020 

0.38 

D 

0.785 

19.94 

4 

O 

0.840 

21.34 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

E, 

0.200 

0.320 

7.37 

8.13 

7 

El 

0290 

0.320 

7.37 

8.13 

7 

e 

0.100  BSC 

254  BSC 

5 

e 

0.100  BSC 

2.54  BSC 

5 

L 

0.126 

0200 

3.18 

5.08 

L 

0.125 

0.200 

3.18 

5.08 

L, 

0.150 

3.81 

1-1 

0.150 

3.81 

0 

0.015 

0.060 

0.38 

1.52 

3 

O 

0.015 

0.060 

0.38 

1.52 

3 

s 

0.098 

2.49 

6 

S 

0.080 

2.03 

6 

0.005 

0.13 

6 

s, 

0.005 

0.13 

6 

01 

0* 

15* 

0* 

15» 

a 

0° 

15' 

0' 

«• 

4.  This  dimension  allows  for  off-center  lid,  meniscus  and  glass 
overrun. 

5.  The  basic  lead  spacing  is  0.100  (2.54  mm)  between  centerlines. 

6.  Applies  to  ail  four  comers. 

7.  LeadcenterwhenaisO/'.E] shall bemeasuredatthecenterllne 
of  the  leads. 
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PACKAGE 
INFORMATION 


Precision  jMonolithics  Inc. 


PACKAGE  DIMENSIONS  —  SIDE-BRAZED  DIPS 


18-Lead  Side-Brazed  Dip 
(XB-Sufllx) 


Plans 


NOTES: 

1 .  Index  area;  a  notch  or  a  lead  one  identification  mark  la  located 
adjacent  to  lead  one  and  la  within  the  ahaded  area  shown. 

2.  Thominlmvmllmltfordlmenslonbi  may  beO.023  (0.58mm)  for 
all  four  comer  leada  only. 

3.  Dimension  Q  shall  be  measured  from  the  seating  plane  to  the 
base  plane. 


20-Lead  Side-Brazed  Dip 
(RB-Suffix) 


-I 


— s 


-4 — I 


K.  Seating 
f~-bl  Plane 


■zi 


-E1- 


INCHES 

MILLIMETERS 

INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.200 

5.08 

A 

0.200 

5.08 

b 

0.014 

0.023 

0.36 

0.58 

b 

0.014 

0.023 

0.36 

0.58 

b, 

0.030 

0.070 

0.78 

1.78 

2 

">i 

0.030 

0.070 

0.76 

1.78 

2 

c 

0.008 

0.015 

0.20 

0.38 

c 

0.008 

0.015 

0.20 

0.38 

D 

0.960 

24.38 

4 

D 

1.060 

26.92 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

Ei 

0.290 

0.320 

7.37 

8.13 

7 

Ei 

0.290 

0.320 

7.37 

8.13 

7 

e 

0.100  BSC 

2.54  BSC 

S 

e 

0.100  BSC 

2.54  BSC 

5 

L 

0.12S 

0.200 

3.18 

5.08 

L 

0.125 

0.200 

3.18 

5.03 

Li 

0.150 

3.81 

Li 

0.150 

3.81 

Q 

0.015 

0.060 

0.38 

1.52 

3 

Q 

0.015 

0.060 

0.38 

1.52 

3 

S 

0.098 

2.49 

8 

S 

0.080 

2.03 

8 

s, 

0.005 

0.13 

e 

s. 

0.005 

0.13 

8 

a 

0» 

15' 

0' 

15« 

a 

0* 

15' 

0° 

15» 

4.  This  dimension  allows  for  off-center  lid,  meniscus  and  glass 
overrun. 

5.  The  basic  lead  spacing  Is  0.100  (2.54  mm)  between  centerilnes. 
8.  Applies  to  all  four  corners. 

7.  Lead  center  when  a  lsO*.E1shallbemeasuredBtthecentertlne 
of  the  leads. 
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INFORMATION 


Precision  Monolithics  Inc. 


PACKAGE  DIMENSIONS  —  SIDE-BRAZED  DIPS 


24-Lead  Side-Brazed  Dip 
(VB-Suffix) 

-  s 


 Si 

-1 

\ 

13 

See 
Note  1  \. 

)  I 

12 

0 

- 

— II— b    -A  I— 


Ei- 


INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.225 

5.72 

b 

0.014 

0.023 

036 

0.58 

»i 

0.030 

0.070 

0.76 

1.78 

2 

c 

0.008 

0.015 

0.20 

0.38 

D 

1.290 

32.77 

4 

E 

0.500 

0.610 

12.70 

15.49 

4 

E, 

0.590 

0.620 

14.99 

15.75 

7 

e 

0.100  BSC 

2.54  BSC 

5 

L 

0.120 

0.200 

3.05 

5.08 

Li 

0.150 

3.81 

0 

0.015 

0.075 

0.38 

1.91 

3 

s 

0.098 

2.49 

6 

Si 

0.005 

0.13 

6 

a 

0° 

15° 

0° 

15" 

Sealing 
*J  Plane 


NOTES: 

1 .  Index  area;  a  notch  or  a  lead  one  identification  mark  is  located 
adjacent  to  lead  one  and  is  within  the  shaded  area  shown. 

2.  The  minimum  limit  tor  dimension  bi  may  be  0.023  (0.58  mm  I  for 
all  four  corner  leads  only. 

3.  Dimension  Q  shall  be  measured  from  the  seating  plane  to  the 
base  plane. 

4.  This  dimension  allows  for  ofl-center  lid,  meniscus  and  glass 
overrun. 

5.  The  basic  lead  spacing  is  0.100  (2.54  mm)  between  centerlines. 

6.  Applies  to  all  four  corners. 

7.  Lead  center  when  a  is0°.  E}  shall  be  measured  at  the  centerline 
of  the  leads. 
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PACKAGE 
INFORMATION 


Precision  Monolithics  Inc. 


PACKAGE  DIMENSIONS  —  SIDE-BRAZED  DIPS 


28-Lead  Side-Brazed  Dip 
(TB-Sufflx) 


|—8i 

15 

|  ; 

14 

-E1- 


INCHES  MILLIMETERS 


SYMBOL 

M1N 

MAX 

MIN 

MAX 

NOTES 

A 

0.225 

5.72 

b 

0.014 

0.023 

0.36 

0.S8 

b| 

0.030 

0.070 

0.76 

1.78 

2 

c 

0.008 

0.015 

0.20 

0.38 

0 

1.490 

37.85 

4 

E 

0.5O0 

0.610 

12.70 

15.49 

4 

Ei 

0.590 

0.620 

14.99 

15.75 

7 

e 

0.100  BSC 

2.54  BSC 

5 

L 

0.120 

0.200 

3.05 

5.08 

Li 

0.150 

3.81 

Q 

0.015 

0.075 

0.38 

1.91 

3 

S 

0.098 

2.49 

6 

Si 

0.005 

0.13 

6 

a 

Of 

15° 

V 

15° 

NOTES: 

1 .  Index  area;  a  notch  is  or  a  lead  one  Identification  mark  is  located 
adjacent  to  lead  one  and  is  within  the  shaded  area  shown. 

2.  The  minimum  limit  for  dimension  b,  may  be  0.023  (0.58  mm)  for 
all  four  corner  leads  only. 

3.  Dimension  Q  shall  be  measured  from  the  seating  plane  to  the 
base  plane. 

4.  This  dimension  allows  for  off-center  lid,  meniscus  and  glass 
overrun. 

5.  The  basic  lead  spacing  Is  0.100  (2.54  mm)  between  centerlines. 

6.  Applies  to  all  four  comers. 

7.  Lead  center  when  or  IsO*.  E,  shall  be  measured  atthecenterllne 
of  the  leads. 
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PACKAGE 
INFORMATION 


i  Monolith  ics  Inc. 


PACKAGE  DIMENSIONS  —  EPOXY  DIPS 


8-Lead  Epoxy  Dip 
(P-Suffix) 


o.  n  n  n 


u  u  u  u 


■  D  -j 

A  [ 

b- 

WW 

— bi 

NOTES: 

1.  Minor  changes  in  dimensions  may  occur  without  advance 
notice. 

2.  Dimension  "Ei"  to  center  ol  leads  when  formed  parallel. 

3.  D  and  E  dimensions  do  not  include  mold  flash  or  protrusions. 


14-Lead  Epoxy  Dip 
(P-Sufflx) 


n  n  n  i-i  n  n  rr 


U  U  U  U  U  U  U 


 D  

Q 

ft 

L 

b  — 

i — 1. 1— i 

I  'V 

— bi 

INCHES 

MILLIMETERS 

INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.210 

5.33 

A 

0.210 

5.33 

b 

0.014 

0.022 

0.356 

0.558 

b 

0.014 

0.22 

0.356 

0.558 

bi 

0.04S 

0.070 

1.15 

1.77 

bi 

0.045 

0.070 

1.15 

1.77 

c 

0.006 

0.015 

0.203 

0.381 

c 

0.008 

0.015 

0.203 

0.381 

D 

0.348 

0.430 

8.84 

10.92 

3 

D 

0.725 

0.795 

18.41 

20.19 

3 

E 

0.240 

0.260 

6.10 

7.11 

3 

E 

0.240 

0.280 

6.10 

7.11 

3 

El 

0.300 

0.325 

7.62 

8.25 

2 

E, 

0.300 

0.325 

7.62 

8.25 

2 

e 

0.100  BSC 

2.54  BSC 

e 

0.100  BSC 

2.54  BSC 

L 

0.115 

0.160 

2.92 

4.06 

L 

0.115 

0.160 

2.92 

4.06 

Li 

0.130 

3.30 

Li 

0.130 

3.30 

0 

0.015  TYP 

0.381  TYP 

O 

0.015 

0.381 

a 

0° 

15° 

0° 

15° 

a 

0° 

15° 

0* 

15° 

NOTES: 

1.  Minor  changes  in  dimensions  may  occur  without  advance 
notice. 

2.  Dimension  "Ei"  to  center  of  leads  when  formed  parallel. 

3.  D  and  E  dimensions  do  not  include  mold  flash  or  protrusions. 
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PACKAGE 
INFORMATION 


Precision  Alonolithics  Inc. 


PACKAGE  DIMENSIONS  —  EPOXY  DIPS 


16-Lead  Epoxy  Dip 
(P-Suffix) 


ni-inr-ii-ii-inn 
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 D  ' 

o 

— i 

»1 

NOTES: 

1.  Minor  changes  in  dimensions  may  occur  without  advance 
notice. 

2.  Dimension  "Ei"  to  center  of  leads  when  formed  parallel. 

3.  D  and  E  dimensions  do  not  include  mold  flash  or  protrusion. 


18-Lead  Epoxy  Dip 
(P-Suffix) 


.nnnnr-ir-ir-ii-in 


INCHES' 

MILLIMETERS 

INCHES 

MILLIMETERS 

SYMBOL 

MIN 

Max 

MIN 

MAX 

NOTES 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.210 

5.33 

A 

0.210 

5.33 

b 

0.014 

0.022 

0.3S6 

0.558 

b 

0.014 

0.022 

0.356 

0.558 

"i 

0.045 

0.070 

1.15 

1.77 

>>i 

0.045 

0.070 

1.15 

1.77 

c 

0.008 

0.015 

0.20 

0.38 

c 

0.00B 

0.015 

0.20 

0.38 

0 

0.745 

0.840 

18.92 

21.33 

3 

0 

0.845 

0.925 

21.46 

23.49 

3 

E 

0.240 

0.2B0 

6.10 

7.11 

3 

6 

0.240 

0.280 

6.10 

7.11 

3 

El 

0.300 

0.325 

7.62 

8.25 

2 

E, 

0.300 

0.325 

7.62 

8.2S 

2 

e 

0.100  BSC 

2.54  BSC 

e 

0.100  BSC 

2.54  BSC 

L 

0.115 

0.160 

2.92 

4.06 

L 

0.115 

0.180 

2.92 

4.06 

L| 

0.130 

3.30 

Li 

0.130 

3.30 

O 

0.015 

0.38 

O 

0.01S 

0  38 

a 

0° 

15° 

o- 

15° 

a 

0° 

15° 

0° 

15' 

NOTES: 

1.  Minor  changes  in  dimensions  may  occur  without  advance 
notice. 

2.  Dimension  "£{'  to  center  of  leads  when  formed  parallel. 

3.  D  and  E  dimensions  do  not  include  mold  flash  or  protrusion. 
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PACKAGE 
INFORMATION 


Precision  Momilithics  Inc. 


PACKAGE  DIMENSIONS  —  EPOXY  DIPS 


20-Lead  Epoxy  Dip 
(P-Sufflx) 


i-lni-ir-ii-ii-ii-ir-ii-i 


INCHES 


MILLIMETERS 


SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.210 

5.33 

b 

0.014 

0.022 

0.356 

0.558 

1>1 

0.045 

0.070 

1.15 

1.77 

c 

0.008 

0.015 

0.203 

0.381 

□ 

0.925 

1.060 

23.49 

26.92 

3 

E 

0.240 

0.280 

6.10 

7.11 

3 

E, 

0.300 

0.325 

7.62 

8.25 

2 

e 

0.100  BSC 

2.54  BSC 

L 

0.115 

0.160 

2.92 

4.06 

L, 

0.130 

3.30 

a 

0.015 

0.38 

1.52 

a 

0' 

15° 

0° 

15° 

NOTES: 

1.  Minor  changes  in  dimensions  may  occur  without  advance 
notice. 

2.  Dimension  "E*,"  lo  center  of  leads  when  formed  parallel. 

3.  D  and  E  dimensions  do  not  include  mold  ftash  or  protrusion. 
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INFORMATION 


Precision  Monol ith its  Inc. 


PACKAGE  DIMENSIONS  —  EPOXY  DIPS 


24-Lead 
Narrow-Body  Epoxy  Dip 
(P-Suffix) 


nnni-ii-inmnnnr-in 
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INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.210 

5.33 

b 

0.014 

0.022 

0.356 

0.558 

bi 

0.045 

0.070 

1.15 

1.77 

c 

0.008 

0.015 

0.203 

0.381 

D 

1.125 

1.275 

28.6 

32.3 

3 

E 

0.240 

0.280 

6.10 

7.11 

3 

E, 

0.300 

0.325 

7.62 

8.25 

2 

e 

O.tOO  BSC 

2.54  BSC 

L 

0.115 

0.160 

2.92 

4.06 

M 

0.130 

3.30 

Q 

0.015 

0.38 

a  0"  15°  0°  15° 


NOTES: 

1.  Minor  changes  in  dimensions  may  occur  without  advance 
notice. 

2.  Dimension  "EV  to  center  ol  leads  when  formed  parallel. 

3.  0  and  E  dimensions  do  not  include  mold  flash  or  protrusions. 
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PACKAGE 
INFORMATION 


l'rctM.sitm  Mmiolithics  Inc. 


PACKAGE  DIMENSIONS  —  EPOXY  DIPS 


24-Lead  Epoxy  Dip 
(P-SuHix) 


rn.r3-m.ri  1-11-inni-ini-in 
24  13 


-Ei- 


INCHES 

MILLIMETERS 

SYMBOL 

MEN 

MAX 

MIN 

MAX 

NOTES 

A 

0.250 

6.35 

b 

0.014 

0.022 

0.36 

0.558 

bi 

0.030 

0.070 

0.78 

1.78 

c 

o.ooa 

0.015 

0.203 

0.381 

0 

1.150 

1.290 

29.3 

32.7 

3 

E 

0.4SS 

0.580 

12.32 

14.73 

3 

E, 

0.600 

0.625 

15.24 

15.87 

2 

e 

0.100  BSC 

2.54  BSC 

L 

0.115 

0.200 

2.93 

5.08 

Li 

0.130 

3.30 

O 

0.015 

0.38 

a 

0" 

15' 

0° 

15° 

NOTES: 

1.  Minor  changes  in  dimensions  may  occur  without  advance 
notice. 

2.  Dimension  "Ey  to  center  of  leads  when  formed  parallel. 

3.  D  and  E  dimensions  do  not  include  moid  flash  or  protrusion. 
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Precision  Monol ith ics  Inc. 


PACKAGE 
INFORMATION 


PACKAGE  DIMENSIONS  -  CERPACKS 


10-Lead  Cerpack 
(L-Sulfix) 


NOTES: 

1.  Index  area:  a  notch  or  a  lead  one  identification  mark  is  located 
adjacent  to  lead  one  and  shall  be  located  within  the  shaded  area 
shown.  Alternatively,  a  tab  (dim.  k)  may  be  used  to  identify  lead 
one.  This  tab  may  be  located  on  either  side  as  shown. 

2.  Dimension  O  shall  be  measured  at  the  point  of  exit  of  the  lead 
from  the  body. 

3.  This  dimension  allows  for  off-center  lid.  meniscus  and  glass 
overrun. 

4.  The  basic  lead  spacing  is  0.050  (1.27  mm)  between  centerlines. 


14-Lead  Cerpack 
(M-Suffix) 


See  k 
Notel  "V" fr 


-Lb 


TT 

A  O 


INCHES 

MILLIMETERS 

INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.030 

0.085 

0.76 

2.16 

A 

0.030 

0.085 

0.76 

2.16 

b 

0.010 

0.019 

0.2S 

0.48 

b 

0.010 

0.019 

0.25 

0.48 

c 

0.003 

0.006 

O.OS 

0.15 

c 

0.003 

0.006 

0.08 

0.15 

D 

0.290 

7.37 

3 

0 

0.280 

7.11 

3 

E 

0.240 

0.260 

6.10 

6.60 

E 

0.240 

0.260 

6.10 

6.60 

e 

0.050  BSC 

1.27  BSC 

4 

e 

0.050  BSC 

1.27  BSC 

4 

k 

0.008 

0.015 

0.20 

0.38 

8 

k 

0.008 

0.015 

0.20 

0.38 

8 

I 

0.250 

0.370 

6.35 

9.40 

L 

0.250 

0.370 

6.35 

9.40 

0 

0.010 

0.040 

0.25 

1.02 

2 

Q 

0.010 

0.040 

0.25 

1.02 

2 

S 

0.045 

1.14 

5 

s, 

0.005 

0.13 

5.6 

s, 

0.005 

0.13 

5,  6 

s2 

0.004 

0.10 

6.  Dimension  S,  (See 40.3)  may  be  0.000  (0.00  mm)  if  comer  leads 
bend  toward  the  cavity  of  the  package  within  one  lead's  width 
from  the  point  of  entry  of  the  lead  into  body. 

7.  Optional  configuration.  If  this  configuration  is  used,  no  org  ante 
or  polymeric  materials  are  molded  to  the  bottom  of  the  package 
to  cover  the  leads. 

8  Optional,  see  note  1.  If  a  lead  one  identification  mark  is  used  in 
addition  to  this  tab,  the  minimum  limit  of  dimension  k  does  not 
apply. 


5.  Applies  to  all  four  corners. 
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16-Lead  Cerpack 
(F-Suffix) 


(<  I      See  Nolo  1 


tl 

1— 

-E— |— 

-L  ■ 

tf 
AQ 

I— B- 

A  Q 

INCHES 

MILLIMETERS 

INCHES 

MILLIMETERS 

SYMBOL 

MtN 

MAX 

MIN 

MAX 

NOTES 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.045 

0.085 

1.14 

2.16 

-  A 

0.045 

0.090 

1.14 

2.29 

b 

0.015 

0.019 

0J8 

0.48 

b 

0.015 

0.019 

0.38 

0.48 

C 

0.003 

0.006 

0.08 

0.15 

c 

0.003 

0.006 

0.08 

0.15 

D 

0.440 

11.18 

3 

D 

0.430 

10.92 

3 

E 

0.249 

0.285 

8.22 

7.24 

E 

0.245 

0.285 

6.22 

7.24 

e 

0.050  BSC 

1.27  BSC 

4 

e 

0.050  BSC 

1.27  BSC 

4 

k 

0.008 

0.015 

0.20 

0.38 

8 

k 

0.008 

0.015 

0.20 

0.3S 

8 

L 

0.250 

0.370 

6.35 

9.40 

L 

0.250 

0.370 

6.35 

9.40 

0 

0.010 

0.040 

0.23 

1.02 

2 

O 

0.010 

0.040 

0.25 

1.02 

2 

S 

0.045 

1.14 

5 

s 

0.005 

0.13 

5,6 

s, 

0.005 

0.13 

5.6 

s2 

0.004 

0.10 

NOTES: 

1.  Index  area;  a  notch  or  a  lead  one  identification  mark  is  located 
adjacent  to  lead  one  and  is  located  within  the  shaded  area 
shown.  Alternatively,  a  tab  (dim.  k)  may  be  used  to  identify  lead 
one.  This  tab  may  be  located  on  either  side  as  shown. 

2.  Dimension  O  shall  be  measured  at  the  point  of  exit  of  the  lead 
from  the  body. 

3.  This  dimension  allows  for  off-center  lid.  meniscus  and  glass 
overrun. 

4.  The  basic  lead  spacing  Is  0.050  (1.27  mm)  between  centerllnes. 

5.  Applies  to  all  four  corners. 


24-Lead  Cerpack 
(N-Suffix) 


Soe  Note  1 


6.  Dimension  St,  (See  40.3)  may  be  0.000  (0.00  mm)  If  comer  leads 
bend  toward  the  cavity  of  the  package  within  one  lead's  width 
from  the  point  of  entry  of  the  lead  into  body. 

7.  Optional  configuration.  If  this  configuration  is  used,  no  organic 
or  polymeric  materials  are  molded  to  the  bottom  of  the  package 
to  cover  the  leads. 

8  Optional,  see  note  1.  If  a  lead  one  identification  mark  is  used  in 
addition  to  this  tab,  the  minimum  limit  of  dimension  k  does  not 
apply. 
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PACKAGE  DIMENSIONS  —  FLATPACKS 


10-Lead  Flalpack  (L-Sufflx) 


Bottom-Brazed  (LB-Suffix) 


-Ei- 
-E- 


AQ  Note  7 


El  Ej  Ej 


NOTES: 

1.  Index  area;  a  notch  ora  lead  one  Identification  mark  is  located 
adjacent  to  lead  one  and  shall  be  located  within  the  shaded  area 
shown.  Alternatively,  a  tab  (dim.  k)  may  be  used  to  identify  lead 
one.  This  tab  may  be  located  on  either  side  as  shown. 

2.  Dimension  O  shall  be  measured  at  the  point  of  exit  of  the  lead 
from  the  body. 

3.  This  dimension  allows  for  off-center  lid,  meniscus  and  glass 
overrun. 

4.  The  basic  lead  spacing  Is  0.050  (1.27  mm  I  between  centerllnes. 

5.  Applies  to  all  four  comers. 


14-Lead  Flatpack  (M-Suffix) 


Bottom-Brazed  (MB-Suffix) 


TT 

A  Q  Note  7 


a. 


E3  E2  E3 


INCHES 

MILUMETER8 

INCHES 

MILLIMETERS 

SYMBOL 

WIN 

MAX 

MIN 

MAX 

NOTES 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.030 

0.035 

0.76 

2.16 

A 

0.030 

0.085 

0.76 

2.16 

b 

0.010 

0.019 

025 

0.48 

b 

0.010 

0.019 

.  025 

0.48 

c 

0.003 

0.006 

0.03 

0.15 

c 

0.003 

0.006 

0.08 

0.15 

0 

0.290 

7.37 

3 

D 

0280 

7.11 

3 

E 

0.240 

0.260 

6.10 

6.60 

E 

0.240 

0.260 

6.10 

6.60 

E. 

0.260 

7.11 

3 

E. 

0280 

7.11 

3 

Ej 

0.12S 

3.18 

0.125 

3.18 

Es 

0.030 

0.76 

Es 

0.030 

0.76 

e 

0.050  BSC 

1.27  BSC 

4 

e 

0.050  B8C 

127  BSC 

4 

k 

0.008 

0.015 

0.20 

0.38 

8 

k 

0.008 

0.015 

020 

0.38 

8 

L 

0.250 

0.370 

6.35 

9.40 

L 

0250 

0.370 

8.35 

9.40 

Q 

0.010 

0.040 

0.25 

1.02 

2 

a 

0.010 

0.040 

025 

1.02 

2 

S 

0.045 

1.14 

5 

s, 

0.005 

0.13 

5.6 

s, 

0.005 

0.13 

S.6 

8j 

0.004 

0.10 

8.  Dimension  S,  (See  40  J)  may  be  0.000  (0.00  mm)  if  comer  leads 

bend  toward  the  cavity  of  the  package  within  one  lead's  width 

from  the  point  of  entry  of  the  lead  into  body. 
7.  Optional  configuration.  If  this  configuration  is  used,  no  organic 

or  polymeric  materials  are  molded  to  the  bottom  of  the  package 

to  cover  the  leads. 
8  Optional,  see  note  1 .  If  a  lead  one  Identification  mark  is  used  in 

addition  to  this  tab,  the  minimum  limit  of  dimension  k  does  not 

apply. 
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PACKAGE  DIMENSIONS  —  FLATPACKS 

16-Lead  Flatpack  (F-Suffix) 


I1  I       See  Note  1 


Bottom-Brazed  (FB-Suffix) 


l      f  n """  r 

A  Q  Note  7  E3   E2  E3 


MILLIMETERS 


—  11.18 


-  7.75 


0.130 


1.27  BSC 


0.370 


1.14 


NOTES: 
1 


Index  area;  a  notch  or  a  lead  one  identification  mark  Is  located 
adjacent  to  lead  one  and  Is  located  within  the  shaded  area 
shown.  Alternatively,  a  tab  (dim.  k)  may  be  used  to  identity  lead 
one.  This  tab  may  be  located  on  either  side  as  shown. 
Dimension  Q  shall  be  measured  at  the  point  of  exit  of  the  lead 
from  the  body. 

This  dimension  allows  for  off-center  lid,  meniscus  and  glass 
overrun. 

The  basic  lead  spacing  is  0.050  (1 .27  mm)  between  centerllnes. 
Applies  to  all  four  corners. 


24-Lead  Flatpack  (N-Suffix) 

■'  "  .  If  * 

-  i- 1 


Bottom-Brazed  (NB-Suffix) 


-  El 

I  , 

-  * 

,4. 

1 1 

AO  N 

E3  E2 

-I 

L  

See/ 
ole  7 

E3 

INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.045 

0.090 

1 

14 

2.29 

b 

0.015 

0.019 

0.38 

0.48 

c 

0.003 

0.006 

0.08 

0.15 

0 

0.430 

10.92 

3 

E 

0.245 

0.285 

6.22 

7.24 

El 

0.305 

7.75 

3 

E2 

0.125 

3.18 

E3 

0.030 

0.76 

e 

0.050  BSC 

1.27  BSC 

4 

k 

0.008 

0.015 

0.20 

0.38 

8 

L 

0.250 

0.370 

635 

9.40 

a 

0.010 

0.040 

0.25 

2 

s 

0.005 

0.13 

5.6 

s2 

0.004 

0.10 

Dimension  S,  (See  40.3 1  may  be  0.000  (0.00  mm)  if  corner  leads 
bend  toward  the  cavity  of  the  package  within  one  lead's  width 
from  the  point  of  entry  of  the  lead  Into  body. 
Optional  configuration.  If  this  configuration  Is  used,  no  organic 
or  polymeric  materials  are  molded  to  the  bottom  of  the  package 
to  cover  the  leads. 

Optional,  see  note  1 .  If  a  lead  one  identification  mark  Is  used  in 
addition  to  this  tab,  the  minimum  limit  of  dimension  k  does  not 
apply. 
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PACKAGE  DIMENSIONS  —  LEADLESS  CHIP  CARRIERS 


20-Posltion  Chip  Carrier 
(RC-Suffix) 


HTVP 


/-Plane  2 

\-  yy  P""91  ..X 


Bottom  View 


INCHES 

MILLIMETERS 

SYMBOL 

HIN  MAX 

MIN 

MAX 

NOTES 

A 

0.064  0.100 

1.63 

2.54 

5 

*1 

0.054  0.088 

1.37 

224 

Bi 

0.022  0.028 

0.56 

0.71 

2 

D 

0.342  0.358 

8.69 

9.09 

Di 

0.075  REF 

1.91  REF 

t>2 

0200  REF 

5.08  REF 

°S 

0.(00  REF 

2.54  REF 

D4 

—  0.3S8 

9.09 

3 

Ds 

0.150  BSC 

3.81  BSC 

E 

0.342  0.358 

8.69 

9.09 

El 

0.075  REF 

1.91  REF 

Ej 

0.200  REF 

5.08  REF 

E3 

0.100  REF 

1.91  REF 

E4 

-  0.358 

9.09 

3 

e 

0.050  BSC 

1.27  BSC 

81 

0.015           — .. 

0.38  . 

1 

Li 

0.045  0.055 

1.14 

1.40 

«-2 

0.077  0.093 

1.96 

2.36 

4 

R  - 

0.007  0.011 

0.18 

0.28 

NOTES: 

1.  A  minimum  clearance  of  0.015"  (0.381  mm)  Is  maintained 
between  comer  terminals. 

2.  Electrical  connection  is  required  on  plane  1.  Metallization  is 
optional  on  plane  2.  However,  If  plane  2  Is  metallized  It  must  be 
electrically  connected. 

3.  A  minimum  clearance  of  0.020"  (0.588  mm)  Is  maintained 
between  overall  dimensions  D4  x  E4  and  all  other  features, 
Including  metallization,  chamfers  and  edges. 

4.  Non-electrical  features  for  No.  1  terminal  Identification,  optical 
orientation  or  handling  purposes  shall  be  within  the  shaded 
area  shown  on  plane  2. 

5.  Dimension  A  controls  the  overall  package  thickness. 

6.  Length  of  pad  metallization  may  Increase  only  toward  package 
periphery. 

7.  When  space  Isavallabta,  the  Index  comer  maybe  metallized  on 
either  or  both  planes  1  and  2.  The  package  edge  at  the  index 
comer  shall  not  be  metallized. 
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PACKAGE  DIMENSIONS  —  LEADLESS  CHIP  CARRIERS 


28-Position  Chip  Carrier 
(TC-Suffix) 


Top  View 


Bottom  View 


INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN  MAX 

NOTES 

A 

0.064 

0.100 

1.63  2.54 

5 

Al 

0.054 

0.088 

1.37  2.24 

Bl 

0.022 

0.02S 

0.56  0.71 

2 

D 

0.442 

0.4S8 

11.23  11.63 

°1 

0.075  REF 

1.91  REF 

Dj 

0.300  REF 

7.62  REF 

DS 

0.150  REF 

3.81  REF 

04 

0.4SS 

—  11.63 

3 

os 

0.200  BSC 

5.08  BSC 

E 

0.442 

0.458 

11.23  11.63 

El 

0.075  REF 

1.91  REF 

E2 

0.300  REF 

7.62  REF 

E3 

0.150  REF 

3.81  REF 

E4 

0.458 

—  11.63 

3 

e 

0.050 

1.27  - 

°i 

0.015 

0.38  — 

1 

L, 

0.045 

0.055 

1.14  1.40 

1-2 

0.077 

0.093 

1.96  2.36 

4 

R 

0.007 

0.011 

0.18  0.28 

NOTES: 


A  minimum  clearance  ol  0.015"  (0.381  mm)  Is  maintained 
between  corner  terminals. 

Electrical  connection  Is  required  on  plane  1.  Metallization  Is 
optional  on  plane  2.  However,  if  plane  2  is  metallized  It  must  be 
electrically  connected. 

A  minimum  clearance  of  0.020"  (0.508  mm)  is  maintained 
between  overall  dimensions  D4  x  E4  and  all  other  features, 
including  metallization,  chamfers  and  edges. 
Non-electrical  features  (or  No.  1  terminal  identification,  optical 
orientation  or  handling  purposes  shall  be  within  the  shaded 
area  shown  on  plane  2. 

Dimension  A  controls  the  overall  package  thickness. 

Length  of  pad  metallization  may  Increase  only  toward  package 

periphery. 

When  space  la  available,  the  index  corner  may  be  metallized  on 
either  or  both  planes  1  and  2.  The  package  edge  at  the  Index 
comer  shall  not  be  metallized. 
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PACKAGE  DIMENSIONS  —  PLASTIC  LEADED  CHIP  CARRIERS 


PLCC-20 
20-Lead  Plastic  Leaded  Chip  Carrier 
(PC-Suffix) 


hX45' 


Pin  No.  1 


hi  X  45« 


D2/E2 


INCHES  MILLIMETERS 


SYMBOL 

M[N 

MAX 

MIN 

MAX 

NOTES 

A 

0.16S 

0.1S0 

4.200 

4.570 

b 

0.013 

0.021 

0.331 

0.533 

b, 

0.028 

0.032 

0.661 

0.812 

0 

0.350 

0.356 

8.890 

9.042 

o, 

0.38S 

0.395 

9.780 

10.030 

Da 

0.290 

0.330 

7.370 

8.380 

3 

E 

0.350 

0.358 

8.890 

9.042 

Ei 

0.385 

0.395 

9.780 

10.030 

Ej 

0.290 

0.330 

7.370 

8.380 

3 

e 

0.050  BSC 

1.270  BSC 

h 

0.042 

0.048 

1.087 

1.219 

hi 

0.042 

0.058 

1.070 

1.420 

a 

0.020 

0.510 

NOTES: 

1 .  Package  dimensions  conform  to  JEOEC  specification  MO-047- 
AA  (Issue  A,  October  31, 1984). 

2.  Index  area;  a  dimple  or  a  lead  one  Identification  mark  Is  located 
adjacent  to  lead  one  and  is  within  the  shaded  area  shown. 

3.  Overall  distance  between  leads  at  tangent  points  to  seating 
plane. 
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PACKAGE  DIMENSIONS  —  PLASTIC  LEADED  CHIP  CARRIERS 


PLCC-28 

28-Lead  Plastic  Leaded  Chip  Carrier 
(PC-Suffix) 


Pin  No.  1 


D2/E2 


INCHES  MILLIMETERS 


SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.165 

0.160 

4.200 

4.570 

b 

0.013 

0.021 

0.331 

0.533 

>>i 

0.026 

0.032 

0.661 

0.812 

D 

0.450 

0.456 

11.430 

11.562 

0, 

0.465 

0.495 

12.320 

12.570 

D2 

0.390 

0.430 

9.910 

10.920 

3 

E 

0.450 

0.456 

11.430 

11.582 

E, 

0.485 

0.495 

12.320 

12.570 

Ej 

0.390 

0.430 

9.910 

10.920 

3 

e 

0.050  BSC 

1.270  BSC 

h 

0.042 

0.043 

1.067 

1.219 

0.042 

0.056 

1.070 

1.420 

Q 

0.020 

0.510 

NOTES: 

1.  Package  dimensions  conform  to  JEDEC  specification  MO-047- 
AB  (Issue  A,  October  31. 1984). 

2.  Index  area;  a  dimple  or  a  lead  one  identification  mark  is  located 
adjacent  to  lead  one  and  is  within  the  shaded  area  shown. 

3.  Overall  distance  between  leads  at  tangent  points  to  seating 
plane. 
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PACKAGE  DIMENSIONS  —  SMALL  OUTLINE  ICs 


SO-8 

8-Lead  Narrow-Body  SO 
(S-Suffix) 


H  R  H  FT 


-See 
Note  2 


LI  hi  H  LI 


/ 

/ — 

I 

\ 

s 


-  h  45" 


X 


—I  e  i^-l  I 
b  ■  U- 


Q  -Seating 
Piano 


s  V 

See 
Detail 
Above 


NOTES: 

1.  Package  dimensions  conform  to  JEDEC  specification  MS-012- 
AA  (Issue  A.  June  1935). 

2.  Index  area;  a  dimple  or  lead  one  identification  mark  is  located 
adjacent  to  lead  one  and  is  within  the  shaded  area  shown. 


SO-14 

14-Lead  Narrow-Body  SO 
(S-Suflix) 


RRHRHRR 


H 

8 

^See 
'   Note  2 

1  s 

\  i- 

E  H 

i  H 

l 

7 

ti  d  u  d  d  d  a. 

 D  


—  J  L  Seating-^  \ 


—  .—  h  X  45 

f 


V 


See 
Detail 
Above 


INCHES 

MILLIMETERS 

INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.0532 

0.0688 

1.35 

1.75 

A 

00532 

0.0688 

1.35 

1.75 

b 

0.0136 

0.0192 

0.35 

0.49 

b 

0.0138 

0.0192 

0.35 

0.49 

c 

0.0075 

0.0098 

0.19 

0.25 

c 

0.0075 

0.0098 

0.19 

0.25 

D 

0.1890 

0.1968 

4.80 

5.00 

D 

0.3367 

0.3444 

8.55 

8.75 

E 

0.1497 

0.1574 

380 

4.00 

E 

0.1497 

0.1574 

3.80 

4.00 

H 

0.2284 

0.2440 

5.80 

6.20 

H 

0.2284 

0.2440 

5.80 

6.20 

e 

0.0500  BSC 

1.27  BSC 

e 

0  0500  BSC 

1.27  BSC 

h 

0.0099 

0.0196 

0.25 

0.50 

h 

00099 

0.0196 

0.25 

0.50 

L 

0.0160 

00500 

0.41 

1.27 

L 

0.0160 

0.0500 

0.41 

1.27 

Q 

0.0040 

0.0098 

0  10 

0.25 

O 

0.0040 

0.0098 

0.10 

0.25 

0° 

B° 

0° 

8' 

a 

0' 

8° 

0" 

8" 

NOTES: 

1,  Package  dimensions  conform  to  JEDEC  specification  MS-012- 
AB  (Issue  A.  June  1985). 

2.  Index  area;  a  dimple  or  lead  one  identification  mark  is  located 
adjacent  to  lead  one  and  is  within  the  shaded  area  shown. 
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pmI> 


PACKAGE 
INFORMATION 


Precision  MonolitliicS  Inc. 


PACKAGE  DIMENSIONS  —  SMALL  OUTLINE  ICs 


SO-16 

16-Lead  Narrow-Body  SO 
(S-Suffix) 


RRRHRRHR 


.A 


Note  2 


E  H 


i  01     , N 


uuuduuyy 


Y  D  -j  — I  |—  hX45" 


8  II  Seating-/^ 

b-J  '—        Plane  Q 


e 


Oetall 
Above 


INCHES  MILLIMETERS 


SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.0532 

0.0688 

1.35 

1.75 

b 

0.0138 

0.0192 

0.35 

0.49 

c 

0.0075 

0.0099 

0.19 

0.25 

D 

0.3859 

0.3937 

9.80 

10.00 

E 

0.1497 

0.1574 

3.80 

4.00 

H 

0.2284 

0.2440 

5.80 

6.20 

e 

0.0500  BSC 

1.27  BSC 

h 

0.0099 

0.0198 

0.25 

0.50 

L 

0.0160 

0.0500 

0.41 

1.27 

0 

0.0040 

0.0038 

0.10 

0.25 

a 

0° 

8' 

0° 

8« 

NOTES: 

1.  Package  dimensions  conform  to  JEDEC  specification  MS-012- 
AC  (Issue  A.  Juno  1985). 

2.  Index  area;  a  dimple  or  lead  one  identification  mark  is  located 
adjacent  to  lead  one  and  Is  within  the  shaded  area  shown. 
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PMi>  PACKAGE 
  INFORMATION 


Precision  Momili thics  ln< 


PACKAGE  DIMENSIONS  —  SMALL  OUTLINE  ICs 


SOL-16 
16-Lead  Wide-Body  SO 
(S-Suffix) 


E  H 


D- 


— b~|  |—  SeattngV  *  \ 


1 


[— hX45° 


Plane 


Detail 
Above 


INCHES  MILLIMETERS 


SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.0926 

0.1043 

2.35 

2.65 

b 

0.0138 

0.0192 

0.35 

0.49 

c 

0.0091 

0.0125 

0.23 

0.32 

D 

0.3977 

0.4133 

10.10 

10.50 

E 

0.2914 

0.2992 

7.40 

7.60 

H 

0.3937 

0.4193 

10.00 

10.65 

e 

0.0600  BSC 

1.27  BSC 

h 

0.0098 

0.0291 

0.25 

0.74 

L 

0.0157 

0.0500 

0.40 

1.27 

0 

0.0040 

0.0118 

0.10 

0.30 

a 

0' 

8' 

0» 

8' 

NOTES: 

1.  Package  dimensions  conform  lo  JEDEC  specification  MS-013- 
AA  (Issue  A,  June  1985). 

2.  Index  area:  a  dimple  or  lead  one  identification  mark  is  located 
adjacent  to  lead  one  and  is  within  the  shaded  area  shown. 
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PMI) 


PACKAGE 
INFORMATION 


l'r'ccisiiiii  MinHilithics  Inc. 


PACKAGE  DIMENSIONS  —  SMALL  OUTLINE  ICs 


SOL-18 
18-Lead  Wide-Body  SO 
(S-Suffix) 


HRRRRRRRR 


E  H 


D 


-~-  - 

f— hX45' 


-A  e  I—    b-\  |—     Seating^  *  \ 


1. 

1 


Piano 


See 
Detail 
Above 


INCHES  MILLIMETERS 


SYMBOL 

M1N 

MAX 

MIN 

MAX 

NOTES 

A 

0.0926 

0.1043 

2.35 

2.65 

b 

0.0138 

0.0192 

0.35 

0.49 

c 

0.0091 

0.0125 

0.23 

0.32 

0 

0.4469 

0.4625 

11.35 

11.75 

E 

0.2914 

0.2992 

7.40 

7.60 

H 

0.3937 

0.4193 

10.00 

10.65 

e 

0.0500  BSC 

1.27  BSC 

h 

0.0098 

0.0291 

0.25 

0.74 

L 

0.0157 

0.0500 

0.40 

1.27 

0 

0.0040 

0.0118 

0.10 

0.30 

a 

0° 

8' 

0° 

8' 

NOTES: 

1.  Package  dimensions  conlorm  to  JEDEC  specification  MS-013- 
AB  (Issue  A,  June  1885). 

2.  Index  area;  a  dimple  or  lead  one  identification  mark  is  located 
adjacent  to  lead  one  and  Is  within  the  shaded  area  shown. 
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PMI) 


PACKAGE 
INFORMATION 


I'reci.sioii  Alonol it  h  ics  Inc. 


PACKAGE  DIMENSIONS  —  SMALL  OUTLINE  ICs 


SOL-20 
20-Lead  Wide-Body  SO 
(S-Sufflx) 


RRRRRRRRRR 


E  H 


D 


1. 


r 


hX45* 


-J  e  |—    b-|  I—         Seating^  *  J. 


See 
Detail 
Above 


INCHES  MILLIMETERS 


SYMBOL 

MIN 

MAX 

MIN 

MAX  NOTES 

A 

0.0926 

0.1043 

2.3S 

2.65 

b 

0.0138 

0.0192 

0.35 

0.49 

e 

0.0091 

0.012S 

0.23 

0.32 

D 

0.4961 

0.5118 

12.60 

13.00 

E 

0.2914 

0.2992 

7.40 

7.60 

H 

0.3937 

0.4193 

10.00 

10.65 

e 

0.0500  BSC 

1.27  BSC 

h 

0.0038 

0.0291 

0.25 

0.74 

L 

0.01S7 

0.0500 

0.40 

1.27 

a 

0.0040 

0.0118 

0.10 

0.30 

a 

0° 

8» 

0* 

8' 

NOTES: 

1.  Package  dimensions  conform  to  JEDEC  specification  MS-013- 
AC  (Issue  A,  June  1985). 

2.  Index  area:  a  dimple  or  lead  one  Identification  mark  Is  located 
adjacent  to  lead  one  and  Is  within  the  shaded  area  shown. 
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PMI) 


PACKAGE 
INFORMATION 


'rtcision  M  on  o  1 !  t  h  i  c.s  inc. 


PACKAGE  DIMENSIONS  —  SMALL  OUTLINE  ICS 


SOL-24 
24-Lead  Wide-Body  SO 
(S-Sutflx) 


RRRRRRRRRRRR 


A 


See 
Note  2 


ggy  yyyyLjLjLjy.y 


E  H 


— I  e  I—    b-|  |— 


— |  |— hX«° 


Seating 
Plane 


V) 


Detail 
Above 


INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.0926 

0.1043 

2.35 

2.65 

b 

0.0136 

0.0192 

0.35 

0.49 

c 

0.0091 

0.01 25 

0.23 

0.32 

0 

0.5885 

0.6141 

15.20 

15.60 

E 

0.2914 

0.2992 

7.40 

7.60 

H 

0.3937 

0.4193 

10.00 

10.65 

e 

0.0SO0BSC 

1.27  BSC 

h 

0.0098 

0.0291 

0.25 

0.74 

L 

0.0157 

0.0500 

0.40 

1.27 

0 

0.0040 

0.0116 

0.10 

0.30 

a 

0» 

8» 

0° 

8" 

NOTES: 

1.  Package  dimensions  conform  to  J  ED  EC  specification  MS-013- 
AD  (Issue  A,  June  1985). 

2.  Index  area;  a  dimple  or  lead  one  Identification  mark  Is  located 
adjacent  to  lead  one  and  Is  within  the  shaded  area  shown. 
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PMi) 


PACKAGE 
INFORMATION 


Precision  iYlunol 


PACKAGE  DIMENSIONS  —  SMALL  OUTLINE  ICs 


SOL-28 
28-Lead  Wide-Body  SO 
(S-Sulfix) 


RRRRRRRRRRRRRR 


E  H 


D 


-I  •  I—    to— |  I— 


1 


|— hX«« 


Plane 


O  c 


Detail 
Above 


INCHES  MILLIMETERS 


SYMBOL 

MIN 

MAX 

MIN 

MAX  NOTES 

A 

0.0926 

0.1043 

2.35 

2.65 

b 

0.0138 

0.0192 

0.35 

0.49 

c 

0.0091 

0.012S 

0.23 

0.32 

D 

0.6969 

0.712S 

17.70 

18.10 

E 

0.2914 

05992 

7.40 

7.60 

H 

0.3937 

0.4193 

10.00 

10.65 

e 

0.0500  BSC 

1.27  BSC 

h 

0.0098 

0.0291 

0.25 

0.74 

L 

0.01S7 

0.0500 

0.40 

1.27 

Q 

0.0040 

0.0118 

0.10 

0.30 

a 

0" 

8° 

0° 

8° 

NOTES: 

1.  Package  dimensions  conform  to  JEDEC  specification  MS-013- 
AE  (Issue  A,  June  1885). 

2.  Index  area;  a  dimple  or  lead  one  Identification  mark  Is  located 
adjacent  to  lead  one  and  Is  within  the  shaded  area  shown. 
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PMI) 


Precision  Mono  I  i  t  li  Ics  Inc. 


SALES  OFFICES 
REPRESENTATIVES 


NORTH  AMERICA 


CORPORATE 

HEADQUARTERS 

PMI 

1500  Space  Pant  Drive 

P.O.  Boa  6*020 

Santa  Clara.  CA  85052-6020 

(409)  727-9222  TWX  310-371-9841 

TLX71-17MS41 

FAX408-727.1SS0 

ALABAMA 

Contact  Norcross.  OA  Office 
ALASKA 

Contact  Northwest  Marketing. 


Bellevue.  WA  Oflice 


ARIZONA 

SCOTTWALE 

PMI  SALES  OFFICE 

6526  E.  Monterey  Way 

ScotUOele.  AZ  85251-5926 

(602)  94M846  FAX  602-841-11)46 

SCOTTSOALE 

SUMMIT  SALES 

7602  E.  Gray  HO..  Suite  600 

Scottadale.  AZ  05260-3460 

(602)  998-4850  TWX  910-960-1263 

FAX  602-998-5274 

ARKANSAS 

Conuct  Calls*.  TX  Office 

CALIFORNIA 

L08ANOELE8 

PMI  SALES  OFFICE 

18531  floicoe  Blvd..  Suite  212 

Northnsge.  CA  91324-4841 

(818)668-6661  FAX  818-666-6016 

MtLPITAS 

PMI  SALES  OFFICE 
Suite  333 

500  E.  Calaveras  Blvd. 

MllpIUlJ.  CA  65035-7703 

(403)  942-8060  FAX  408-942-0174 

ORANGE  COUNTY 
PMI  SALES  OFFICE 
Suite  227 

17671  Santiago  Blvd. 
Villa  Park.  CA  92667-4132 
(7H)  837-9602  TWX  910-328-8591 
FAX  714-974-1589 

SAH  DIEGO 

L  &  S  ASSOCIATES 

11772  Sorrento  Valley  Rd..  Suite  235 

San  Dteso.  CA  92121-1017 

(619)455-0055  TWX  910-322-1730 

FAX  619-481-0055 

SAN  JOSE 

QUADREP  INC. 

2713  N.  First  SL 

San  Jose.  CA  95134-2099 

<406)  432-3300  TWX  910-338-0207 

FAX  408-432-3428 


COLORADO 

BOULDER 

FRONT  RANGE  MARKETING 
3100  Arapahoe  Ave..  Suite  404 
Boulder,  CO  80303-1082 
(303)  443-4760  TWX  910-040-3442 
FAX  303-447-0371 

ENGLEWOOD 

PMI  SALES  OFFICE 

Suite  A220 

14  Inverness  Dr.,  East 

Englewood,  CO  80112-5601 

(303)  792-9595  FAX  303-799-6065 

CONNECTICUT 
BLOOMFIELO 
PMI  SALES  OFFICE 
P.O.  Bos  585 

Bloomfield,  CT  08002-0565 
(203)242-1014  FAX  203-243-2021 

DELAWARE 

Contact  Tech-Corn  Marketing, 
Selltravllle,  PA  Office 

DISTRICT  OF  COLUMBIA 

Contact  Conroy  Sales, 
Baltimore.  MD  Office 

FLORIDA 

ALTAMONTE  SPRINGS 
PMI  SALES  OFFICE 
Suite  300 
201  Park  Place 

Altemonlo  Springs.  FL  32701-3506 
(305)  260-0780  (800)  223-6147 
FAX  305-260-0782 

QEORQIA 
ATLANTA 

PMI  SALES  OFFICE 

5698  Peachtree  Pkwy.,  Suite  101 

Norcroat.  GA  30092-2611 

(404)  263-7995  FAX  404-263-7952 

HAWAII 

Contact  Los  Angeles,  CA  Office 
IDAHO 

Contact  Northwest  Marketing. 
Bellevue,  WA  Office 

ILLINOI8 

CHICAGO 

PMI  SALES  OFFICE 

Suite  195 

450  E.  Devon 

Itasca.  I L  60143-1261 

(312)  250-0608  (600)  323-6755 

TLX  372-7036  FAX  312-250-0925 

ROLLING  MEADOWS 

SUMER.  INC. 
1825  Hicks  Rd. 

Rolling  Meadows.  IL  60008-1264 
(312)  991-8500  TWX  910-693-1477 
FAX  312-991-0474 


INDIANA 
CARMEL 

TECHNOLOGYMARKETINGCORP. 
599  Industrial  Dr. 
Carmel.  IN  46032-4207 
(317)644-8482  TWX  910-697-0194 
FAX  317-573-5472 
FT.  WAYNE 

TECHNOLOGYMARKETINGCORP. 

3428  W.  Taylor  SI. 

Ft.  Wayne.  IN  46602-4705 

(219)  432-5553  Easylink  82870860 

FAX  219-432-5555 

IOWA 
DAVENPORT 

RUSH  &  WEST  ASSOCIATES,  INC. 

4537  Brady  St. 

Davenport,  IA  52806-4051 

(319)  388-9494  TWX  510-100-2255 

KAN8A8 

KANSAS  CITY/WICHITA 

RUSH  &  WEST  ASSOCIATES,  INC. 

107  N.  Cheater  St. 

Olathe,  KS  68061-3690 

(913)  784-2700  TWX  910-380-8110 

KENTUCKY 
LOUISVILLE 

TECHNOLOGYMARKETINGCORP. 

8819  Roman  CI. 

P.O.  Box  91147 

Louisville,  KY  40291-0147 

(502)  499-7608  TWX  810-635-3757 

FAX  502-499-7609 

LOUISIANA 

Contact  Houston,  TX  Office 

MAINE 

Contact  Boston,  MA  Office 

MARYLAND 

BALTIMORE 

CONROY  SALES 

505  Baltimore  Ave. 

Baltimore,  MD  21204-4503 

(301)  296-2444  TWX  510-601-1773 

TLX  87-770  FAX  301-887-1867 

MASSACHUSETTS 
BOSTON 

PMI  SALES  OFFICE 

Suite  209 

869  Turnpike  St. 

North  Andover,  MA  01845-6105 

(617)  794-0026  TWX  310-371-2735 

TLX  71-371-2735  FAX  617-794-0970 


MICHIGAN 
DETROIT 

PMI  SALES  OFFICE 

722  E.  Grand  River  Rd..  Suite  6 

Brighton,  Ml  48116-1820 

(313)  227-2190,  (312)  685-6440 

(800|  323-9755  TWX  910-222-1608 

FAX  313-227-2136 

DETROIT 

ELECTRONIC  SOURCES,  INC. 
8014  W.  Grand  River  Ave..  Suite  6 
Brighton,  Ml  48116-9302 

(313)  227-3596  TLX  298-269 
FAX  313-227-5655 

MINNESOTA 
MINNEAPOLIS 

MEL  FOSTER  TECH.  SALES.  INC. 

7611  Washington  Ave.,  South 

P.O.  Box  35216 

Edlna.  MN  55435-0216 

(612)  941-9790  TWX  910476-2746 

FAX  612-9444634 

MISSISSIPPI 

Contact  Norcross,  GA  Office 

MISSOURI 

ST.  LOUIS 

RUSH  8.  WEST  ASSOCIATES.  INC. 

2170  Mason  Rd. 

SI.  Louis.  MO  63131-1634 

(314)  965-3322  TLX  752-853 
FAX  314-965-3529 

MONTANA 

Contact  Englewood,  CO  Office 
NEBRASKA 

Contact  Rush  &  West  Associates, 
Davenport,  IA  Office 

NEVADA 

Contact  Mllpltas,  CA  Office 

NEW  HAMPSHIRE 

Contact  Boston,  MA  Office 

NEW  JERSEY  (NORTHERN) 

Contact  J-Square  Marketing. 
Hlcksville,  NY  Office 

NEW  JERSEY  (80UTHERN) 
Contact  Tech-Corn  Marketing, 
Sellersvllle.  PA  Olllce 

NEW  MEXICO 
ALBUOUEROUE 

SUMMIT  SALES 

2859B  Pan  American  Northeast 

Albuquerque,  NM  87107-1601 

(605)345-5003 
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PMI) 


SALES  OFFICES 
REPRESENTATIVES 


Precision  Monolithics  Inc. 


NORTH  AMERICA 


NEW  YORK 

METRO  NY,  LONG  ISLAND 
J. SQUARE  MARKETING.  INC 
161-C  Leviltown  Pkwy 
Hicksville.  NY  11801-4464 
(516)935-3200  TWX  510-221-2136 
FAX  516-935-0029 

ROCHESTER 

L-MAR  ASSOCIATES.  INC 
Suite  2285 

349  W  Commercial  St 

E.  RochDSiei.  NY  14445-2230 

(716)  361-9100  FAX  716-381-9160 


NORTH  CAROLINA 

Coniact  Noicioss.  GA  Office 


NORTH  DAKOTA 

Coniact  Mel  Foster  Tech  Sales.  Inc.. 
Edina,  MN  Office 


OHIO 

CLEVELAND 

DEL  STEFFEN  &  ASSOCIATES 

69  Alpha  Park 

Cleveland.  OH  44143-2296 

(216)  461-3333  TWX  810-427-9272 

FAX21G-461-4932 

COLUMBUS 

DEL  STEFFEN  &  ASSOCIATES 
355  W  Mam  St. 
Lexington.  OH  44904-9767 
(419)884-2313  TWX  810-427-9272 
FAX  419-884-3565 
DAYTON 

DEL  STEFFEN  &  ASSOCIATES 
1201  E  David  Rd 
Dayton.  OH  45429-5701 
(513)293-3145  TWX  810-427-9272 
FAX  513-293-6263 


OKLAHOMA 

Contaci  Dallas.  TX  OMicc 


OREGON 
PORTLAND 

NORTHWEST  MARKETING 
Suiie  330 

6975  S.W  Sandburg  Rd 
Portland.  OR  97223-8010 
(503)620-0441  TWX  910-464-5157 
FAX  503-684-2541 


PENNSYLVANIA 

PHILADELPHIA 

PMI  SALES  OFFICE 

431  Lakeside  Or 

Horsham.  PA  19044-2320 

|215  )  675-7600  TWX  710-670-0021 

FAX  215-675-7463 

PITTSBURGH 

DEL  STEFFEN  &  ASSOCIATES 

Bldg  1.  Rm  116K 

600  N  Bell  Avo 

Carnegie.  PA  15106-4363 

1412]  276-7366  TWX  810-427-9272 

SELLERSVILLE 
TECH-COM  MARKETING 
PO.  Box  460 

Seliersville.  PA  16960-0460 
(215) 723-0820  FAX  215-723-2861 


RHODE  ISLAND 

Coniact  Boslon.  MA  Ollice 


SOUTH  CAROLINA 

Coniact  Norcross.  GA  Office 


SOUTH  DAKOTA 

Contact  Mel  Foster  Tech.  Sales,  Inc., 
Edina.  MN  Oflice 


TENNESSEE 

Comaci  Norcross.  GA  Office 


TEXAS 
DALLAS 

PMI  SALES  OFFICE 

11325  Pegasus  Si.,  Suile  E-102 

Dallas,  TX  75238-3228 

{214)  341-1742,  |800)  223-6147 

TLX  372-3616  FAX  214-349-3312 

HOUSTON 

PMI  SALES  OFFICE 

P  O  Box  262423 

Houston.  TX  77207-2423 

(713)  481-6460.  (214)  341-1742 

(800  )  223-6147  TLX  372-3616 

FAX  713-481-3489 


UTAH 

SALT  LAKE  CITY 
FRONT  RANGE  MARKETING 
2520  S  Stalest .  Su.ie  117 
Sail  Lake  Ciiy.  UT  84115-3110 
(801)  364-6481  TWX  910-925-4117 
FAX  801-485-4673 


VERMONT 

Contaci  Boslon,  MA  Office 


VIRGINIA 

Contact  Conroy  Sales. 
Baltimore,  MD  Oflice 


WASHINGTON 
BELLEVUE 

NORTHWEST  MARKETING 
Suiie  330N 

12835  Bellevua  Redmond  Rd. 
Bellevue.  WA  98005-2625 
(206)455-5846  TWX  910-443-2445 
FAX  206-451-1130 


WEST  VIRGINIA 

Coniact  Del  Sielfen  &  Associates, 

PitlSburg.  PA  Ollice 


WISCONSIN 
MILWAUKEE 

SUMER.  INC. 

350  Bishops  Way 

Brookliald.  Wl  53005-6221 

(414)  784-6641  FAX  414-785-9628 


WYOMING 

Coniact  LilHelon.  CO  Ollice 


CANADA 
ALBERTA 

Coniact  Milpilas,  CA  Olfice 
BRITISH  COLUMBIA 
Contact  Milpitas.  CA  Olfice 
MANITOBA 

Coniact  Chicago.  IL  Office 
NEW  BRUNSWICK 
Contaci  Source  Electronics  Ltd., 
Rexdale,  Ontario  OMice 

NEWFOUNDLAND 

Comaci  Source  Eleclromcs  Ltd  . 
Rexdale.  Onlano  Oflice 
NOVA  SCOTIA 

Coniact  Source  Electronics  Ltd  . 
Rexdale,  Ontario  Olfice 
ONTARIO 

SOURCE  ELECTRONICS  LTD 
PO  Box  13235 
Kanala,  Ontario  K2K  1X4 
1613]  592-5392 

ONTARIO 

SOURCE  ELECTRONICS  LTD 
83  Galaxy  Blvd..  Unit  9 
Rexdale.  Ontario  M9W  5X6 
(4161  675-6235 
QUEBEC 

Contact  Source  Electronics  Ltd  . 
Rexdale.  Ontario  Olfice 
SASKATCHEWAN 
Contact  Chicago.  IL  Office 
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DISTRIBUTORS 

NORTH  AMERICA 


ALABAMA 
BIRMINGHAM 

NEWARK  ELECTRONICS 

75  Bagby  Dr. 

Birmingham.  AL  35209 

(205)  942-4044 

HUNTSVILLE 

ALLIED  ELECTRONICS 

4900  Bradford  Dr.,  Northwest 

HuntsvWe.  AL  3S505-1951 

(205)721-3500 

HUNTSVILLE 

BELL  INDUSTRIES 

4035  Univenity  Square,  Suito  15 

Huranl'ilo.  AL  35SI6-1645 

(205)937-1074 

HUNTSVILLE 

HALL-MARK  ELECTRONICS 

4900  Bradford  Dr.,  Northwest 

Hunttvllle.  AL  35505-1951 

(205)  837-0700  TWX  910-380-8788 

HUNTSVILLE 

NEWARK  ELECTRONICS 

5$5SparkmanOr. 

HunlsHlle.  AL  35505 

(205)  837-9091 

HUNTSVILLE 
PIONEER 

4825  University  Square 

HunUvllla,  AL  35518-8041 

(205)  837-9300  TWX  810-728-2197 

FAX  205-837-9358 

MOBILE 

NEWARK  ELECTRONICS 
822  Aialea  Rd. 

Mobile.  AL  36809 
(205)881-6103 

ARIZONA 
PHOENIX 

HALL-MARK  ELECTRONICS 

4040  E.  Raymond  Rd. 
Phoenix,  AZ  65040-1983 
(602)  437-1200  TWX  910-9S0-01S1 
PHOENIX 

NEWARK  ELECTRONICS 
BS11  N.  Black  Canyon 
Phoenix,  AZ  85021 
(602)984-9905 

TCMPE 

ANTHEM  ELECTRONICS 

1727  E.  Waber  Or. 

Tampa.  AZ  85281-1841 

(602)  968-8600  TWX  910-950-0110 

TEMPE 

BELL  INDUSTRIES 

1705  W.  4U1  St. 

Tampa.  AZ  65281-2403 

(602)  966-7800  TWX  910-950-0133 

FAX  602-867-6564 

TEMPE 

NEWARK  ELECTRONICS 
325  E.  Southern 
Tampa.  AZ  85282 
(602)  968-7441 
TUCSON 

NEWARK  ELECTRONICS 
3045  N.  1st  Ave. 
Tucson.  AZ  85719 
[602)  628-7891 

ARKANSAS 
LITTLE  ROCK 
NEWARK  ELECTRONICS 
10816  Executive  Center  Dr. 
Little  Rock.  AR  72211 
(50l|  225-8130 


CALIFORNIA 
CANOOA  PARK 
HALL-MARK  ELECTRONICS 
8130  Remmet  Ave. 
Canoge  Park.  CA  91304-4129 
(818)  716-3300 

CANOGA  PARK 

NEWARK  ELECTRONICS 

6911  Topanga  Canyon  Blvd. 

Canoga  Park,  CA  91303 

(818)  888-3718 

CHATSWORTH 

ANTHEM  ELECTRONICS 

20640  Bahama  St. 

Chelsworth.  CA  91311-6101 

(818)  700-1000  TWX  910-493-2083 

CHULA  VISTA 

NEWARK  ELECTRONICS 

315  4th  Ave. 

Chula  Vista.  CA  92010 

(619)  565-1023 

DUBLIN 

NEWARK  ELECTRONICS 
11879  B  Dublin  Blvd. 
Dublin,  CA  94568 
(415)  833-9449 

FOSTER  CITY 
NEWARK  ELECTRONICS 
1155  A  Cheaa  Dr. 
Foster  City,  CA  94404 
(415)  572-8300 
FREMONT 

ALLIED  ELECTRONICS 
5035  Brandln  Court 
Fremont.  CA  94538-3140 
(415)  770-0590 

GARDEN  DROVE 

BELL  INDUSTRIES 

12322  Monarch  St. 

Garden  Grove.  CA  92641-5126 

(714)220-0861  TWX  910-598-2382 

FAX  714-891-4570 

GARDENA 

BELL  INDUSTRIES 
306  E.  Alondra  Blvd. 
Gardens.  CA  90248-2810 
(213)  515-1800  TWX  910-346-6336 
FAX  213-256-6932 

INGLEWOOD 
NEWARK  ELECTRONICS 
4747  W.  Century  Blvd. 
Inglewood.CA  80304 

(213)  671-7066 

INGLEWOOD  METRO 
NEWARK  ELECTRONICS 
5855  Green  Valley  Clrclo 
Culver  City,  CA  90230 
(213)  870-0020 

IRVINE 

ANTHEM  ELECTRONICS 

1  Oldlield  Or. 

Irvine.  CA  92718-2809 

(714)  768-4444  TWX  910495-1583 

LONG  BEACH 

NEWARK  ELECTRONICS 

3530  Long  Beach  Blvd. 

Long  Beach.  CA  90807 

(213)  427-7408 

LOS  ALAMITOS 

SEMI  DICE  INC. 

10961  BloomlleldSt. 

P.O.  Box  3002 

Los  Alamitos.  CA  90720-2586 

(213)  594-4631  TWX  910-341-7710 
ORANGE 

NEWARK  ELECTRONICS 
1820  Orangewood  West.  Suite  106 
Orange.  CA  92668 
(714|  834-8224 


CALIFORNIA  continued 
PASADENA 

NEWARK  ELECTRONICS 
2130  Huntington  Dr. 
South  Pasadena.  CA  91030 

(818)  799-4147 

RIVERSIDE 

NEWARK  ELECTRONICS 
8809  Magnolia  SI. 
Riverside,  CA  92506 
(714)  784-1101 

SACRAMENTO 

BELL  INDUSTRIES 

500  Qiusoppe  CI.,  Suite  6 

Rosevilte.  CA  95676-6305 

(918)  989-3100  TWX  910-367-2095 

SACRAMENTO 
HALL-MARK  ELECTRONICS 
6341  Auburn  Blvd.,  Suite  "D" 
Citrus  Heights.  CA  95621-6203 
(915)  722-8800 

SACRAMENTO 
NEWARK  ELECTRONICS 
3400  Wall  Ave. 
8acramento.  CA  95821 
(918)  971-0555 

SAN  DIEGO 

ANTHEM  ELECTRONICS 
9369  Carroll  Park  Dr..  Suite  "B" 
San  Diego,  CA  92121-1408 
(619)  453-9005  TWX  910-335-1515 

SAN  DIEGO 
BELL  INDUSTRIES 
7450  Ronson  Rd. 
San  Diego.  CA  92111-1508 

(819)  288-1277 
SAN  DIEGO 

HALL-MARK  ELECTRONICS 
3878  Ruflin  Rd..  Suite  10B 
San  Diego,  CA  92123-1849 
(819)  268-1201  TWX  910-335-1279 
FAX  619-288-0209 

SAN  DIEGO 

NEWARK  ELECTRONICS 
S369VlckersSl. 
San  Diego.  CA  92111 
(619)  288-1717 

SAN  MATEO 
NEWARK  ELECTRONICS 
1700  S.  Amphlett  Blvd. 
San  Maiao.  CA  94402 
(415)  571-5300 
SAN  JOSE 

HALL-MARK  ELECTRONICS 

lUORingwoodCt. 

San  Josa.  CA  95131-1726 

(408)  432-0900  TWX  910-339-9505 

FAX  408-433-0745 

SAN  JOSE 

NEWARK  ELECTRONICS 

1975  Hamilton  Ave. 

San  Josa.  CA  95125 

(408|  5594900 

SUNNYVALE 

BELL  INDUSTRIES 

1161  N.  Fairoaks  Ave. 

Sunnyvale.  CA  94089-2102 

(408)  734-8570  TWX  910-339-9375 

SUNNYVALE 

NEWARK  ELECTRONICS 

355  W  Olive  Ave. 

Sunnyvale.  CA  94066 

(408)  720-8755 

THOUSAND  OAKS 
BELL  INDUSTRIES 
1B29A  De  Havilland  Dr. 
Thousand  Oaks.  CA  91320-1702 
(805)  499-6821  TWX  910-321-3799 


CALIFORNIA  continued 
TORRANCE 

HALL-MARK  ELECTRONICS 
19220  S.  Normandy  Ave. 
Torrance.  CA  90502-1011 
1213)  217-8400 
TUSTIN 

ALLIED  ELECTRONICS 
14831  Franklin  Ave. 
Tuslln.  CA  92580-7217 
(714)  669-4190  TLX  887-238 
FAX  714-730-0543 

TUSTIN 

HALL-MARK  ELECTRONICS 
14831  Franklin  Ave. 
Tustin.CA  02880-7217 
(714)  669-4190  TLX  887-238 
FAX  714-730-0543 
TUSTIN 

NEWARK  ELECTRONICS 
17802  Irvine  Blvd. 
Tultln,  CA  92680 
(714)  549-3004 

WALNUT 

NEWARK  ELECTRONICS 
21450  Golden  Springs  Or. 
Walnut.  CA  91769 
(714)  593-1587 

COLORADO 
ARVADA 

NEWARK  ELECTRONICS 
6141  w.  1-70  Frontage  Rd.  North 
Arvada.  CO  80002 
(303)  423-7941 

COLORADO  SPRINGS 
NEWARK  ELECTRONICS 
2862  S.  Circle  Dr. 
Colorado  Springs.  CO  60906 
(303)  576-2844 

DENVER 

ANTHEM  ELECTRONICS 

373  Inverness  Dr..  South,  Suite  204 

Englewood,  CO  60112-5818 

(303)  790-4500  TWX  910-935-0113 

FAX  303-790-4532 

DENVER 

BELL  INDUSTRIES 

12421  W.  49th  Ave. 

Wheal  Ridge.  CO  60033-1927 

(303)424-1985    TWX  910-938-1085 

FAX  303-434-0932 

DENVER 

HALL-MARK  ELECTRONICS 
6950  S.  Tucson  Way,  Suite  G 
Englewood.  CO  80112-3922 
{303)790-1662  TWX  910-931-0472 
DENVER 

NEWARK  ELECTRONICS 
2170  S.  Grape  St. 
Denver,  CO  80222 
(303)  757-3351 
ENGLEWOOD 
ALLIED  ELECTRONICS 
8950  S.  Tucson  Way 
Englewood,  CO  80112 
(800)  433-5700 
MONTBELLO 
NEWARK  ELECTRONICS 
4730  Oakland  St. 
Denver.  CO  80239 
(303)  373-4540 
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Precision  Monolith  ics  Inc. 


NORTH  AMERICA 


CONNECTICUT 
BLOOMFIELO 
NEWARK  ELECTRONICS 
112  Coltago  Grove  Blvd. 
Bloomlield.  CT  06002 
(203)  243-1731 

CONNECTICUT  METRO 
NEWARK  ELECTRONICS 
621  Burnside  Ave. 
E.  Hartloid.  CT  06108 
(203)  242-8637 

NORWALK 
PIONEER 
112  Main  SI. 

Norwalk,  CT  06651-4617 

(203)  653-1515  TWX  710-466-3373 

FAX  203-638-9901 

WALLINGFORD 

HALL-MARK  ELECTRONICS 

33  Village  Lane 

Wallinglord.  CT  06492-2426 

(2031  2694100  TLX  314-207 


FLORIDA 

ALTAMONTE  SPR1NOS 
PIONEER 

337  S.  Nonhlake  Blvd..  H1000 
Altamonto  Springs.  FL  32701-4399 
(305)  634-9090.  (600)  432-6094 
TWX8I0-8S34284  FAX  3054344665 

CLEARWATER  (TAMPA  BAY) 
ALLIED  ELECTRONICS 
15301  Roosevelt  Blvd..  Suite  303 
Clearwater.  FL  34620-3594 
(613)  539-0369 

CLEARWATER  (TAMPA  BAY) 
HALL-MARK  ELECTRONICS 
15301  Roosevelt  Blvd..  Suite  303 
Clearwater.  FL  33520-3594 
(813)  530-4543  TWX  8104634410 
FAX  813-535-3665 

CLEARWATER 
NEWARK  ELECTRONICS 

1100  Cleveland.  Suite  404 
Clearwater.  FL  34615 
(813)  872-5618 
COCOA 

NEWARK  ELECTRONICS 
814  Dixon  Blvd. 
Cocoa.  FL  32222 
(305)  631-2017 

FT.  LAUDERDALE 

ALLIEO  ELECTRONICS 

3161  S  W  15th  St. 

Pompano  Beach,  FL  33069-4806 

(305)978-3008  TWX  510-956-9720 

FT.  LAUDERDALE 

BELL  INDUSTRIES 

638  S  Military  Trail 

Deerlietd  Beach.  FL  33442-3023 

(305)  421-1997 

FT.  LAUDERDALE 

HALL-MARK  ELECTRONICS 

3161  S.W.  15tri  St. 

Pompano  Beach,  FL  33069-4806 

(305)  971-9280  TWX  510-956-9720 

FT.  LAUDERDALE 

NEWARK  ELECTRONICS 

7520  N.W.  5th  Si. 

Plantation.  FL  33317 

(305)  587-2372 

FT.  LAUDERDALE 

PIONEER 

674  s.  Military  Trail 

Deerfield  Beach.  FL  33442-3023 

(305)  428-6877  TWX  510-9554653 

FAX  305-461-2950 


FLORIDA  continued 
JACKSONVILLE 
NEWARK  ELECTRONICS 
4140  Woodcock 
Jacksonville.  FL  32207 
(904)  399-5041 
LARGO 

BELL  INDUSTRIES 

10810  72nd  St.  North,  Suite  201 

Largo,  FL  34647-1524 

(613)541-4434  FAX  813-546-6418 

MIAMI 

NEWARK  ELECTRONICS 
6400  N.W.  52nd  SL 
Miami.  FL  33166 
1305)  593-2666 
ORLANDO 

HALL-MARK  ELECTRONICS 

7648  Southland  Blvd..  Suite  100 

Orlando,  FL  32809-6993 

(305)  655-4020  TWX  510-600-3301 

ORLANDO 

NEWARK  ELECTRONICS 
1001  Executive  Center  Dr. 
Orlando.  FL  32803 
(305)  896-6350 

PUERTO  RICO 
NEWARK  ELECTRONICS 
6400  N.W.  52nd  St. 
Miami.  FL  33166 
(305)  593-2666 
TAMPA 

NEWARK  ELECTRONICS 
S426  Bay  Center  Dr. 
Tampa.  FL  33609 
(813)  872-5618 


GEORGIA 
FOREST  PARK 
NEWARK  ELECTRONICS 
804  Main  SI. 
Forest  Park.  OA  30050 
(404)  366-4050 
NORCROSS  (ATLANTA) 
ALLIED  ELECTRONICS 
6410  Atlantic  Blvd..  Suite  115 
Norcross.  GA  30071-1241 
(404)  4464595 

NORCROSS  (ATLANTA) 

BELL  INDUSTRIES 
6690  Jones  Mill  Ct..  Unit  C 
Norcross.  GA  30092-4392 
(404)662-0923  FAX  404-4494901 

NORCROSS  (ATLANTA) 
HALL-MARK  ELECTRONICS 
6410  Atlantic  Blvd..  Suite  115 
Norcross.  GA  30071-1241 
(404)  447-6000  TWX  910-360-6732 
FAX  404-4484664 

NORCROSS  (ATLANTA) 
NEWARK  ELECTRONICS 
6950  Poactllree  Industrial  Blvd. 
Norcross,  OA  30071 
(404)  448-1300 

NORCROSS  (ATLANTA) 
PIONEER 

310CF  Nonhwoods  Place 
Norcross,  OA  30071-1636 
(404)446-1711  TWX  810-766-4515 
FAX  404-446-6270 


HAWAII 
PEARL  CITY 

NEWARK  ELECTRONICS 
99494  Iwaena 
Aiea.  HI  96701 
(80S)  4874951 


IDAHO 
BOISE 

NEWARK  ELECTRONICS 
111  S.  Orchard 
Boise,  ID  83705 
(206)342-4311 


ILLINOIS 
ADDISON 

NEWARK  ELECTRONICS 
228  E.  Lake 
Addison.  IL  60101 
(312)  941-7200 
ARLINGTON  HEIGHTS 
NEWARK  ELECTRONICS 
1114  N.  Arlington  Heights  Rd. 
Arlington,  IL  60004 
(312)392-9009 
AURORA 

NEWARK  ELECTRONICS 
1470  N.  Farnsworth 
Aurora.  IL  60505 
(312)  620-2411 
CHICAGO 

ALLIED  ELECTRONICS 
1355  N.  McLean  Blvd. 
Elgin.  IL  60120-1245 
(312)  6974200 

CHICAGO 

BELL  INDUSTRIES 

515  Busse  Rd. 

Elk  Grove  Village.  IL  60007-2198 
(312)  640-1910  FAX  3124400474 

CHICAGO 

PIONEER 

1551  Carmen  Dr. 

Elk  Grove  Village.  IL  60007-6S81 

(312)  437-9680  TWX  910-222-1834 

FAX  312-437-0551 

LAKEVtEW 

NEWARK  ELECTRONICS 
2545  W.  Peterson 
Chicago.  IL  60659 
(312)  989-7800 
OAKBROOK 
NEWARK  ELECTRONICS 
900  Jorie  Blvd. 
Oakbrook.  IL  60521 
(312)  990-2070 

ROCKFOHD 

NEWARK  ELECTRONICS 
4040  Charles  SI. 
Rocklord.  IL  61106 
(815)  2294225 

SCHAUHBURO 

NEWARK  ELECTRONICS 
1375  Remington  Rd. 
Schaumburg.  IL  60195 
(312)  8434700 

SPRINGFIELD 
NEWARK  ELECTRONICS 
1039  Wabash  Ave. 
Springfield,  IL  62704 
(217)  7674972 

URBANA 

BELL  INDUSTRIES 
730  W.  KillarneySt. 
Urbane.  IL  61801-1015 
(217)328-1077  FAX  2 17-326-1  KB 
WILLOWBROOK 
NEWARK  ELECTRONICS 
7656  Plaza  Ct. 
Willowbrook.  IL  60521 
(312)  789-9444 
WOOD  DALE 

HALL-MARK  ELECTRONICS 

210  Miltel  Or. 

Wood  Date.  IL  60191-1120 

1312)  660-3800  TWX  910461-0165 


INDIANA 

FORT  WAYNE 

BELL  INDUSTRIES 

3433  E.  Washington  Blvd. 

Ft.  Wayno.  IN  46803-1641 

(219)  423-3422  FAX  219-424-2433 

FORT  WAYNE 

NEWARK  ELECTRONICS 

4410  Executive  Blvd. 

Ft.  Wayne,  IN  46808 

(219)  4844766 

INDIANAPOLIS 

BELL  INDUSTRIES/JIT 

5827  W.  73rd  St. 

Indianapolis.  IN  46278-1743 

(317)  299-5467  FAX  317-2934256 

INDIANAPOLIS 

BELL  INDUSTRIES 

5230  W.  79th  St. 

PO  Box  6885 

Indianapolis.  IN  46268-1604 

(317)  8754200  FAX  3174754219 

INDIANAPOLIS 

HALL-MARK  ELECTRONICS 

4275  W.  96th  St. 

Indianapolis.  IN  46268-1113 

(317)  8724875 

INDIANAPOLIS 

NEWARK  ELECTRONICS 

5650  W.  65th  St. 

Indianapolis.  IN  46278 

(317)  872-7070 

INDIANAPOLIS 

PIONEER 

6406  Castleplace  Dr. 
Indianapolis.  IN  462S0-1914 
(317)  649-7300  TWX  610-260-1794 
FAX  317442-5993 

MERRtLLVILLE 
NEWARK  ELECTRONICS 
6315  Virginia  St. 
Merrillvillo.  IN  46410 
(312)  766-5059 
SPEEDWAY 

NEWARK  ELECTRONICS 
1331  W.  2SUI  St. 
Indianapolis.  IN  46208 
(317)  926-7050 


IOWA 

BETTENDORF 
NEWARK  ELECTRONICS 
2435Kimt>er1yRd. 
Bollendorf.  IA  52722 
(319)  359-3711 

CEDAR  RAPIDS 
BELL  INDUSTRIES 
1221  Park  Pi.  Northeast 
Cedar  Rapids.  IA  62402-1281 
(319)  3954730 

CEDAR  RAPIDS 
NEWARK  ELECTRONICS 
4403  First  Ave.  Southeast 
Cedar  Rapids.  IA  52402 
1319)  393-3800 

DES  MOINES 
NEWARK  ELECTRONICS 
8960  Hickman  fld. 
Des  Moines.  IA  50322 
(515)  2764670 
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KANSAS 

LENEXA  (KANSAS  CITY) 

HALL-MARK  ELECTRONICS 

10809  Lakevlew  Or. 

Lone»a.KS  66219-1329 

(913)  688-4747  TWX  910460-8767 

OVERLAND  PARK 

NEWARK  ELECTRONICS 

6701WS4thS1. 

Overland  Perk.  KS  66202 

(913)  677-0727 

WICHITA 

NEWARK  ELECTRONICS 
221  S.  Broadway 
Wichita.  K3  67202 
(310)  207-0759 

KENTUCKY  ~ 
LOUISVILLE 

NEWARK  ELECTRONICS 
1313  Lyndon  Lane 
Loulevlllo,  KY  40222 
(602)4234280 

LOUISIANA 
ItETAUUE 

NEWARK  ELECTRONICS 
1421  N.  Causeway  Blvd. 
Metalflo.  LA  70O01 
(304)0304771 

MARYLAND 

BALTIMORE 

ALLIED  ELECTRONICS 

4239  26th  Am..  Suite  110 

Merlow  Height*.  MD  20740-1710 

(301)4230161 

BALTIMORE 

ALLIED  ELECTRONICS 

10240  Old  Columbia  Rd. 

Columbia.  MD  21045-1218 

(301)  3S1-1SS0 

BALTIMORE 

HALL-MARK  ELECTRONICS 
10240  Old  Columbia  Rd. 
Columbia.  MD  21040-1210 
(301)  SSO-9800  TWX  710-862-1907 

CKEVIRir 

NEWARK  ELECTRONICS 
0011  Kenllworth  Ave. 
Riverdala.  MD  20737 
(301)864-1060 
COLUMBIA 

NEWARK  ELECTRONICS 
9150  Rumsey  Rd. 
Columbia.  MD  21045 
(301)964-4462 
ELLICOTT  CITY 
NEWARK  ELECTRONICS 
8720  Town  A  Country  Blvd. 
Etllcotl  City.  MD  21043 
(301)461-2390 

GAfTHERSBURO 

PIONEER 
9100  Galther  Rd. 
Geltheraburg.  MD  20877-1422 
(301)  921-0660  TWX  710-828-0949 
FAX  301-921-4295 
RIVERDALE 

NEWARK  ELECTRONICS 
9711  Sarvis 
Riverdala,  MD  20737 
(301)  6994880 


MASSACHUSETTS 
BILLERICA 

HALL-MARK  ELECTRONICS 
6  Cook  St. 

Blllerlca,  MA  01821-6036 
(617)  935-9777.  (617)  867-0902 
TWX  710-340-0617 
BOSTON 

ALLIED  ELECTRONICS 
Colonial  Plaza 
25  Lowell  St. 

Wilmington.  MA  01687-3260 

(617)  9424190 

BOSTON 

SEMI  DICE  INC. 

24  Norfolk  Ave. 

South  Eatton.  MA  02375-1156 

(617)2384344  TWX  510-100-1693 

LEXINGTON 

PIONEER 

44  Hartwell  Ave. 

Lexington.  MA  02173-3103 

(617)  861-9200  TWX  710-320-8617 

FAX  617-863-1547 

METHUEN 

NEWARK  ELECTRONICS 
248  Pleasant  St. 
Methuen.  MA  01844 
(617)  888-1837 

NORWOOD 

QERBER  ELECTRONICS 
128  Carnegie  Row 
Norwood.  MA  02062-5010 
(817)  769-6000  TWX  710-338-1987 
FAX  617-762-8931 
SPRINGFIELD 
NEWARK  ELECTRONICS 
1111  Elm 

W  Springfield.  MA  01089 

(413)789-5891 

WALPOLE 

NEWARK  ELECTRONICS 
S.  Park— Rt.  1 
Walpole,  MA  02081 
(617)  680-1071 
WALTHAM 

NEWARK  ELECTRONICS 

282  Moody  St. 

Waltham.  MA  02154 

(017)  894-6090 

WE8T80ROUQH 

FUTURE  ELECTRONICS 

133  Flandera  Rd. 

Weatborough,  MA  01981-1809 

(617)366-2400  TWX  710-390-0374 

TLX  795-917  FAX  617-366-1195 

WOBURN 

NEWARK  ELECTRONICS 
10  G  Roeaaler  Rd. 
Wobum.  MA  01801 
(617)  935-6350 
WOR  CHESTER 
NEWARK  ELECTRONICS 
12  Harvard  St. 
Worchester.  MA  01609 
(617)757-4515 

MICHIGAN 
ANN  ARBOR 

BELL  INDUSTRIES 

614  Phoenix  Dr. 

Ann  Arbor.  Ml  48106-2202 

(313)971-9093  FAX  313-971-9178 

DETROIT 

NEWARK  ELECTRONICS 
20700  Kubbell  Ave. 
Oak  Park.  Ml  48237 
(313)  967-0600 


MICHIGAN  continued 
GRAND  RAPIDS 
PIONEER 

4505  Broadmoor,  Southeast 

Grand  Rapidi.  Ml  49508-5365 

(618)  693-1600  TWX  510-600-8456 

FAX  616498-1831 

KENTWOOD 

NEWARK  ELECTRONICS 

1876  View  Pond 

Grand  Raplda,  Ml  49508 

(618)4554190 

LIVONIA 

PIONEER 

13485  Slumlord 

Livonia.  Ml  48150-1998 

(313)  525-1800  TWX  810-2424271 

FAX  313-427-3720 

OAK  PARK 

NEWARK  ELECTRONICS 
P.O.  Box  37810 
Oak  Park.  Ml  48237 
(313)  968-2950 
SAGINAW 

NEWARK  ELECTRONICS 
3150  Christy  Way 
Saginaw.  Ml  48603 
(517)  7994480 
SOUTH  FIELD 
NEWARK  ELECTRONICS 
24555  Soulhlleld  Rd. 
Soutlifleld.  Ml  46075 
(313)  5574272 

MINNESOTA 
BLOOMINQTON 
HALL-MARK  ELECTRONICS 
10300  Valley  View  Rd..  Suite  101 
Edan  Prairie.  MN  553444540 
(612)  941-2600  TWX  910-5764187 
FAX  910-576-3187 
BURNSVILLE 
NEWARK  ELECTRONICS 
101  W.  Bumsvillo  Pkwy. 
Burnsvllle.  MN  55337 
(812)884-2799 
CRYSTAL 

NEWARK  ELECTRONICS 
7000  571h  Ave.  North 
Crystal.  MN  99426 
(612)  535-4280 
MINNEAPOLIS 
NEWARK  ELECTRONICS 
336  Hoover  St..  Northeast 
Minneapolis,  MN  55413 
(612)3314390 

MINNETONKA  (TWIN  CITIES) 
PIONEER 

10203  Bren  Rd..  East 
Minnelonka.  MN  55343-9072 
(612)  935-5444  TWX  910-576-2736 
FAX  012435-1921 
ST.  PAUL 

NEWARK  ELECTRONICS 
1939  W.  County  Rd.,B-2 
St.  Paul.  MN  55113 
(612)  631-2683 

MISSISSIPPI 
JACKSON 

NEWARK  ELECTRONICS 
6049  Rlcgewood  Rd. 
Jackson.  MS  39211 
(601)956-3934 


MISSOURI 
BLUE  SPRINGS 
NEWARK  ELECTRONICS 
t132Luttrell 

Blue  Springs.  MO  64015 
(816)  2284170 

CRESTWOOD 
NEWARK  ELECTRONICS 
9705  Watson  Rd. 
Creatwood.  MO  63126 
(314)821-7468 
EARTH  CITY 

HALL-MARK  ELECTRONICS 
13750  Shoreline  Dr. 
Earth  City.  MO  83045-1224 
(314)  291-5350.  (BOO)  329-1021 
TWX  910-7624672 

INDEPENDENCE 
NEWARK  ELECTRONICS 
13720  E.  42nd  Terrace 
Independence.  MO  64055 
(816)  4784561 
ST.  LOUIS 

NEWARK  ELECTRONICS 
6050  McDonnell  Rd. 
St.  Louis.  MO  63134 
(314)  521-5066 

NEBRASKA 
OMAHA 

NEWARK  ELECTRONICS 
7363  Pacilic  SI. 
Omaha.  NE  68114 
(402)  392-1221 

NEW  HAMPSHIRE 
NASHUA 

NEWARK  ELECTRONICS 
II  Northeastern  Blvd. 
Nashua.  NH  03062 
(803)  863-9110 

NEW  JERSEY 
BORDENTOWN 
NEWARK  ELECTRONICS 
146  Rt.  130 

Bordentown,  NJ  08505 

(609)298-4490 

EDISON 

NEWARK  ELECTRONICS 
146  Rt.  1  North 
Edison.  NJ  06817 
(201)  972-2103 
FAIRFIELD 

HALL-MARK  ELECTRONICS 

107  Fairfield  Rd. 

Fairfield.  NJ  07006-2412 

(201)  S79-4419  TWX  710-734-4409 

FAX  2014824389 

FAIRFIELD 

NEWARK  ELECTRONICS 
277  Fairfield  Rd. 
Fairfield.  NJ  07006 
(201)  6624300 
FAIRFIELD 

NU-HORIZONS  ELECTRONICS 

CORP. 

256  Route  48 

Fairfield.  NJ  07006-2324 

(201)  6624300  FAX  2014824398 

MT.  LAUREL 

ALLIED  ELECTRONICS 

11000  Midlantic  Dr.,  Suite  9 

Ml.  Laurel.  NJ  06054-1521 

(809)  234-7789  TWX  7104404660 

MT.  LAUREL 

HALL-MARK  ELECTRONICS 

nooo  Midlantic  Or. 

Ml.  Laurel.  NJ  08054-1521 

(609)  235-1900  TWX  710-940-0660 
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PMi>  AUTHORIZED 

DISTRIBUTORS 


I'rc-cisitm  Monolithies  inc. 


NORTH  AMERICA 


NEW  JERSEY  continuM 
PENNSAUKEN 
NEWARK  ELECTRONICS 
5434  KrinQ  Ave. 
Penntauken.  NJ  08109 
(609)  683-9490 
PINE  BROOK 
PIONEER 
45  Roils  46 

Pine  Brook.  NJ  07059-9607 
(201)  575-3510  TWX  710-734-4382 
FAX  201-575-3454 

SPRINGFIELD 
NEWARK  ELECTRONICS 
1089  Cedar  Avo. 
Union,  NJ  070B3 
(201)851-2290 


NEW  MEXICO 
ALBUQUERQUE 

BELL  INDUSTRIES 
11728  Linn.  Northeast 
Albuquerque.  NM  87123-2943 
(505)  292-2700  TWX  910-989-0625 

ALBUQUERQUE 
HALL-MARK  ELECTRONICS 
UnilB 

2715  Broadbent  Parkway.  Northeast 
Albuquerque.  NM  87107-1809 
(505)  344-2454  FAX  602-437-1207 

ALBUQUERQUE 

NEWARK  ELECTRONICS 

4207  Montgomery  Blvd..  Northeast 

Albuquerque.  NM  87109 

(SOS)  883-8181 


NEW  YORK 
ALBANY 

NEWARK  ELECTRONICS 
4  Avis  Or. 
Latham.  NY  12110 
(518)  7834983 

BINGHAMTON 

PIONEER 

68  Corporate  Dr. 

Binghamton,  NY  13904 

(607)  722-9300  TWX  510-252-0893 

FAX  607-748-3238 

BUFFALO 

NEWARK  ELECTRONICS 
127S  Harlem  Rd. 
Ctoektowega.  NV  14206 
(716)  B92-4321 
BUFFALO 

SUMMIT  DISTRIBUTORS,  INC. 

916  Main  St. 

Bulfalo.  NY  14202-H96 

(716)  687-2800 

FAX  716-887-2899/2866 

FAIRPORT 

PIONEER 

840  FeirDOrt  Park 

Fairporl,  NY  14450-2012 

(716)  381-7070  TWX  510-253-7001 

FAX  716-391-S9S5 

FARH1NODALE 

NEWARK  ELECTRONICS 
40  Fulton  St. 
Fermingdele,  NY  11735 
(SI6)  420-8840 
FISKKILL 

NEWARK  ELECTRONICS 
RR1.  Box  50  Plaza  9 
Frshkill,  NY  12524 
(914)  896-4190 


NEW  YORK  continued 
LONG  ISLAND 
ALLIED  ELECTRONICS 
328  Willis  Ave. 
Mlneola.  NY  11501-1513 
(516)  248-2360 
LONG  ISLAND 
HALL-MARK  ELECTRONICS 
101  Comae  St 

Ronkonkoma.  NY  11779-6931 
(518)  737-0800  TWX  510-222-0162 
LYNBROOK 

NEWARK  ELECTRONICS 

8  Freer  SI.  Suite  403  Willow  Bldg. 

Lynbrook.  NY  11563 

(516)  887-1177 

NORTH  AHITYVIUE 

NU-HORIZONS  ELECTRONICS 

CORP. 

6000  New  Horizons  Blvd. 
North  Amilyvitle.  NY  11701-1130 
(516)  2284000.  (800)  645-9222 
TLX  221-228  FAX  518-2264262 

ROCHESTER 
ALLIED  ELECTRONICS 
80  Rockwood  PI. 
Rochester.  NY  14610-2614 
(716)  244-9449 

ROCHESTER 
NEWARK  ELECTRONICS 
3000  S.  Wlnlon  Rd. 
Rochester.  NY  14623 
(716)  427-8220 
SYRACUSE 

NEWARK  ELECTRONICS 
6443  Ridings  Rd. 
Syracuse.  NY  13206 
(315)  437-6611 

WOODBURY  (LONG  ISLAND) 
PIONEER 

60  Crossways  Park.  West 
Woodbury.  NY  11797-2019 
(5161921-8700  TWX  510-221-1873 
TLX  221-676  FAX  516421-2143 


NORTH  CAROLINA 
CHARLOTTE 
NEWARK  ELECTRONICS 
S501  Executive  Center  Dr. 
Charlotte.  NC  28212 
(704)  535-5650 

CHARLOTTE 
PIONEER 

9801-A  Southern  Pine  Blvd. 
CharkJtle.  NC  28210-5562 
(704)  527-8188  TWX  8104214366 
FAX  704-5224564 

GREENSBORO 
NEWARK  ELECTRONICS 
2301  Meadowview  Rd. 
Greensboro,  NC  27407 
(9191  292-2740 

HIGH  POINT 

NEWARK  ELECTRONICS 

101  S.  Main 

High  Point.  NC  27260 

(919)  8844881 

RALEIGH 

ALLIED  ELECTRONICS 
5237  North  Blvd. 
Raleigh.  NC  27604-2925 
(919)  878-5845 


NORTH  CAROLINA  continued 
RALEIGH 

HALL-MARK  ELECTRONICS 
5237  North  Blvd. 
Raleigh.  NC  27604-2925 
1919)  872-0712  TLX  323-090 
RALEIGH 

NEWARK  ELECTRONICS 
3301  Women's  Club  Dr. 
Raleigh.  NC  27612 
(919)  781-7677 


OHIO 
AKRON 

NEWARK  ELECTRONICS 
430  Grant  St. 
Akron.  OH  44311 
(2181  3744987 

BEDFORD  HEIGHTS 
NEWARK  ELECTRONICS 
24816  Aurora  Rd. 
Bedlord  Heights.  OH  44146 
1216)  439-4383 
CANTON 

Contact  Newark  Electronics 

Akron.  OH 

CINCINNATI 

NEWARK  ELECTRONICS 

7  Triangle  Park 

Cincinnati.  OH  45246 

(S13|  7714700 

CLEVELAND 

PIONEER 

4800  E.  131  St  St 

Cleveland.  OH  44105-7132 

(216)587-3600  TWX  610-422-2210 

FAX  216-587-3906 

CORP.  FAX  216-663-1004 

COLUMBUS 

NEWARK  ELECTRONICS 
4900  Reed  Rd. 
Columbus.  OH  43220 
(614)  4514002 

DAYTON  —  INDUSTRIAL 

BELL  INDUSTRIES 

444  Windsor  Park  Or. 

Dayton.  OH  45459-4111 

(513)  4354660  FAX  513-4354765 

DAYTON  -  MILITARY 

BELL  INDUSTRIES 

116  Westpsrk  Rd. 

Dayton.  OH  45459-4813 

(S13)  4344231  FAX  513-4344103 

DAYTON 

NEWARK  ELECTRONICS 
3832  S.  Kellonn 
Dayton.  OH  4S439 
(513)  2944980 
DAYTON 
PIONEER 

4433  Interpoinl  Btvd- 

P.O.Box291 

OaylOn.  OH  45424-0291 

1513)  238-9900 

TWX  610-459-162271623 

FAX  513-2364133 

EUCLID 

NEWARK  ELECTRONICS 
4600  Euclid  Avo. 
Cleveland.  OH  44103 
(2I6|  3914330 

GRANDVIEW 

NEWARK  ELECTRONICS 
13S0  W.5lh  Avo. 
Columbus.  OH  43212 
(614)  4814141 


OHIO  continued 
SOLON 

HALL-MARK  ELECTRONICS 
5821  Harper  Rd. 
Solon.  OH  44139-1832 
(216)349-4632  FAX  216-248-4603 

SPRINODALE 

NEWARK  ELECTRONICS 
230  Northland  Blvd. 
Cincinnati.  OH  45246 
(513)  7724181 
STRONQSVILLE 
NEWARK  ELECTRONICS 
17534  Royalton  Rd. 
Slrongsville.  OH  44136 
(216)  587-1723 

TOLEDO 

NEWARK  ELECTRONICS 
5660  Soulhwyck  Blvd. 
Toledo.  OH  43614 
(216)8664404 

WARRENSVILLE  HEIGHTS 
NEWARK  ELECTRONICS 
19201  Cranwood  Pkwy. 
Warrensvlllo  Heights.  OH  44126 

1216)  587-1700 
WORTHINQTON 
HALL-MARK  ELECTRONICS 
400  E.  Wilson  Brtdgo  Rd.,  Suite  "ST 
Worthington.  OH  43085-2363 
(614)  688-3313  TWX  910-3804744 

YOUNGSTOWN 

NEWARK  ELECTRONICS 
5437  Mahoning  Ave. 
Youngstown.  OH  44515 
(218)  7934134 


OKLAHOMA 
OKLAHOMA  CITY 
NEWARK  ELECTRONICS 
3131  N.  McAlttiur 
Oklahoma  City.  OK  74112 
(405)4954000 

TULSA 

HALL-MARK  ELECTRONICS 

2510  N.  Hemlock  Lano 

Broken  Arrow.  OK  74012-1125 

(918)  251-1663 

In  State  1400427-9989 

TULSA 

NEWARK  ELECTRONICS 
8740  E.  11th 
Tulsa.  OK  74112 
(918)  832-7004 


OREGON 
PORTLAND 

ANTHEM  ELECTRONICS,  INC. 

9705  S.W.  Sunshino  Ct.  Suite  600 

Beaverton.  OR  97005-4174 

(503)643-1114  TWX  510-1004940 

PORTLAND 

BELL  INDUSTRIES 

6024  S  W.  Jean  Rd. 

Lake  Oswego.  OR  97034-5390 

(503)241-4115  TWX  910-455-8177 

FAX  503435-4095 

PORTLAND 

NEWARK  ELECTRONICS 
11300  N.w.  Halsey 
Portland.  OR  97220 
(503)  2S74741 
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Precision  Alorio]  i  t  li  ics  Inc. 


AUTHORIZED 
DISTRIBUTORS 

NORTH  AMERICA 


PENNSYLVANIA 
ALLEHTOWN 

NEWARK  ELECTRONICS 
1401  N.-Ce«er  Crest  Blvd. 
Allenlown.  PA  18104 
(215)434-7171 

CORNEU  HE1QHT8 
NEWARK  ELECTRONICS 
3466  Progress  Or. 
ComM  Heights,  pa  19020 

(215)  245-7300 
ERIE 

Contact  Newark  Electronics 
Youngstown.  PA  Olllco 

HORSHAM 

PIONEER 

261  Gibraltar  Rd. 

Horsham.  PA  19044-2377 

(2151 674-4000  TWX  610-669-6779 

FAX  215474-3107 

KINO  OF  PRUSSIA 

NEWARK  ELECTRONICS 

19SAIIendaloRd. 

King  si  Prussia.  PA  19406 

(215)265-0933 

MALVERN 

NEWARK  ELECTRONICS 

268  Lancaster  Ave. 
Malvern.  PA  19355 
(215)  206-5522 
MeCANOLESS 
NEWARK  ELECTRONICS 
9S00McKnlgMRd. 
Pittsburgh.  PA  15237 
(412)367-2790 
PITTSBURGH 
ALLIED  ELECTRONICS 
8150  Perry  Hwy..  Suite  303 
Pittsburgh.  PA  15237-5232 
(412)  387-4124 

PITTSBURGH 
NEWARK  ELECTRONICS 
1800  Pine  Hollow  Rd. 
McKees  Rock.  PA  15136 
(412)  331-2400 
PITTSBURGH  METRO 
NEWARK  ELECTRONICS 
5737  Library 
Pittsburgh.  PA  15234 
(412)3434090 

PITTSBURGH 
PIONEER 

269  Kappa  Dr. 
Pittsburgh.  PA  15238-2617 

(412)  782-2300  TWX  710-705-3122 

FAX  412-963-8255 

VERSAILLES 

NEWARK  ELECTRONICS 

3203  Maryland  Ave. 

N.  Versailles.  PA  15137 

(412)  824-8504 

RHODE  ISLAND 
CRANSTON 

NEWARK  ELECTRONICS 
1020  Perk  Ave. 
Cronslon.  Rl  02910 
(401)  943-3340 

SOUTH  CAROLINA 
GREENVILLE 
NEWARK  ELECTRONICS 
150  Executive  Center  Or. 
Greenville.  SC  29615 
(603)  268-9810 


TENNESSEE 
KNOXVILLE 

NEWARK  ELECTRONICS 
6500  Papermlll  Rd. 
Knoxville.  TN  37919 
(815)  588-6493 
MEMPHI8 

NEWARK  ELECTRONICS 

2500  Ml.  Horlah  Rd. 

Memphis.  TN  38113 

(901)365-8060 

NASHVILLE 

BELL  INDUSTRIES 

1861  Murfroesboro  Rd..  Sulto  G 

Nashville,  TN  37217-2930 

(815)  367-4400  FAX  615-387-4540 

NASHVILLE 

NEWARK  ELECTRONICS 
2740  Old  Elm  Hill  Pike 
Nashville.  TN  37214 
(615)  883-2482 

TEXAS 
AUSTIN 

ALLIED  ELECTRONICS 
12211  Technology  Blvd. 
Austin.  TX  78727 
(600)433-5700 
AUSTIN 

HALL-MARK  ELECTRONICS 

12211  Technology  Blvd. 

Austin,  TX  78727-8102 

(512)  258-8848  TWX  910-847-2031 

FAX  214-490-6419 

AUSTIN 

NEWARK  ELECTRONICS 

3836  Executive  Center  Dr. 

Austin,  TX  76731 

(512)338-0287 

AUSTIN 

PIONEER 

1826-D  Kramer  Lane 

Austin,  TX  76758-4299 

(512)  835-4000  TWX  910-874-1323 

FAX  512435-9829 


ALLIED  ELECTRONICS 
11420  Pagemlll  Rd. 
Oallas,  TX  75243-5508 
(214)  553-4370 

DALLAS 

BELL  INDUSTRIES 
1701  Greenville  Ave.,  4306 
Richardson.  TX  75081-1944 
(214)  690-0466 

DALLAS 

HALL-MARK  ELECTRONICS 

11420  Pagemill  Rd. 

Dallas.  TX  75243-5548 

(214)  553-4300  TWX  910-860-5577 

DALLAS 

NEWARK  ELECTRONICS 
10727  Piano  Rd. 
Irving,  TX  75238 
(214)340-3585 


13710  Omega  Rd. 

Oallas.  TX  75244-4518 

(214)  386-7300.  (800)  492-9027 

TWX 91 0-660-5563 FAX  214 -490-64 19 


TEXAS  continued 
EL  PASO 

NEWARK  ELECTRONICS 
Suits  219 

1155  Westmoreland  St. 
El  Paso.  TX  79925 
(815)  778-5322 
FT.  WORTH 

ALLIED  ELECTRONICS 
401  E.  8th  St. 
Ft.  Worth,  TX  76102-5598 
(817)  338-5401 

FT.  WORTH 

NEWARK  ELECTRONICS 
3024  E.  Seminary 
Ft.  Worth.  TX  76119 
(817)  589-1295 

GARLAND 

NEWARK  ELECTRONICS 
707WMySI. 
Garland.  TX  75042 
(2M)  494-5911 

HOUSTON  METRO 
Contact  Newark  Electronics 
Pasadena.  TX 
HOUSTON 

ALLIED  ELECTRONICS 
SOOOWestgten 
Houston.  TX  77083 
(800)  433-5700 
HOUSTON 

HALL-MARK  ELECTRONICS 

(WOOWestglen 

P.O.  Box  42190 

Houston.  TX  77063-8485 

(713)781-6100  TWX  910-881-2711 

HOUSTON 

NEWARK  ELECTRONICS 

8902  Karwln  Dr. 

Houston.  TX  77036 

(713)  783-1629 

HOUSTON 

PIONEER 

5853  Poinl  West  Dr. 

Houston.  TX  77036-2611 

(713)988-6555  TWX  910-681-1606 

FAX  713-986-1732 

IRVING 

NEWARK  ELECTRONICS 
3317  Finley  Rd.  —  184 
Irving.  TX  75062 
(214)  594-6621 
OAK  FOREST 
NEWARK  ELECTRONICS 
10303  Northwest  Fwy. 
Houston.  TX  77092 
(713)  688-6848 
PASADENA 

NEWARK  ELECTRONICS 
9525  Kaly  Fwy. 
Houston.  TX  77024 
(713)  827-0630 
RICHARDSON 
NEWARK  ELECTRONICS 
777  S.  Central  Expy. 
Richardson.  TX  75080 
(214)  235-1998 

SAN  ANTONIO 
NEWARK  ELECTRONICS 
4702  West  Ave. 
San  Antonio.  TX  78213 
(512)  349-2641 


UTAH 

SALT  LAKE  CITY 

ANTHEM  ELECTRONICS 

1279  W.  2200,  South.  Suite  A 

Salt  Like  City.  UT  84119-1456 

(601)973-8555  TWX  910-925-5273 

SALT  LAKE  CITY 

BELL  INDUSTRIES 

3639  W.  2150.  South 

Salt  Lake  City.  UT  84120-1286 

(801)  972-8969  TWX  910-925-5688 

SALT  LAKE  CITY 

NEWARK  ELECTRONICS 

1399  S.  Seventh  East  St. 

Salt  Uke  City.  UT  84105 

(801)464-6611 

VIRGINIA 

ARLINGTON 

NEWARK  ELECTRONICS 

3665  Wilson  Ave. 

Arlington.  VA  22203 

(703)  522-0880 

RESTON 

NEWARK  ELECTRONICS 
3665  Wilson  Ave. 
Arlington.  VA  22203 
(703)  522-0680 
RICHMOND 

NEWARK  ELECTRONICS 
19tO  Byrd  Ave. 
Richmond.  VA  23230-3034 
(604)282-5671 

VIRGINIA  BEACH 
NEWARK  ELECTRONICS 
700  Baker  Rd. 

Virginia  Beach.  VA  23462-1003 
(804)  499-0719 

WASHINGTON 
BELLEVUE 

NEWARK  ELECTRONICS 
13256  N.E.20th 
Bellevue.  WA  96005 
(206)  641-8809 
REDMOND 

ANTHEM  ELECTRONICS 
5020-148th  Ave..  Northeast 
Redmond.  WA  98052-5171 
(206)  881-0850  TWX  910-9984118 
SEATTLE 

ALLIEO  ELECTRONICS 
250  N.W.  39th  St. 
Seattle.  WA  98107-4937 
(206)547-2827 

SEATTLE 

BELL  INDUSTRIES 

1900-132nd  Ave..  Northeast 

Bellevue.  WA  98005-2288 

(208)  747-1515  TWX  910-443-2482 

FAX  206441-6082 

SPOKANE 

NEWARK  ELECTRONICS 
S.  25  Bleke 
Spokane.  WA  99216 
(509)922-5007 

WEST  VIRGINIA 
CHARLESTON 
NEWARK  ELECTRONICS 
1033  Ouorrier  St. 
Charleston.  WV  25301 
(304)345-6505 
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WISCONSIN 

TAIIilU 
LAHAUA 

BROWN  DEER 

ALBERTA 

NEWARK  ELECTRONICS 

FUTURE  ELECTRONICS.  INC. 

8707  N.  Port  Washington  Rd. 

5809  MacLeod  Trail  South,  Unit  109 

Milwaukee.  Wl  53217 

Calgary.  Alberta  T2H  0J9 

(414)  351-6031 

(403)  259-6409  TWX  610-621-1927 

GREEN  BAY 

ALBERTA 

NEWARK  ELECTRONICS 

SAYNOR  VARAH 

1S40  Capitol  Dr. 

9525-41  Ave. 

Green  Bay.  Wl  54303 

Edmonton,  Acbena  TOE  5X7 

(414)  404-1400 

(403)  461-2222  TWX  403-461-7319 

MADISON 

BRITISH  COLUMBIA 

NEWARK  ELECTRONICS 

FUTURE  ELECTRONICS.  INC. 

6414  Copps  Ave. 

1695  Boundry  Rd. 

Madison.  Wl  53716 

Vancouver.  British  Columbia 

(505)  221-4735 

V5K  4X7 

(604)204-1166 

MILWAUKEE 

BELL  INDUSTRIES 

BRITISH  COLUMBIA 

W  227  NorUl  913  W  Mound  Aw. 

INTEK  ELECTRONICS  LTD. 

Waukesha.  Wl  531S6 

6830  Burlington  Ave. 

(414)  547-8979  FAX  414-547-S547 

Bumabyano  M3J  1Z3 

(416)  638-4771  FAX  416-638-2936 

MILWAUKEE 

NEWARK  ELECTRONICS 

10012  W.  Capitol  Dr. 

Milwaukee.  Wl  53222 

14M)  453-1100 

NEW  BERLIN 

HALL-MARK  ELECTRONICS 

16255  W.  Lincoln  Ave. 

New  Berlin.  Wl  53151-2834 

(414)  797-7844  (800)  242-5252 

TLX  323-062  FAX 414-797-9259 

AUTHORIZED 
DISTRIBUTORS 


NORTH  AMERICA 


CANADA  continued 

CANAOA  continued 

EDMONTON 

OUEBEC  CITY 

FUTURE  ELECTRONICS 

FUTURE  ELECTRONICS 

5312  Calgary  Trail 

1990  boul  Charest  O..  Suito  190 

Edmonton.  Alberta  T6H  4J8 

St.  Foy.  Ouebec  OIN  4KB 

(403)  438-2858 

(418)  682-5775 

LONDON 

QUEBEC 

NEWARK  ELECTRONICS 

NEWARK  ELECTRONICS 

203  Consortium  Ct. 

5875  Andover 

London.  Ontario  N6E  2S6 

Ville  Mont-Royal.  Ouebec  H4T  1KB 

(519)  685-4230 

(514)  738-4468 

MISSISSAUGA 

QUEBEC  (MONTREAL) 

NEWARK  ELECTRONICS 

FUTURE  ELECTRONICS.  INC. 

1625  Trimly  Dr. 

237  Hymus  Blvd. 

Mississauga,  Ontario  LST  1K4 

Pointe  Claire,  Ouebec  H9R  5C7 

(416)  6754351 

(514)  694-7710  TWX  610-421-3251 

ONTARIO 

WINNIPEG 

FUTURE  ELECTRONICS.  INC. 

FUTURE  ELECTRONICS 

Baxter  Centre.  1050  Baxter  Rd. 

106  King  Edward*  St.  East 

Ottawa.  Ontario  K2C  3P2 

Winnepeg.  Manitoba  R3H  0N8 

(613)  820-6313  TWX  610-563-1697 

(204)  786-3075 

ONTARIO 

FUTURE  ELECTRONICS.  INC. 

82  St.  Regis  Crescenl  N. 

Downsview,  Ontario  M3J  1Z3 

(416)  638-4771  FAX  416-638-2936 

17-10 


pm!) 


iVUmnlithics  Inc. 


SALES  OFFICES 
REPRESENTATIVES 


INTERNATIONAL 


EUROPEAN 
HEADQUARTERS 
BOURNS  AG 
Zugirttrasse  74 
8340  Bear 
Swlfltffland 
Phone:  (H2)  33  33  33 
Teler  668  723 

Fax:  (042)  317  279  i  (042)  319  017 

ARGENTINA 

Nolso  S.R.L. 
V.  Cevollos  239 
(1077)  Buonot  Aires 
Argentina 

Phone.  (43)  5776/0620/0864/2214 
Telex:  22692  Noise  AR 
Fax:  1541)46-4519 

AUSTRALIA 

VSt  Electronics  [Australia)  Pty.  Ltd. 
16  Dickson  Ave. 
Arlarmon.  N  S  W.  2064 
Phone:  102)  439-4655 
Telex:  AA  22646 

AUSTRIA 

tn0.  Otto  Folger 
Elektronische  Qeraele  GmbH 
Generalvertretungen  und  Service 
Blindengasse  36 
1080  Wien 

Phone:  10222)  43  26  39 
Telex:  131  882 
Fax:  (0222)  48  7259 

BENELUX 

Bourns  Benelux  B.V. 

Van  Tuyl  van  Serooskerkestr.  81-65 

P.O.  Box  37 

2270  AA  Voorburg 

Phone:  (070)  87  54  04 

Telex:  32  023 

Fax:  (317)  08  78  230 

DENMARK 

£.  Frils-Mlkkeisen  A/S 
Krogshojvei  51 

2680  Bagsvaerd-Copenhagen 
Phone.  (02)96  6333 
Telex:  15940 
Fax:  (02)  96  61  40 

EASTERN  EUROPE 

Dipl.  ing. 
Gerhard  Stoits 
Nordbahnstrasse  44/15 
1020  Vienna 
Austria 

Phone:  (0222)  24  71  37 
Telex:  134  171 

FINLAND 

OV  Oxxo  AB 
Hoyloamotio  5 
00380  Helsinki 
Phone:  (90)56536  77 
Telex:  125  121 
Fax:  (90)565  37  40 

FRANCE 

Bourns  OHMIC  SA 
21/23  Rue  des  Ardennes 
75019  Paris 

Phone:  11)4003  35  93 
Telex:  230006F 
Fax.  (\)  40  03  36  « 


GERMANY 

Bourns  GmbH 
Breite  Strasse  2 
7000  Stuttgarl  1 
Phone:  (0711)22  93-0 
Telex:  721  556 
Fax:  (0711)2915  68 


GREECE 

Germenls  Co. 
Trade  of  Electronic  Gear 
Arlstotelous  St.  47-49 
P.O.  Box  6209 
lOOtO  Athens 
Phone:  (01)  821  56  25 
Telex:  219 179 

KONG  KONG 

Bourns  Asia  Pacllic  Inc. 
14th  Floor 
Citicorp  Centre 
lewhitlleld  Road 
Causeway  Bay 
Phone:  (852)  570-2171 
Telex:  62953  BAPHK  HX 
Fax:  (652)5664  341 

Components  Agent  Ltd. 
Unit  2301  C-2,  Nan  Fung  Conlre 
296  Castle  Peak  Road,  N  T. 
Phone:  0-4992686 
Telex:  30  396  Comag  HX 
Fax:  (65)204990123 

INDIA 

American  Components,  tnc. 
710  Shakuntla 
59  Nehru  Place 
New  Delhi  110  019 
Phone:  641  7902 
Telex:  (953)  3t6  1615 

American  Components,  Inc. 
141-A  Mlttal  Court.  14tn  Floor 
Nariman  Point 
Bombay  400  021 
Phone:  222  999 
Telex:  (953)  113  855 

IRELAND 

Bourns  Electronics  Limited 
90  Park  St.  Camberley. 
Surrey  GUIS  3NY.  England 
Phone:  (0276)  692392 
Telex:  859  735 
Fax:  (0276)691037 

ISRAEL 

Boran  Technologies  Ltd. 
P.O.  Box  4056 
Petah  Tikva  49130 
Phone:  (23)  924  09  25 
Fax:  (23)92202  38 

ITALY 

Technic  S.r.L. 
Via  Brembo  21 
20139  Milan 
Phone:  (02)56957  46 
Telex:  316  651 
Fax:  (02)  569  21  40 

REGIONAL  OFFICE 

Technic  S.r.L. 
Via  Ipponio  2 
00183  Rome 
Pnone:  (06)  77  63  94 


JAPAN 

Nippon  PMI  Corporation 
2nd  Floor.  Time  24  Building 
•35  Tansu-cho 
Shinjuku-ku.  Tokyo 
162  Japan 

Phone:  (03)260-1411 
Tolex:  1761)  27632 
Fax:  61-3-260-7100 

KOREA 

Yeonll  A  Company.  Ltd. 
0498-5  Dapsipri-Dong 
Dongdaemoon-ku.  Seoul 
Phone:  (02)244-7492 
Telex:  K  24  123  Yeonll 
Fax:  (622)  21  27  206 

NEW  ZEALAND 

VSI  Electronics  INZ) 
7  Beazley  Ave. 
Penrose.  Auckland  5 
Private  Bag.  New  Market 
Phone:  (9)596  603 
Telex:  60340  VSI  NZ 

NORWAY 
A/S  Kjell  Bakke 
Ovre  Raolingsvei  20 
P.O.  Box  24 
2001  Lillestrom 
Phone:  (06183  20  00 
Telex.  19  407 
Fax:  (06)  63  14  55 

PORTUGAL 

Telectra  S.A. 

Rue  Rodrigo  da  Fonseca  103 
P.O.  Box  2531 
1113  Llsboa  Codex 
Phone:  (01)68  60  72 
Telex:  42  627 

SINGAPORE 

Bouins  Asia  Pacific  Pte.  Ltd. 
Paradlz  Centre 
1  Selegie  Road 
Singapore,  0718 
Phone:  (65)339331 
Telox:  RS  34632  Bourns 
Fax:  (65)339-1116 
Oynamar  International  Ltd. 
12,  Lorong  Bakar  Batu.  »65-l1 
Kolam  Ayer  Industrial  Park 
Singapore  1534 
Phone:  165)  747-6168 
Telex:  RS26283  Dynama 

SOUTH  AFRICA 
DUNSWART 

Allied  Electronic  Components 

(Pty  I  Ltd. 

PO  Box  6387 

Dunswarl  1508 

Phone  52  66  61 

Telex:  425  559 

Fax:  692  17  00 


SPAIN 

Selco  S.A. 

Paseo  de  la  Habena.  190 
26036  Madrid 
Phone:  (SI)  405  42  13 
Telex:  45  456 
Fax:  (91)259  2284 

REGIONAL  OFFICES 
BARCELONA 

Selco  S.A. 

Gran  via  de  las  cones  catalanas, 
1176  bis 

060020  Barcelona 
Phono:  (93)  314  74  11 

BILBAO 
Selco  S.A. 

Rodriguez  Arias.  71  bis 
46013  Bilbao 
Phone:  94-442  46  00 

SWEDEN 

Bexab  Eiektronik  AB 

P.O.  Box  516 

18325  Taeby 

Phone:  (06)766  0560 

Telex:  10  912 

Fax:  (08)  758  19  29 

SWITZERLAND 
Bourns  (Schwelz)  AG 
Zugorstrasse  74 
6340  Baar 

Phone:  (042133  33  33 
Telex:  668  722 

Fax:  (042)  31  90  17  1  (042)  31  72  79 
TAIWAN 

Morrlhan  International  Corporation 

8F-5  Sun  Plaza 

No.  57  Fu-Hslng  N.  Road 

Taipei,  Taiwan,  R.O.C. 

Phone:  (02I  752  2200 

Telex:  (785)  20  422  Morrihan 

Fax:  6642-741-4690 

TURKEY 

NEL  Eleklronik 
SumerSokak  No.  42/1 
08440  Yenisehlr-Ankara 
Phone:  (04)  230  15  10 
Telex:  42  229 
Fax:  (04)23023  01 

REGIONAL  OFFICE 

NEL  Eiektronik 
Inonu  Cad  Dumen  Sokak  1/15 
80090  Taksim-lstanbul 
Phone:  (01)  144  06  36 
Telex:  24  549 

UNITED  KINGDOM 

Bourns  Eleclronics  Ltd. 
90  Park  St. 
Cemberley 
Surrey.  GU15  3NY 
Phone  10276)692  392 
Telex:  659  735 
Fax:  (0278)  691  037 

YUGOSLAVIA 

Jugomineral 

Sektor  inozomna  zastupstva 
llica  34/fl 
P.O.  Box  376 
41000  Zagreb 
Phone:  (041)  42  37  46 
Telex:  21  194 
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INTERNATIONAL 


BELGIUM 

Aurccma  Belgium 
Brogniezstraat  172A 
1070  Brussels 
Phone:  02-523  62  95 
Tolox:  216  46 
Fox:  02-520  1457 


DENMARK 

BN  Elektronik  A/S 
Haraldsgade  69 
2100  Kobcnhavn 
Phono:  01/16  45  45 


FRANCE 
BLAGNAC 
CELDIS 

Centreda  Avo.  Didier  Daural 
31700  Blagrmc 
Phono.  (61)  71-11-22 
Telex:  532  103 

BLAGNAC 

SCAIB 

15  Chemin  Do  Bages 
31702  Blagnac 
Phone:  (61)71  90  83 
Telex:  530  294 
Fax:  (61)71  90  63 

BORDEAUX 
DIMACEL 

137/139  Rue  Croix  de  Seguey 
33000  Bordeaux 
Phone:  156)  81  14  « 
Telex:  540  579 
Fax:  (56)46  26  66 
BORDEAUX  CEDEX 
S.C.T.  Toutelectric 
80/63.  Oual  De  Quoyrles 
33072  Bordeaux  Cedox 
Phone:  (56)66  5031 
Telex:  550  966 
Fax:  (56)40  4999 
CE8TAS 
SCAIB 

14  Alleo  Des  Chalalgniors 
Canejan 
33610  Cestes 
Phone:  (56)  89  13  65 
Fax:  (56)316051 

CUCHV  CEDEX 
DIMACEL 

11,  Rue  Jeanne  d'Asnieres 
BP  280 

92113  CliChy  CedOX 
Phone:  (47)301515 
Telex:  610  652 
Fax:  (47)37  5387 

CRETEIL  CEDEX 
SYSCOM 

Z-A.  Des  Coteaux  du  Sud 

31-33  Ruo  des  Relugntkz 

94006  Creleil  Codex 

Phone:  (1)437  76466 

Telex:  262  566 

Fax:  437  76  349 

JUAN  LES  PINS-ANTIBES 

SCAIB 

BP  52 

06160  Jaun  les  Pins-Anlibes 
Phone:  (93)  95  21  22 
Fax:  (93)  95  21  20 


FRANCE  continued 

LA  MADELEINE 

SCAIB 

4  Rue  du  Pare 
59110  la  Madoleino 
Phone:  (20)  51  32  29 
Telex:  120  755 

LE  MANS 
DIMACEL 

Residonco  Le  Lalhtte 
41-51  Place  des  Sablons 
72100  le  Mans 
Phone:  (43)  76 16  97 
Telex:  722666 
Fax:  (43)  76  10  12 

LES  MILLES  CEDEX 
OIMACEL 

64  Rue  Georges  Claude 
Zl  Aix  en  Provence 
BP  48 

13762  Les  Millas  Cedox 
Phone:  (42)39  65  50 
Telex:  441  569 
Fax:  (42)  24  40  27 

LILLE 
DIMACEL 

78.  Rue  Boucher-de-Perthos 

59600  Lille 

Phone:  (20)  30  85  SO 

Telex.  110  173 

Fax:  (20)  57  67  87 

LYON 

CELDIS 
67  Rue  Balallle 
69008  Lyon 
Phone:  (76)  76  32  38 
Telex:  375  446 

LYON  C.80EX 
RADIALEX 
74  Rue  Vendeme 
BP  6003 

69411  Lyon  CedOX  06 
Phone:  (78)  89  45  45 
Telex:  300236 
Fax:  (76)933305 
LYON 
SCAIB 

8  Rue  du  Repos 

69007  Lyon 
Phone:  172)7321  27 
Telex:  360380 
Fax:  (78)691060 
MEYLAN 
SCAIB 

Chemin  des  Ctos  Zirsi 
38240  Meylan 
Phone:  (76)902260 
Telex:  960  739 
Fax:  (76)  41  09  54 
NANTES  CEDEX 
SCAIB 

6  Bid  Adolphe  Billault 
BP  99 

44003  Nantes  Codex  01 
Phone:  (40)  20  04  61 
Telex:  711  660 
Fax:  (40)35  57  21 
RENNES 
DIMACEL 

5  Rue  Louis  Turban 
35100  Rennes 
Phone:  (99)  50  25  92 
Telex:  950  466 

Fax:  (99)5380  21 


FRANCE  continued 

RENNES 

SCT  Electronics 

Zee  Oes  Longs  Champs 

Los  Galaxies  Im.  Herculo 

35000  Rennes 

Phone:  (99)366306 

RUNGIS  CEDEX 

CELDIS 

4/8AlteedelaVrergo 
Silic  560 

94653  Rungis  Cedex 
Phone:  (45)6058  00 
Telex:  200  465 
Fax:  (45)6005  46 
RUNGIS  CEDEX 
SCAIB 

80  Rue  DArcueil 
Silic  137 

94523  Rungis  Cedex 

Phone:  (46)  87  23  13 

Telex:  204  674 

Fax:  (45)60  55  49 

SAINT  MARTIN  dUERES  CEDEX 

DIMACEL 

21  Rue  Boat 

21  Sua 

BP  155 

36404  SI  Martin  d'Keres  Cedex 

Phone:  (76)  24  24  30 

Telex:  980  216 

Fax:  (76)24  45  02 

SAINT  PRIEST  CEO  EX 

OIMACEL 

Cerisioz  2  Tour  5 

32  Bis  Bd  Des  Roses 

BP  171 

69603  St  Priest  Cedex 
Phone.  (78)  21  37  21 
Telex:  360010 
Fax:  (78)  21  72  93 

STRASBOURG 
OIMACEL 

17  Boulevard  de  Nancy 
67000  Strasbourg 
Phone:  166)  22  07  19 
Telex:  860  372 
Fax:  (66)  22  31  04 

TOULOUSE 
DIMACEL 

284  Route  Oe  St  Simon 
31100  Toulouse 
Phone:  (61)40  96  50 
Telex:  521  364 
Fax:  (61)41  75  49 

TOULOUSE  CEDEX 

S.C.T.  Toutelectric 
37  Avo  E  Oewoitine 
BP  2167 

31022  Toulouse  Cedex 

Phone:  (61)2204  22 

Telex:  530  219 

Fax:  161)23  6672 

VERRIERES/BUISSON  CEDEX 

SCT  Electronics 

ZA  Route  Ou  Bua 

BalBEnlree2 

Cidex434 

91374  Verrieres/Buisson  Codex 
Phone:  (60)  11  19  50 
Telex:  603  317 


GERMANY 
BERLIN 

Distron  GmbH  ft.  Co. 
Behaimstrasse  3 
1000  Berlin  10 
Phone:  34  21  04  1/45 
Telex:  16  54  78 
DREIEtCH 

Spoerlo  Electronic  KG 
Max-PIanck-Strasse  1/3 
6072  Dreieich 
Phone:  (06103)3  04  0 
Telex:  417  972  ft  417  963 
KIRCHHEIM 
MBS  Electronic 
Benzstrasso  1 
6011  Kirchhelm 
Phone:  (069)903  6551 
Telex  5  215  555 
MOEGLINGEN 
Elkose  GmbH 
Bahnhofstrosse  44 
7141  Moeglingen 
Phone:  (07141)46  70 
Telex:  7264  472 
PUTZBRUNN 
Sosco  GmbH 

Hermann-Oberth-Strosse  16 
8011  Putzbrunn 
Phone:  (066)  4  61  10 
Telex:  529504 

STUTTGART 

Bourns  GmbH 
Breite  Stresse  2 
7000  Stuttgart  1 
Phone:  (0711)  22  93-0 
Telex:  721  556 
Fax:  (0711)2915  68 


ITALY 

EMILIA-ROMAGNA/TOSCANA 

Hellls  Sa.S. 

Viale  S.  Benedetto.  22/24 
41049  Sassuolo  (MO) 
Phone:  (0538)  80  41  04 
Fax:  (0536)802343 

TRE  VENEZtE 

TecntJm  Due  S.a.S. 
Via  Savassa  Bassa.  56 
31029  Vittorto  Veneto  (TV) 
Phone:  (0436)  55  54  47 

RIMANENTI REGIONI 

Technic  S.r.L. 
Via  Brembo,  21 
20139  Milan 
Phone:  (02)569  57  46 
Telex:  316  651 
Fax:  (0J)  569  21  40 
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oWcDEN 

UNITED  KINGDOM 

UNITED  KINuDUM  continued 

HAAK5BERGEN 

SOLNA 

RR  electronics  Lid. 

Jermyn  Distribution  Ltd. 

Texlm  Electronics  B.V. 

Elfa  Radio  end  Television  AB 

St.  Marlins  Way  industrial  Estate 

Vesiry  Estalo 

Albert  Cuypl&an  4 

171  17  Soma 

Cambridge  Road 

Sevonoaks 

7482  J  A  HaeksberQen 

Phono:  (08)  735  35  00 

Bedford  MK42  0LF 

Kent  TN14  5EU 

Phono:  (05427)33333 

Telex:  104  79 

Phone:  (0234)47  211 

Phone:  (0732)  450  144 

Telex:  446  06 

Fax:  (OS)  730  10  40 

Telex:  626  251 

Telex:  95142 

Fax:  (05427)  117  64 

Fax:  (0234)  214  674 

Mintech  Semi  Conductors  Ltd. 

SCHIEDAM 

SWITZERLAND 

Hi-Tok  Electronics  Ltd. 

(DICE  only) 

Handotsfneatschapplj  Mete  h  us  B.V. 

D.  Leltgeb  AO 

uiiion  W8IK 

22  KiriQSway 

Po>tbul4S 

Ueberlandstrasse  139 

Cacrtbridgo  CBS  8QD 

City  Tteding  Estate 

3100  AA  Schlodam 

&600  Duebendort 

Phono:  (0223)  21  33  33 

Norwich 

Phono:  (010)  427  7777 

Phone:  (01)82015  80 

Tolox:  817  347 

Norfolk  NR2  4UE 

Tolox:  21588 

Telex:  825  326 

Fax:  (0223)214  365 

Phone:  (0603)630  231  - 

Fax:  (010)  4154887 
&TAOSXAMAAL 

Fax:  (01)8216121 
Dlstreloc  AO 

S.D.P.  Llmilod  (DICE  only) 
Rogonl  Hausa 

Tolex:  975  125 
Fax:  (0603)633  556 

Ellncom  B.V. 

Hardturmitrasso  131 

York  Rd. 

Farnell  Electronic  Components 

Ootterxade  33, 

8037Zuerich 

Hartlepool 

Canal  Fid. 

P.O.  Box  249 

Phone:  (01)  276  22  11 

Clovoland  TS26  90U 

Loeds 

9503  HP  SUdskanaal 

Telex:  623  045 

Phono:  (0429)  233  721 

Yorkshire  LS12  2TU 

Phono:  (05990)  148  30 

Fax:  (01)  42  tO  00 

Tolox:  587  650 

Phone:  (0532)  636  311 

Tolox:  933  78 

Fax:  (0429)  261  540 

Telox:  55  147 

Fax:  (05090)203  00 

STC  Eloctronics  Sorvicos 

Fax:  (0532)633  404 

Edinburgh  Way 

Harlow 

Essox  CM202DF 

Phono:  (0279)26  777 

Tolox:  81  525 

Fax:  (0279)  441  687 
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